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Abstract
In in vitro culture systems, dexamethasone (DEX) has been applied with ascorbic acid (ASC) and β-glycerophosphate
(βGLY) as culture media supplementation to induce osteogenic differentiation of mesenchymal stem cells. However, there
are some inconsistencies regarding the role of DEX as osteogenic media supplementation. Therefore, this study verified the
influence of DEX culture media supplementation on the osteogenic differentiation, especially the capacity to mineralize the
extracellular matrix of stem cells from human exfoliated deciduous teeth (SHED). Five groups were established: G1—
SHED+Dulbecco’s Modified Eagles’ Medium (DMEM)+ fetal bovine serum (FBS); G2—SHED+DMEM+ FBS+
DEX; G3—SHED+DMEM+ FBS+ASC+ βGLY; G4—SHED+DMEM+ FBS+ASC+ βGLY+DEX; G5—
MC3T3-E1+ α Minimal Essential Medium (MEM)+ FBS+ASC+ βGLY. DNA content, alkaline phosphatase (ALP)
activity, free calcium quantification in the extracellular medium, and extracellular matrix mineralization quantification
through staining with von Kossa, alizarin red, and tetracycline were performed on days 7 and 21. Osteogenic media
supplemented with ASC and β-GLY demonstrated similar effects on SHED in the presence or absence of DEX for DNA
content (day 21) and capacity to mineralize the extracellular matrix according to alizarin red and tetracycline quantifications
(day 21). In addition, the presence of DEX in the osteogenic medium promoted less ALP activity (day 7) and extracellular
matrix mineralization according to the von Kossa assay (day 21), and more free calcium quantification at extracellular
medium (day 21). In summary, the presence of DEX in the osteogenic media supplementation did not interfere with SHED
commitment into mineral matrix depositor cells. We suggest that DEX may be omitted from culture media supplementation
for SHED osteogenic differentiation in vitro studies.
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1 Introduction

Researchers and clinicians are increasingly motivated to
select mesenchymal stem cells (MSCs) from dental origins
as a source of stem cells for tissue regeneration and
cellular-based therapies [1–3]. Stem cells from human
exfoliated deciduous teeth (SHED) are part of human
dental tissues, corresponding to a subgroup of MSCs [4].
Therefore, SHED are a population of postnatal stem cells
with the ability to differentiate into restrictive, but various
cell types, including osteoblasts, chondroblasts, and neural
cells. Since SHED are obtained from naturally exfoliated
deciduous teeth, these cells stand as a unique, readily
accessible, and noninvasive stem cell resource. Further-
more, SHED have been reported to exhibit high prolifera-
tion rates, the notable potential for differentiation, as well
as mineralization of extracellular matrix capacity [5]. In
addition, SHED exhibit distinct biological characteristics
and gene expression profiles compared to other dental
MSCs [3, 5–7].

Dexamethasone (DEX) is a steroid hormone and a potent
synthetic member of the glucocorticoid family. Gluco-
corticoids are synthesized and released from the adrenal
cortex, regulated by the hypothalamic–pituitary–adrenal
axis, and actively act on several physiological functions.
Interestingly, endogenous glucocorticoids are crucial for
osteoblast differentiation during embryonic osteogenesis
[8]. However, exposing embryos to elevated levels of glu-
cocorticoids has been proved to lower the fetus birth weight
and disorder the equilibrium of embryonic bone formation
in vivo [9].

