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Enhancement of Odontoblastic Differentiation of Stem Cells
from Exfoliated Deciduous Tooth Using N-acetylcysteine—
An In Vitro Study
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A b s t r ac t
Aim and objective: The study was conducted to evaluate the effects of N-acetylcysteine (NAC) on the propagation and differentiation of stem
cells from human exfoliated deciduous teeth(SHED).
Materials and methods: SHEDs were isolated by explant culture method and characterized for stem cell properties using flow cytometry
method. MTT assay and Cell Counting Kit-8 (CCK-8) assay were used to examine the viability and proliferation of the SHEDs. The effects of
NAC-induced osteo/odontoblastic differentiation of SHEDs were determined by functional staining for mineralization, and the gene expression of
osteo/odontoblastic transcription factors and proteins was evaluated by real-time quantitative reverse transcription-polymerase chain reaction
(qRT-PCR) analyses. Protein levels of collagen type 1 (COL1), dentin sialophosphoprotein (DSPP), and dentin matrix acidic phosphoprotein
1(DMP-1) were calculated by the Western blot method to assess the osteo/odontogenic differentiation.
Results: SHEDs presented mesenchymal stem cell (MSC)-like characteristics on flow cytometric analysis. The cell viability and metabolic activity of
SHEDs were increased with an increase in the concentrations of NAC from 0.5 to 10 nM. However, the concentrations of NAC from 0.5 to 2.5 mM
did not affect cell proliferation. NAC incorporated at a concentration of 2.5 mM showed higher mineralization and considerably increased gene
expression levels of runt-related transcription factor 2 (RUNX2), COL1A1, DSPP, and DMP-1. It significantly increased the protein expression of
odontoblast-related matrix proteins like COL1, DSPP, and DMP-1.
Conclusion: NAC regulates the healthy propagation of dental stem cells in vitro. Its effects on the differentiation of dental pulp SHEDs remain
unidentified. This study explores that NAC can encourage the mineralization of SHEDs and differentiate them into the odontoblastic lineage.
Clinical significance: The results propose that NAC could have a significant pharmacological role in activating and enhancing odontogenic
differentiation of dental stem cells and possibly a prospect in regenerative dentistry.
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Introduction
The multipotent stromal cells known as mesenchymal stem
cells (MSCs) possess the proficiency to give rise to the cell
types of several tissues.1–3 These multipotent cells can be
obtained from various tissue sources, including bone marrow,
umbilical cord blood, dental pulp, and adipose tissues. Studies
have shown that these cells have the potential to differentiate
into multiple specialized cell lineages both in vitro and in
vivo conditions and hence proven advantageous for cellular
therapeutic replacement.4,5 Stem cells from dental sources are
of a certain type of MSCs and can be acquired from tooth pulp,
ligament of periodontium, tooth follicle, and apical papilla.1,6
Individually, these tissues yield a diverse type of stem cell.1,2,6
Stem cells from dental pulp (DPSCs), together with stem cells
from the exfoliated deciduous tooth (SHEDs), have the aptitude
for self-renewing capacity and differentiation into multiple
tissue cell types, particularly to differentiate into osteoblasts,
odontoblasts, hepatocytes, neural cells, adipocytes, myocytes,
and chondrocytes.7,8 SHEDs exhibit expression of a definite set
of cell surface markers that are solitary found in embryonic stem
cells and MSCs, comprising CD73, CD90, CD105, CD106, STRO 1,
SOX2, NANOG, OCT4, and cMyc. 2,9,10 When compared with DPSCs
or other dental stem cells, SHEDs have demonstrated a superior
rate of proliferation than others; also in mice models, SHEDs have
shown a great capability for the formation of dentin/bone.1,2,11
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N-acetylcysteine Promotes Odontoblastogenesis
Oral and dental sciences, including periodontics, endodontics,
prosthodontics, and orthodontics, are arriving at an innovative
age by using the multipotent stem cells and bioactive materials as
a tool for the reparation and regeneration of the dental and oral
tissues.12,13 Several types of stem cells are being investigated for
this perseverance.12,14 However, the lower cell survival rate during
differentiation of stem cells and after transplantation of welldifferentiated stem cells at the ischemic or damaged tissue sites
may be due to the microenvironment that is not favorable to the
viability of these cells.15,16
The continuous oxidative stress during the cell differentiation
process leads to the production of reactive oxygen species (ROS)
that are a regular derivative of the usual energy metabolism.17,18
ROS are found to perform a crucial part in the development of
stem cells and homeostasis of the tissues as lesser ROS generation
results in excessive proliferation rate, higher rate of cell survival,
and enhanced differentiation of stem cells, while too much ROS
generation might lead to the dysfunction of the mitochondrial,
higher cellular death, inflammation in the tissues, and stem cell
aging by possibly affecting their key characteristics of regeneration
and differentiation.17,19–21
N-acetylcysteine (NAC) is a glutathione (GSH) precursor and a
potent antioxidant that is effective in both direct and indirect ways
to reduce the production of intracellular oxidative stress and in turn
free radical production.
The direct action of NAC is by interacting with the electrophilic
groups of free radicals through its free thiol sidechain.
The indirect antioxidant action of NAC is through the
replenishment of intracellular GSH, the body’s major antioxidant.
Considering the massive antioxidant potential of GSH and lower
concentrations of NAC inside cells, the predominant antioxidant
effects of NAC may be associated with maintaining GSH levels in
the intracellular environment.
Previous studies have demonstrated that the treatment of
NAC promotes cell proliferation in MSCs, and these NAC-treated
MSCs retained their properties that stem cells possess and their
differentiation potential.22,23
Hence, the study was conducted to assess the effects of NAC on
the proliferative potential and osteo/odontoblastic differentiation
ability of SHEDs. The expression of dentin sialophosphoprotein
(DSPP) and dentin matrix acidic phosphoprotein 1 (DMP-1)
proteins in NAC-mediated odontoblastic differentiation was also
investigated.