In in vitro culture systems, DEX has been applied along
with ascorbic acid and β-glycerophosphate (βGLY) as
media supplementation to induce MSCs to differentiate into
osteoblasts. Several distinct effects on MSCs and osteo-
blasts have been reported. Therefore, DEX impact over
MSCs seems to be related to the treatment duration, con-
centration, and stage of osteoblastic differentiation [10–13].
It has been demonstrated a positive stimulus of osteoblast
lineage commitment in the presence of DEX at early
stages of differentiation, but a downstream of bone
matrix formation as osteoblastic differentiation progresses
[12, 14, 15]. Rimando et al. [12] explained these findings by
the glucocorticoid receptor (GR), since, in osteoblasts, GR
is directly targeted by early (Runx2) and late (osteocalcin
and bone sialoprotein) bone markers. GR positively reg-
ulates Runx2 while inhibits osteocalcin transcriptions.
These results are in accordance with Lian et al. [14] that
found inhibition of osteoblastic differentiation of MC3T3-
E1 by the chronic use of DEX through the downregulation
of osteocalcin gene expression. In addition, Wang et al. [15]
suggested that a low dose of DEX favors MSCs prolifera-
tion and angiogenesis in vitro, and protects against

apoptosis, while high concentrations of DEX decrease
osteoblasts proliferation [10]. Conversely, Li et al. [16]
found that MSCs under DEX treatment were more likely to
differentiate into an adipocyte lineage rather than osteo-
blasts even under the induction of bone morphogenetic
protein-2, thus DEX shifted the differentiation away from
the osteoblast lineage.

The choice of the osteogenic supplementation medium
for MSCs is crucial, considering that these cells with the
respective medium will represent the positive control group
in tissue engineering experiments and evaluation of the
biomaterials and/or substances osteoinduction capacity [17].
In view of the inconsistency concerning the use of DEX as
osteogenic media supplementation to differentiate MSCs,
the present study aimed to verify the influence of DEX
culture media supplementation on the DNA content and
osteogenic differentiation, especially the capacity to
mineralize the extracellular matrix of SHED. The null
hypothesis was that the DEX would not influence the
osteogenic culture media supplementation to DNA content
and differentiation of SHED.

2 Materials and methods

SHED were provided by the Curityba Biotech™ Cell Pro-
cessing Center. These cells were collected from the pulp of
naturally exfoliated deciduous teeth from three patients.
Cells were characterized by the cell processing center before
being sent to the laboratory. These cells were cultured in
Dulbecco’s Modified Eagles’ Medium (DMEM; Gibco,
Thermo Fisher Scientific) with 10% fetal bovine serum
(FBS; Gibco, Thermo Fisher Scientific) (non-osteogenic
DMEM) for subculturing at 37 °C with an atmosphere of
5% of CO2 until the passage number 6. For the experiments,
the osteogenic media composition for SHED culture was
different combinations of DMEM with 10% FBS, 50-µM L-
ascorbic acid (ASC; A4544, Sigma-Aldrich), 10-mM βGLY
(G9891, Sigma-Aldrich), and 0.1-µM DEX (D4902, Sigma-
Aldrich) [18]. Tests were performed to determine DNA
content and differentiation into an osteogenic-like lineage.
Experimental control was performed using murine pre-
osteoblasts MC3T3-E1 subclone 4 (American Type Culture
Collection, CRL 2593) cultured with modified α-Minimum
Eagles’ Medium (Gibco, Thermo Fisher Scientific), com-
bining 10% FBS, 50-µM ASC, and 10-mM βGLY [19].

Five groups were established, namely: G1—SHED+
DMEM+ FBS; G2—SHED+DMEM+ FBS+DEX; G3
—SHED+DMEM+ FBS+ASC+ βGLY; G4—SHED
+DMEM+ FBS+ASC+ βGLY+DEX; G5—MC3T3-
E1+ αMEM+ FBS+ASC+ βGLY.

The sample size calculation for independent groups was
performed using data from a pilot study, according to the
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equation [20]

n ¼ Sa2 þ Sb2
� � �

Zα
2 þ Zβ

d

� �2" #

where n= sample size per group; Zα2 = 1.96; Zβ= 0.84; d=
minimum difference among mean; Sa e Sb= groups
standard deviation.

n ¼ 1þ 0:51ð Þ � 1:96þ 0:84
1:51

� �2" #

n= 9.0298.