M at e r ia l s

and

Methods

Sample Collection
After the approval from the institutional ethics committee of
Dr DY Patil Dental College and Hospital, Pimpri, Pune (Reference
no. RM 15/19), informed consent was obtained from the participants
of the study. Non-carious human exfoliated deciduous teeth were
obtained from healthy participants aged 6–12 years (n = 10) after
taking informed consent. The pulp was extracted in sterilized
conditions and transferred to the laboratory directly for further
processing.

Isolation and Culture of SHEDs
Isolation of SHEDs was carried out using the explant culture
method. Briefly, the tissue was cut into small fragments, and
those pieces were employed in culture flasks with complete

culture media [Dulbecco’s modified eagle medium (DMEM) with
a supplementation of 20% fetal bovine serum (FBS)]. The dishes
were subjected to incubation at 37°C in a humid incubator with
5% CO2 . The complete nutritive medium was replaced with
fresh media after every 2 days, and the outgrowth of the cells
was checked frequently under a phase-contrast microscope, an
inverted type (Olympus CKX53, Japan). The outstrip cells with
>80% conflux was removed using 0.25% trypsin-EDTA solution
and expanded further. The cell could differentiate till passage
4, and the cells differentiated at passage 4 were used during the
further procedures. 24

Colony-forming Unit (CFU) Assay for the Clonogenic
Ability of SHEDs
To evaluate the clonogenic ability of SHEDs to form colonies from
single cells, a CFU assay was done. Cells were inoculated onto 6-well
cell culture plates at 5 × 102 per well in culture media (DMEM with
10% FBS). Subsequently 7 days of incubation, the wells were stained
with 0.3% of crystal violet.24

Population Doubling Time and Growth Curve for
SHEDs
For the determination of the proliferative capability of SHEDs,
1 × 104 cells at passage 4 from individual samples were inoculated
into 12 well cell culture dishes, and on every alternate day, the
cells were counted for 14 days. The growth curve for 14 days was
compassed using cell numbers only.24

Characterization of SHEDs Using Flow Cytometry
SHEDs grown on the surface of the flask were detached and
washed with phosphate-buffered saline (PBS). After incubation
for 30 minutes with STRO-1, CD106, CD34, and HLA-DR (all from
eBiosciences, USA) antibodies, the cells were again washed with
PBS and the cells were analyzed on Attune NxT Flow Cytometer
(Thermo Scientific, USA). No less than 10,000 events were acquired
for each sample. The degree of positive staining was considered as a
percentage comparing to the isotype control. The cell differentiation
potential was evaluated in three replicates for each lineage.24

Differentiation
Adipocyte Differentiation
For differentiation into adipocytes, the SHEDs were exposed to
an adipogenic induction medium and incubated for 21 days.
The medium was changed twice per week. To determine the
adipogenic differentiation, after 21 days, the cells were fixed with
4% paraformaldehyde followed by staining for lipid droplets with
0.3% oil red O.24

Osteoblast Differentiation
For osteoblastic differentiation, the SHEDs were exposed to
an osteogenic induction medium and incubated for 21 days.
The medium was changed twice per week. To determine the
osteogenic differentiation, after 21 days, the cells were fixed with
4% paraformaldehyde followed by staining for mineralization with
2% Alizarin Red S (pH, 4.1–4.3). 24

Chondrocyte Differentiation
To differentiate into chondrocytes, the SHEDs were exposed to a
chondrogenic induction medium and incubated for four weeks.

The Journal of Contemporary Dental Practice, Volume 22 Issue 8 (August 2021)

883

N-acetylcysteine Promotes Odontoblastogenesis
The medium was changed every alternate day. To determine the
chondrogenic differentiation, after 4 weeks, the cells were fixed with
4% paraformaldehyde followed by staining for glycosaminoglycans
using 0.1% alcian blue.24

3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
Bromide (MTT) Assay
The viability of the SHEDs was assessed by using an MTT assay.
The cells were seeded into 96-well plates at 5 × 103 cells per well
with 100 µL of MSC Basal Medium + supplements (ALLCELLS, USA)
and incubated for 24 hours at 37°C, 5% CO2. The medium was
then replaced with 200 µL of fresh medium containing different
concentrations of NAC (0.5, 1, 2.5, and 5 mM). Untreated cells were
used as the control group. Two sets of 96 well culture plates were
prepared for each of the NAC concentrations, and each of the two
sets was incubated for 48 hours at 37°C, 5% CO2.
Following this, the 20 µL of MTT solution at 0.5 mg/mL
concentration was added to the individual well and incubated
for4 hours at 37°C, 5% CO2. Subsequently, the media was replaced
with 100 µL dimethyl sulfoxide in every well. The absorbance
was taken at 570 nm on a spectrophotometer (Sigma-Aldrich,
Germany).25

Cell Proliferation Assays
The evaluation of proliferation of SHEDs was done by using a Cell
Counting Kit-8 (CCK-8) (Sigma-Aldrich, St. Louis, Missouri, USA) at
24, 48, 72 hours, and 7th day as described previously.15 CCK-8 is a
colorimetric reaction-based assay that yields an orange formazan
dye to an extent that is directly proportional to the number of cells.
The cells at passage 3 of different concentrations of NAC (0.5, 1,
2.5, and 5 mM) and untreated cells as control group were seeded
into 96-well plates with minimum essential medium eagle-alpha
modification (α-MEM) at a density of 2 × 103 cells per well (two
replicates per group). Ten microliters of CCK-8 reagent (Dojindo,
Shanghai, China) was added to each well at 24, 48, 72 hours, and
7th day, and the cells were incubated at 37 °C.The proliferation rate
of SHEDs was calculated by the absorbance taken at 450 nm on a
spectrophotometer (Sigma-Aldrich, Germany).25