Considering that the sample size calculation indicated
n= 9.0298 as a minimum sample for each group, the
authors opted to use n= 12. Therefore, using 96-well
plates, 2.0 × 104 cells per well were seeded in quadruplicate
and cultured at 37 °C and 5% CO2. Since the experiments
were performed in triplicate, n= 12 for each evaluated
group. Culture media were changed every 2–3 days.
Experiments, aiming to evaluate DNA content and osteo-
genic differentiation, were performed at days 7 and 21,
according to the methodologies described below.

2.1 DNA content

DNA content was assessed through Quant-iT TM PicoGreen®
dsDNA Reagent (P7589, Invitrogen, Thermo Fisher Scien-
tific). This test acts by quantifying double-stranded DNA, even
in small amounts in the solution, minimizing RNA and single-
stranded DNA fluorescence detection. Analyses were per-
formed according to the manufacturer’s recommendations,
based on Cho et al. [21], with modifications. Readings were
performed on a fluorescence spectrophotometer (SpectraMax
M2e, Molecular Devices) at 360/440 nm (Ex/Em).

2.2 Alkaline phosphatase (ALP) activity

To determine the ALP activity, the ALP Assay Fluorimetric
Kit (Abnova) was used. Supernatants were collected and
transferred to a 96-well plate following the manufacturer’s
guidelines to perform fluorescence spectrophotometer
readings (SpectraMax M2e, Molecular Devices) at 360/
440 nm (Ex / Em). The results from ALP quantification
were normalized to the DNA content.

2.3 Calcium quantification in the extracellular
medium

To quantify the free calcium content in the extracellular
medium, the QuantiChromTM Calcium Assay Kit (BioAssay

Systems) was used. Supernatants were collected and trans-
ferred to a 96-well plate following the manufacturer’s
guidelines, and according to Cruz et al. [19]. Optical density
readings were performed using a spectrophotometer
(SpectraMax M2e, Molecular Devices) at 612 nm. The
calcium quantification results were normalized to the DNA
content.

2.4 Extracellular matrix mineralization

The mineralization of the extracellular matrix was evaluated
using three different methods.

Von Kossa staining was performed to visualize the
mineralization nodules in the extracellular matrix.
According to the method described by Cruz et al. [19],
cells were fixed with 4% paraformaldehyde for 60 min and
stained with 1% silver nitrate solution (Merck) for 30 min
at room temperature, whilst protected from light. Coun-
terstaining was performed with 0.1% eosin alcoholic
solution (Sigma-Aldrich) for 10 min. Wells were photo-
graphed with a camera coupled to an inverted light
microscope (Zeiss). Image J software (National Institute
of Health) was employed to quantify the mineralization
nodules.

Also for visualization and quantification of mineraliza-
tion nodules in the extracellular matrix, fluorometric stain-
ing with tetracycline was performed. For this, all culture
media from the five experimental groups were supple-
mented with 0.1% tetracycline hydrochloride (Sigma-
Aldrich), and periodically changed. To perform the quan-
tification, tetracycline-supplemented media were removed
and replaced with standard culture media without tetra-
cycline, according to the established protocol. Readings
were performed on a fluorescence spectrophotometer
(SpectraMax M2e, Molecular Devices) at 570 nm. Plates
were taken to the inverted fluorescence microscope (Zeiss)
to photograph the mineral nodules.

For quantification of extracellular matrix mineralization by
alizarin red staining, cell fixation was performed with 4%
paraformaldehyde for 15min and stained with 3% alizarin red
for 30min. Staining was solubilized using 5% sodium dodecyl
sulfate in 0.5-N HCl for 30min. The solution was transferred
to a new 96-well plate, and optical densities were analyzed
using a spectrophotometer (SpectraMax M2e, Molecular
Devices) at 490 nm, based on Pang et al. [22].