Osteogenic/Odontogenic Differentiation
The cells at passage 3 of different concentrations of NAC (0.5,
1, 2.5, and 5 mM) and untreated cells as control group were
exposed to an osteogenic induction medium composed of
α-MEM supplemented with 10% FBS, 100 IU/mL penicillin,
100 μg/mL streptomycin, 50 μg/mL L-ascorbic acid, 10 mM
β-glycerophosphate, 10 nM calcitriol (1α,25-dihydroxyvitamin
D3), and 10 nM dexamethasone (all from Sigma-Aldrich, USA).
The cells were incubated for 21 days, and the fresh media were
replaced every alternate day during this period.
To determine the osteogenic mineralization, after 21 days,
the cells were fixed with 4% paraformaldehyde followed by
staining for mineralization with 2% Alizarin Red S (pH, 4.1–4.3).
The quantitation of Alizarin Red S-stained osteoblasts was done
by dissolving stained cells in 4% NaOH, and the dissolved stain
was read spectrophotometrically at 450 nm (Sigma-Aldrich,
Germany). 25

Real-time PCR for the Analysis of Gene Expression
Total RNA was isolated from the cells of different concentrations of
NAC (0.5, 1, 2.5, and 5 mM) and untreated cells as control group by
using the TRIzol Reagent (Invitrogen, Thermo Fisher Scientific, USA).
884

Table1: List of primers
Gene
RUNX2
COL1A1
OCN
DSPP
DMP-1
ACTB

Forward primer
5′-GAC TGT GGT TAC CGT
CAT GGC-3′
5′-GAG GGC CAA GAC
GAA GAC ATC-3′
5′-CTC ACA CTC GCC CTA
TT-3′
5′-TGG AGC CAC AAA CAG
AAG CAA-3′
5′-GTG AGT GAG TCC AGG
GGA GAT AA-3′
5′-AGA GCT ACG AGC TGC
CTG AC-3′

Reverse primer
5′-ACT TGG TTT TTC ATA
ACA GCG GA-3′
5′-CAG ATC ACG TCA TCG
CAC AAC-3′
5′-TTG GAC ACA AAG GCT
GCA C-3′
5′-TCC AGC TAC TTG AGG
TCC ATC-3′
5′-TTT TGA GTG GGA GAG
TGT GTG C-3′
5′-AGC ACT GTG TTG GCG
TAC AG-3′

One microgram RNA was transcribed reversely by using the TAKARA
Reverse Transcriptase kit (TAKARA, Osaka, Japan) conferring to the
guidelines by the manufacturer. Quantitative analysis of genes
of interest [runt-related transcription factor 2 (RUNX2), collagen
type 1 (COL1), osteocalcin (OCN), DSPP, and DMP-1] was done by
using the SYBR Green PCR Master Mix on a real-time quantitative
reverse transcription-polymerase chain reaction(qRT-PCR) system.
Normalization of expressions of target genes to ß-actin was done
by using the ΔΔCt technique. The quantification of data was done
by using the 2 –ΔΔCt technique and shown as normalized relative
gene expression to that of the average Ct for the β-actin gene.
The list of the primers is in Table 1. Experiments were performed
in triplicate for each sample.25,26

Western Blot Analysis
The cells of different concentrations of NAC (0.5, 1, 2.5, and 5 mM)
and untreated cells as control group were lysed using lysis buffer,
and the lysates were centrifuged at 12,000 rpm for 15 minutes.
The supernatant was collected, and the protein content was
determined using the protein assay. SDS-PAGE sample buffer
was introduced to the lysates, and the lysates were heated to
100°C for 8 minutes. Of the total protein, 20 mg was loaded in
each well of a 10% SDS-PAGE gel (Bio-Rad, Munich, Germany).
Immunoreactive proteins were seen by using the ECLkit (Beyotime
Biotech, Shanghai, China). The gray value of protein bands was
calculated by image J software. 25

Statistical Analysis
All the data values were showed by the way of mean ± standard
deviation. Altogether, the respective experimental groups were
compared with a one-way analysis of variance test. p-value<0.05
and **p<0.01.