2.5 Statistical analysis

Three independent experiments were performed to confirm
the reproducibility of the results. Graph Pad Software Inc.
(San Diego, CA, USA) was employed for statistical ana-
lysis. Results of DNA content, ALP activity, calcium
quantification, and extracellular matrix mineralization
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quantification by von kossa, tetracycline, and alizarin red
from all groups were compared through a one-way analysis
of variance followed by the Tukey’s post-hoc test, com-
paring all treatments at each experimental time individually.
Statistical analyses were also performed comparing the
results of days 7 and 21 from each group through t-test.
Differences between datasets with p < 0.05 were considered
statistically significant.

3 Results

3.1 DNA content

DNA content assay results are shown in Fig. 1, where the
main finding is that G4 demonstrated more DNA content
than G3 (p= 0.0092) at day 7, while G3 and G4 demon-
strated similar results on day 21 (p= 0.2909). An evident
reduction in DNA content of G3 and G4 comparing day 7
with day 21 of the experiment (p= 0.0002 and p= 0.0001,
respectively) was observed, while G1 maintained the DNA
content (p= 0.6277), and G2 and G5 increased this quan-
tification (p= 0.0053 and p= 0.0004, respectively).

3.2 ALP activity

Regarding the ALP activity, Fig. 2 demonstrates that G2
presented the highest enzymatic activity followed by G1,
G3, G4, and G5 on day 7 (p < 0.001). On day 21,
G4 showed the highest ALP activity followed by G3, while
G5 demonstrated the lowest values (p < 0.0001). Therefore,
G4 promoted less ALP activity than G3 on day 7, while the
inverse occurred on day 21. A reduction in the ALP activity
from day 7 to 21 was observed for G2 (p= 0.0001) and G5
(p < 0.0001), while an increase was perceived for G3 (p <
0.0001) and G4 (p= 0.0004).

3.3 Calcium quantification in the extracellular
medium

According to Fig. 3, G3 presented the highest free calcium
quantification on day 7 (p < 0.0001), while G5 showed the
lowest amount on day 21 (p < 0.0001). On day 21, G4
demonstrated more free calcium quantification than G3 (p
= 0.0021). Also, a reduction of calcium in the extracellular
media for G2 (p= 0.0017), G3 (p < 0.0001), and G5 (p <
0.0001) from day 7 to 21 was observed.

Fig. 1 DNA content assay by PicoGreen® reagent on days 7 (n= 12
for each group) and 21 (n= 12 for each group). Different lower-case
letters refer to a significant difference (ANOVA/Tukey test, p < 0.05)

among groups at the same experimental time. Different capital letters
indicate significant differences (Student test, p < 0.05) between the
experimental times for the same group

Fig. 2 Alkaline phosphatase (ALP) activity by ALP Assay Kit
Fluorimetric on days 7 (n= 12 for each group) and 21 (n= 12 for each
group). ALP quantification results were normalized to the DNA con-
tent. Different lower-case letters refer to a significant difference

(ANOVA/Tukey test, p < 0.05) among groups at the same experi-
mental time. Different capital letters indicate significant differences
(Student test, p < 0.05) between the experimental times for the
same group
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3.4 Extracellular matrix mineralization

Von Kossa staining results revealed high cell densities in all
groups on day 7, but the absence of mineralization (Fig.
4A). On day 21, all groups were able to mineralize extra-
cellular matrix (Fig. 4B). In addition, G3 revealed the
highest mineralization levels (p < 0.0001), followed by G4
and G5 (Fig. 4C). Regarding the extracellular matrix
mineralization quantification by tetracycline assay, a very
tinny quantification of tetracycline (Fig. 4D) occurred on
day 7. However, a sharp increase in tetracycline quantifi-
cations for G3, G4, and G5 occurred on day 21 (Fig. 4E, F),
with no significant difference between G3 and G4 (p=
0.9243). According to Fig. 4G, alizarin red staining corro-
borates the results of tetracycline quantification, indicating
no significant difference between G3 and G4 (p= 0.9998).