R e s u lts
Morphological Characteristics and Proliferation of
SHEDs
The morphological features of SHEDs isolated by the explant culture
technique were monitored under an inverted phase-contrast
microscope. SHEDs showed elongated spindle-shaped morphology
(Fig. 1A). Moreover, SHEDs demonstrated a good colony-forming
(clonogenic) ability (Fig. 1B) and 10 ± 1 hours of population doubling
time at passage 4 indicating its homogeneity (Fig. 1C).
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lineage markers) and HLA-DR (MHC class-II cell surface receptor)
was observed to be negative in all cultured SHEDs (Fig. 1D).

In Vitro Differentiation into Adipogenic, Osteogenic,
and Chondrogenic Lineages
Furthermore, the SHEDs from all the samples showed the ability
to differentiate into adipocytes, osteoblasts, and chondrocytes
(Fig. 1E), which is a characteristic property of multipotent MSCs
(Patil et al.24).

Treatment of SHEDs with Different Concentrations of
NAC
We treated SHEDs with different concentrations of NAC, and it
was evident that after 48 hours of treatment,a decrease in the
cell metabolites was observed by MTT assay (Fig. 2A). However, a
slightly higher dose of 1.0 mM showed a significant increase in cell
metabolism. The cell proliferation was found to be slower at a higher
concentration of NAC (5 mM) after 48 hours (Fig. 2B).
In our investigation, we assessed mineralization after
osteogenic induction with and without NAC (Fig. 2C). We observed
that the mineralization was more prominent and significantly
higher in the induced SHEDs treated with 1.0 mM concentration
of NAC (Fig. 2D).
In this investigation, mRNA levels of RUNX2, OCN, DSPP, and
DMP-1 were found to be upregulated in SHEDs induced with
1.0 mM NAC concentration. Conversely, there was no outcome
observed by NAC on the mRNA level of COL1 during the late stage
of the treatment (Fig. 3). However, remains unexplained the lower
expression of COL1 in the NAC-induced odontoblasts.
The protein expression of COL1, DSPP, and DMP-1 in the
SHEDs induced with different concentrations of NAC (0.5, 1, 2.5,
and 5 mM) and untreated cells as control group were assessed,
and the result showed the higher levels of protein expression
of COL1, DSPP, and DMP-1 in the SHEDs induced with NAC at
1.0 mM specified the progression of odontogenesis of the SHEDs
(Fig. 4).
The results of our investigation show that the effect of NAC
on SHEDs is dose-dependent. Also, the concentration of 1.0 mM
NAC showed higher cell proliferation and enhanced osteogenic
potential of cultured cells.

Discussion

Figs 1A to E: Isolation and characterization of SHEDs. (A) SHEDs at
passage 4; (B) DPSCs grew on monolayer and made CFU‑fibroblast;
(C) Growth curve analysis of DPSCs at passage 4; (D) Analysis by
flow cytometry of SHEDs for MSCs-specific cell surface markers; (E)
Differentiation of SHEDs into adipocytes, osteoblasts, and chondrocytes
(n = 5). Scale bar = 100 µm

Mesenchymal Stem Cell-specific Surface Markers
SHEDs expressed STRO-1 and CD106, which are MSC-specific surface
markers (Fig. 1B); however, the expression of CD34 (hematopoietic