4 Discussion

Despite DEX has been widely used to induce osteogenesis
in vitro [23], different effects have been related to this
glucocorticoid on MSCs and osteoblasts [12–15]. There-
fore, due to the inconsistency regarding the application of
DEX as supplementation of osteogenic media and the
importance of using a reliable positive control group, the
purpose of this study was to analyze in vitro the influence of
DEX media supplementation on the DNA content and dif-
ferentiation of SHED into an osteoblastic-like lineage. In
summary, we observed that the osteogenic media supple-
mented with ASC and β-GLY demonstrated similar effects
on SHED in the presence or absence of DEX for the DNA
content assay (day 21) and the capacity to mineralize the
extracellular matrix according to tetracycline and alizarin
red quantifications (day 21). In addition, the presence of
DEX in the osteogenic medium promoted less ALP activity
(day 7) and mineralization of extracellular matrix according
to von Kossa staining (day 21), and more free calcium

quantification at extracellular medium (day 21). On the
other hand, the supplementation with DEX without ASC
and β-GLY did not demonstrate the capacity to mineralize
the extracellular matrix, with similar effects of culture
media with FBS only. These findings are relevant since they
describe the role of DEX in the osteogenic culture media
supplementation for SHED, emphasizing the terminal phase
of differentiation, i.e., the deposition of the mineralized
matrix by the differentiated cells. Thereby, the present study
can be useful to assist in the choice of the osteogenic sup-
plementation when SHED is used as a positive control in
the osteogenic differentiation assays. In addition, it is per-
tinent to notice that SHED exhibit distinct biological char-
acteristics compared to other dental MSCs [3, 5–7].

As previously mentioned, DEX impact over MSCs is
related to the treatment duration, concentration, and stage of
osteoblastic differentiation [12, 13]. Herein, we have used
the same concentrations of osteogenic substances as pre-
viously reported [13, 18, 24]. Nevertheless, distinct con-
centrations have been reported in the literature, treating cells
with 50-μg/mL ASC, 5-mM β-GLY, and 100-nM DEX, and
[25], or 50-mg/L ASC, 10-mmol/L βGLY, and 0.1-µmol/L
DEX [26]. Therefore, the concentration of β-GLY from
these two studies was different from that employed in our
research, while there was no difference in ASC or DEX
concentrations, although the units of measurement differed.
Low doses of DEX, such as the dose applied herein, favored
MSCs proliferation and angiogenesis in vitro and protects
against apoptosis [10].

It is relevant to discuss that we have proposed a protocol
by supplementing culture media with tetracycline, which is
not deleterious to the cells, has the capacity to bind the
mineral deposits and is fluorescent [6, 27]. It is well known
that tetracycline can be incorporated into a mineralizing
dentin matrix, which may result in the staining of forming
teeth when systemically administered [28]. Previous in vivo
studies [6, 27] used injections of tetracycline hydrochloride
to demonstrate calcium mineral deposition through

Fig. 3 Free calcium quantification by the QuantiChromTM Calcium
Assay Kit in the extracellular media on days 7 (n= 12 for each group)
and 21 (n= 12 for each group). Calcium quantification results were
normalized to the DNA content. Different lower-case letters refer to a

significant difference (ANOVA/Tukey test, p < 0.05) among groups at
the same experimental time. Different capital letters indicate sig-
nificant differences (Student test, p < 0.05) between the experimental
times for the same group
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fluorescence. It is relevant to mention that the proposed
protocol using tetracycline does not require cell fixation
before staining, as required by the von Kossa and alizarin
red assays [29, 30]. Therefore, the continuous observation
of dynamic changes during the formation of mineralized
nodules in living cell cultures becomes possible, with
similar abilities to specifically label mineral deposition and
avoid the deleterious effects of cell fixation, as previously
reported [31].

According to the cellular metabolism, undifferentiated
cells, at their initial stages, proliferate rapidly to achieve a
sufficient cell density before starting the differentiation
process under specific stimuli. When cells receive the sig-
nals to differentiate, they become committed and gradually
stop proliferating while starting the expression of early
markers, such as ALP and osterix. Throughout the differ-
entiation process, cells express markers, such as collagen
type I, osteopontin, osteonectin, and osteocalcin. This
sequential upregulation leads to the differentiation of MSCs
into osteoblast-like cells capable to deposit minerals in the
extracellular matrix [12, 32, 33]. Herein, the reduction on
SHED DNA content from day 7 to day 21 for both groups
that received the osteogenic medium, regardless of the
absence or presence of DEX (G3 and G4, respectively),
probably due to the commitment of these cells to the
osteogenic differentiation process was noted [12, 32, 33]. In

addition, we observed that SHED treated with ASC and
β-GLY in the presence of DEX (G4) promoted more DNA
content compared to cells treated only with ASC and
β-GLY (G3) at day 7, which agrees with Beloti and Rosa
[34]. On the other hand, Chadipiralla et al. [13] observed
that SHED treated with osteogenic medium including DEX
demonstrated less proliferation rates compared to SHED
treated without DEX. Regarding the DNA content, it is
important to mention that besides the reduction in cell
proliferation during cell commitment to differentiation, we
could observe that some cells detached the bottom of the
plates while the extracellular matrix was mineralized. In
addition, differentiated cells are harder to be removed from
the plastic through enzymatic procedures for the experiment
and it can also explain the reduction in DNA content
herein observed.

Interestingly, the SHED group that received ASC, β-GLY,
and DEX (G4) presented an increase on ALP activity at day
21, probably due to the later stage on the differentiation
process of these cells, since, at this later experimental time
(day 21), the osteoblast committed cells should be miner-
alizing the extracellular matrix and not be dedicated to ALP
function. Moreover, at the initial time (day 7), the SHED
group that received ASC, β-GLY, and DEX (G4) demon-
strated fewer ALP activity than SHED treated without DEX
(G3), according to Chadipiralla et al. [13]. This finding

Fig. 4 Extracellular matrix mineralization. A Von kossa staining on
day 7 (n= 12 for each group) and B on day 21 (n= 12 for each
group); C quantification of extracellular matrix mineralization by te
Von kossa assay on day 21 using Image J software (NIH) (n= 12 for
each group). Different lower-case letters refer to a significant differ-
ence (ANOVA/Tukey test, p < 0.05) among groups at the same
experimental time; D tetracycline fluorescence on day 7 (n= 12 for
each group) and E on day 21 (n= 12 for each group); F quantification

of mineralization nodules by the tetracycline assay on day 21 (n= 12
for each group). Different lower-case letters refer to a significant dif-
ference (ANOVA/Tukey test, p < 0.05) among groups at the same
experimental time; G red alizarin quantification on day 21 (n= 12 for
each group). Different lower-case letters refer to a significant differ-
ence (ANOVA/Tukey test, p < 0.05) among groups at the same
experimental time
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indicates that the DEX addition to the osteogenic medium did
not seem to improve the osteogenic differentiation of SHED.
Conversely, Beloti and Rosa [34] demonstrated a positive
effect of DEX in ALP activity. We also observed that the
regular medium (G1) promoted more ALP activity than the
osteogenic medium with DEX (G4). This finding is divergent
from Loebel et al., Klontzas and Tsiridis, and Miao et al.
[24–26], who evaluated human bone marrow stem cells,
umbilical cord blood MSCs, and cells from fresh human
skeletal muscle tissue, respectively.