For its uses in clinical therapeutic fields, a source of MSCs must be
easily available and accessible with high content of totipotent stem
cells. Dental pulp tissue attains all these criteria, hence preferred
for stem cell regenerative therapy.5,24,26
Cell therapies originate from biological sources, such as MSCs.
This biological seed material is then manipulated in a laboratory
to develop the cell therapy product. Despite their clinical
and commercial promise, novel cellular therapies are nascent
technologies that have not yet achieved widespread clinical utility
and commercial viability. Stem cells demonstrate lower cell survival
and amplified rate of cellular death either during cell differentiation
in a laboratory or after transplantation at the ischemic or damaged
tissue sites.Unavoidable production of ROS owing to continuous
oxidative stress throughout the differentiation process and in
ischemic or injured tissues is thought to be the main hurdle for the
success of stem cell therapy. NAC being a precursor of biological
antioxidant, GSH can function as a strong inhibitor of ROS. 27,28
Its effects on the differentiation of dental pulp SHEDs remain
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Figs 2A to D: Effect of NAC on the cell viability, proliferation, and
mineralized nodule formation in SHEDs. (A) MTT assay for the viability
of SHEDs after NAC treatment; (B) Effect of NAC on the proliferation of
SHEDs; (C) SHEDs were cultured in an osteogenic induction medium
for 21 days with and without the presence of NAC (2.5 mM); cells were
retreated every 2 days; mineralization was assessed by Alizarin Red S
staining (scale bar = 100 mm); (D) On the 21st day, the calcium content
was determined (n = 5). n.s., not significant, *p <0.05, **p <0.01. NAC,
N-acetylcysteine

unidentified. Hence, the investigation was intended to study the
effects of NAC on the propagation and differentiation of SHEDs.
In our study, the explant culture method was used for the
isolation of cells from SHED. The explant culture method was used
over the enzymatic digestion to avoid any chemical or mechanical

886

stress and the use of bacterial and xeno-derived products for clinical
utility for the isolation of cells.24
Upon isolation by explant culture, the cells showed a
resemblance to MSC-like morphological characteristics and
MSC-specific cell surface markers, an ideal source of MSCs for
clinical cellular therapeutic applications. The result demonstrated
that SHEDs bear a resemblance to MSC-like morphological
characteristics and MSC-specific cell surface markers.
NAC has therapeutic effects over a range of disorders like
chronic obstructive pulmonary disease, chronic bronchitis, cystic
fibrosis, heavy metal toxicity, and psychiatric/neurological disorders.
Being an N-acetyl derivative of the amino acid L-cysteine, NAC is
a GSH precursor that helps scavenge free radicals and bind metal
ions into complexes. 27 Since NAC possesses anti-inflammatory
activity by inhibition of nuclear factor kappa-light-chain-enhancer
of activated B cells, it has been used for regulating oxidative stress
and inflammation-related diseases.28,29
This property of regulating oxidative stress of NAC was used in
our study. With the aim to thwart cellular death caused by oxidative
stress during cellular differentiation, the cells were treated with
various concentrations of NAC. The addition of NAC has shown to
modify the progression of the cell cycle MSCs by downregulation
of inhibitors of CDK, and with the introduction of NAC, the cells
showed enhanced proliferation rate, hitherto reserved their
stemness properties and the differentiation potential. 30 The
results of our study showed that NAC does not affect the viability
and proliferation in SHEDs at lower concentrations of 0.1 mM.
Being totipotent cells, SHEDs can differentiate into odontoblast
lineages when a suitable induction medium is provided. 25,26
Odontoblasts cause dentinogenesis in which the formation of
dentin takes place in response to the synthesis of organic matrix and
the deposition of subsequent mineralized crystals in the matrix.31,32
This arrangement of dentin formation is alike to that of the bone,
which is also a mineralized connective tissue.25 In our investigation,
NAC-induced osteogenic differentiation in SHEDs shows enhanced
mineralization.
RUNX2, an important transcription factor, and master
regulator control the formation and development of bone and
teeth by the regulation of totipotent MSC differentiation into
odontoblastic lineages. 33 The upregulation of RUNX2 in our
study confirmed the odontoblastic differentiation process when
treated with NAC.
DSPP, which is synthesized highly by the odontoblastic cells, is
necessary for the development and calcification of the dentin matrix.34
Research has revealed that DSPP is associated with the mineralization
of reparation of dentin as well as bone.9,10 Hence,DSPP remains a
foremost characteristic marker for odontogenic differentiation. Also,
studies have shown the expression of DMP-1 during earlier osteogenic
differentiation. 25,26 Therefore, DSPP and DMP-1 are typically
designated as definite protein markers of odontogenic differentiation
to identify the odontogenic differentiation capability of SHEDs. In
our investigation, SHEDs induced with different concentrations of
NAC (0.5, 1, 2.5, and 5 mM) had different effects on cultured cells.
In other words, it can be stated the effect of NAC on SHEDs is dosedependent. Also, the concentration of 1.0 mM NAC showed higher
cell proliferation and enhanced osteogenic potential of cultured cells.
At 1.0 mM concentration, NAC triggered odontoblastic differentiation
by elevating the protein levels of DSPP and DMP-1. The observed
result could be attributed to decreased levels of oxidative stress in
cell cultures at 1.0 mM concentration of NAC.
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Figs 3A to E: Gene expression analysis of odontoblast-related genes in SHEDs. The analysis of mRNA expression of RUNX2, COL1, DSPP, DMP-1,
and OCN was carried out using qRT-PCR (n = 5). n.s., not significant, *p <0.05, **p <0.01. NAC, N-acetylcysteine