Another interesting finding of the present study is the
amount of calcium quantified in the supernatant. At day 7 of
the experiments, most groups presented similar concentra-
tions of Ca2+, except G3 that showed the highest calcium
availability. As expected, there was a sharp reduction in free
calcium quantification at day 21, since the calcium avail-
ability in the supernatant decreased as cell differentiation
arises and free calcium is trapped for mineral matrix for-
mation, as observed for the positive control group (G5).
This finding is corroborated by the tetracycline and alizarin
red quantitative extracellular matrix mineralization assays
[31]. In this sense, on day 21, the DEX addition to the
osteogenic medium was supposed to decrease the free cal-
cium quantification. However, the opposite was observed,
since G4 (osteogenic medium with DEX) demonstrated
more free calcium than G3 (osteogenic medium without
DEX). In addition, according to tetracycline and alizarin red
quantification, the supplementation with DEX into the
osteogenic medium (G4) did not increase the extracellular
matrix mineralization. Consequently, the DEX addition to
the osteogenic medium did not seem to improve the SHED
differentiation into an osteoblast-like cell capable to
mineralize the extracellular matrix. Some studies are in
accordance with our findings and reported a downstream of
bone matrix formation as osteoblastic differentiation pro-
gresses under DEX treatment [12–15, 35]. Chadipiralla
et al. [13] previously demonstrated that DEX addition into
the osteogenic medium did not improve the osteoblast dif-
ferentiation of SHED. Rimando et al. [12] explained these
findings by the GR that is directly targeted by early (Runx2)
and late (osteocalcin and bone sialoprotein) bone markers in
osteoblasts. GR positively regulates Runx2 while inhibits
osteocalcin transcriptions. Over MC3T3-E1 cells, DEX also
led to the inhibition of osteoblastic differentiation through
the downregulation of osteocalcin gene expression [14].
Furthermore, MSCs under DEX supplementation were
found to be more likely to differentiate into an adipocyte
rather than osteoblast lineage [16]. Conversely to these
findings, Beloti and Rosa [34] verified that supplementation
with DEX into osteogenic media promoted more extra-
cellular matrix mineralization through the alizarin red assay.
Klontzas and Tsidiris [24] showed that the association of
DEX, ASC, and β-GLY induced more mineralization of the

extracellular matrix compared to the non-osteogenic med-
ium. In addition, we perceived that the supplementation
with DEX without ASC and β-GLY (G2) was able to
induce a minute mineralization of the extracellular matrix,
with similar effects of culture media with FBS only. These
divergent findings regarding DEX use could be explained
by the positive stimulus of osteoblast lineage commitment
in the presence of DEX at the early stages of differentiation
and the negative influence over bone matrix formation as
osteoblastic differentiation progresses [12]. In addition, the
fact that MSCs from different sources exhibit distinct bio-
logical properties [3, 5–7] could also explain the diver-
gences among some reports and findings observed herein. It
is relevant to mention that our findings are in agreement
with Chadipiralla et al. [13] who also evaluated SHED
treated with the same DEX concentration and compatible
time points described here.

Since some studies have shown beneficial effects of DEX
in the early stages, but negative effects in the terminal phases
of the osteoblast differentiation of MSCs through gene
expression of bone-specific markers [12], our study focused in
the terminal phase of differentiation, evaluating the differ-
entiated cells capable to deposit mineralized matrix. Therefore,
we evaluated the free calcium at the extracellular medium and
the mineralization of extracellular matrix by alizarin red, von
Kossa, and tetracycline staining. Nevertheless, it was con-
sidered important to assess DNA content and ALP activity
since DEX has been shown to have a positive impact on the
initial phases of osteoblastic differentiation. Moreover, our
findings corroborate that the use of DEX should be regulated
over the differentiation process or even suppressed since the
bone matrix formation might be enhanced while minimizing
the adverse effects of continuous DEX exposure [12, 13].
However, it is important to mention that different MSC have
been demonstrated distinct biological characteristics [3, 5–7].

5 Conclusion

Based on the performed experiments, it can be concluded
that the presence of DEX in the osteogenic media supple-
mentation did not interfere with SHED commitment into
mineral matrix depositor cells. For this reason, we suggest
that DEX may be omitted from culture media supple-
mentation for SHED differentiation in in vitro studies.
Therefore, osteogenic media composed by DMEM with
10% FBS, 50-µM L-ascorbic acid, and 10-mM βGLY seem
to be sufficient for osteogenic differentiation of SHED.
Further studies are desired to observe the role of DEX in the
osteogenic media supplementation in MSCs from other
dental sources. In addition, the mechanisms by which DEX
acts in the cell culture media are still unknown and require
further studies.
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