Previously published results also demonstrated that NAC in
concentrations of 0.1 and 1.0 mM increased the proliferation of MSCs
to the DTSCs culture at 21% O2, thereby enhancing their number
diminishing oxidative damage, changing enzymes activity, and
priming cells for osteo-chondrogenesis.22
Stem cells from tooth pulp have proven their significance
for utilization in a plethora of clinical uses. It is imperative to
investigate the factors that can modulate the biological behavior
of SHEDs.
This study enlightens the precedence of NAC for the usage of
SHEDs for research and clinical use. Therefore, we presented the
distinctive use of NAC as an efficient, reproducible, and biological
antioxidant of clinical utility, which may be preferred for obtaining
human dental pulp tissue-derived stem cells for tissue engineering
and regenerative medicine.
Analysis of previously published research underlines the
important role of NAC and the level of free oxygen radicals in the

differentiation process.22 Although a conclusion can be drawn from
our investigation that the effect of NAC on SHEDs is dose-dependent,
the possible underlining mechanism of its effect is unknown. Also,
the other limitation of the study is that we cannot elucidate the
reason for the negative effects of higher concentrations (2.5 and
5 mM) of NAC on induced SHEDs.

C o n c lu s i o n
In summary, to the best of our knowledge, this is the first study
revealing the pharmacological role of NAC in activating and
enhancing odontogenic differentiation of dental stem cells
increasing the expressions of the DSPP and DMP-1 proteins.
Although the specific role and mechanism of NAC in
the odontogenic differentiation of SHEDs require further
investigation, our findings extended the current knowledge on
the pharmacological role of NAC in the odontogenic differentiation
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Figs 4A and B: NAC upregulates protein expression of DSPP and DMP-1 in SHEDs. (A) Whole-cell extracts were evaluated by using the Western
blot method to decide the protein expression levels of DSPP, DMP-1, and COL1 in SHEDs; (B) The graphs show the ratios of band densities of DSPP,
DMP-1, and COL1 (n = 5). n.s., not significant, *p <0.05, **p <0.01. NAC, N-acetylcysteine

process of SHEDs and suggested additional in vivo experimentation
implemented utilizing novel animal models to validate the prospect
of impending clinical utility as well as amplify treatments for the
regeneration and repair of the dentin-pulp complex.
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