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FIGURE 1.  Morphology of mice DPSCs after isolation by enzyme digestion (DPSCs-ED) and outgrowth (DPSCs-OG) method 
(Magnification 100 µm): (a) Single cell formation at day 1 after isolation (DPSCs-ED); (b) Subconfluent mice DPSCs-ED showed a 
heterogeneous population of cells after 2 weeks of culture; (c) Confluent mice DPSCs-ED after 3 weeks of isolation; (d) The population 
of cells migrating out of pulp fragment after 5 days of isolation with (DPSCs-OG); (e) Subconfluent mice DPSCs-OG after 3 weeks of 

culture; and (f) Confluent mice DPSCs-OG within 5-6 weeks after isolation

(a) (b) (c)

(d) (e) (f)

FIGURE 2.  Morphology of mice DPSCs up to their confluency (Magnification 100 µm and 200 µm): (a and e) DPSCs-ED and DPSCs-
OG after subculture; (b and e) Sub-confluent in which both cells exhibited fibroblast-like morphology; and (c and f) Confluent mice 

DPSCs-ED and DPSCs-OG

(a) (b) (c)

(d) (e) (f)
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FIGURE 3. Proliferation curve determined by MTT assay. Cells growth curve was applied to the absorbance at 570 nm on an ELISA 
microplate reader. Cells isolated by enzyme digestion (DPSCs-ED) has higher absorbance values compared to outgrowth method 

(DPSCs-OG) 

All data represent the mean ± SD. Statistical analysis was conducted by t-test for comparison of proliferation from day 0 to 21 between cells isolated 
by two different methods (p<0.05, n=3). Statistical results demonstrate a significant difference (*) between mice DPSCs-ED and DPSCs-OG at day 
9 and 21 (p<0.05, n=3)

FIGURE 4.  Alkaline phosphatase (ALP) profile for mice DPSCs isolated from two different methods. DPSCs-ED + DF, mice DPSCs 
isolated by enzyme digestion with the addition of differentiation factors; DPSCs-OG + DF, mice DPSCs isolated by outgrowth method 

with the addition of differentiation factors 

Statistical analysis was conducted using a t-test for comparison of ALP activity from day 0 to 21 for cells isolated by two different methods (p<0.05, 
n=3). Comparison of data between differentiated cells isolated by enzyme digestion and outgrowth method showed a significant difference on day 3, 
6, 9, 12, 15, 18 and 21 compared to control (day 0) while no significant different of ALP activity found between these two methods
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Discussion

The advancement of stem cell research has led the stem 
cell community to question the best method to produce 
numerous functional undamaged mesenchymal stem 
cells. One major issue is the standard isolation methods 
for DPSCs as it can affect the differentiation potential of 
DPSCs. The present study aimed to address several issues 
regarding isolation method of mice DPSCs and its effect 
on the quality of cell extracted. Yildirim (2013) suggested 
two most applied isolation methods for DPSCs, enzyme 
digestion and outgrowth method. Extracted dental pulp 
is subjected to digestion by collagenase 1A to obtained 
single cells suspension or embedded in culture media 
which supply nutrient to the cells resulting in the cells 
migrated out of the tissues. Collagenase 1A was used 
alone to digest pulp tissue as it is the major organic 
component in dental pulp (Yildirim 2013). Huang et al. 
(2006) reported the convenience of using outgrowth 
method during isolation of cells but required more time to 
allow an adequate number of cells to completely migrate 
out of tissue nevertheless enzyme digestion is technically 
challenging with some degree of cells damage but release 
all cells from tissue. We found that the cellular morphology 
of mice DPSCs after initial plating was different based 
on the isolation method applied. Enzymatic digestion 
seemed to produce a more heterogeneous population of 
cells with the presence of some cuboidal and polygonal 
cells. Previously, Bakopoulou et al. (2011) reported an 
observation of DPSCs derived from human deciduous teeth 
(SHED) and support earlier reports that enzyme digestion 
not only allows the isolation of fibroblast-like cells but 
release of endothelial cells and pericytes. In contrast, 
outgrowth method yields a more homogeneous population 
of fibroblast-like cells that migrate out of pulp tissues 
leaving remaining cells to disintegrate within the tissue 
(Ellerström et al. 2010; Gronthos et al. 2002; Huang et al. 
2006). However, the population of cells becomes uniform 
in the subsequent passage in which elongated fibroblast-
like cells were observed in both cultures. Cells with 
fibroblast-like morphology observed at passage 4 in this 
study demonstrate that both isolation methods capable of 
producing cells with the characterization of mesenchymal 
stem cells as previously reported by Dominici et al. (2006) 
and Huang et al. (2006).

Through this study, significant different could be 
observed on the proliferation ability of mice DPSCs in 
favor of enzyme digestion method. Cells isolated from 
outgrowth method proliferate twice slower compared to 
those obtained by enzyme digestion. A similar observation 
was supported by a study conducted by Huang et al. 
(2006) in which both methods were comparatively used 
for the isolation of DPSCs and were found to give rise to 
a population of cells at the different rate in which higher 
in enzyme digestion method. Different in proliferation 
ability observed is because of enzyme digestion capable 
of releasing all cells present in the dental pulp during 
isolation while outgrowth permitting only migrated cells 
to adhere and proliferate whereas non-migrating cells 
disintegrate within the tissue (Bakopoulou et al. 2011; 

Huang et al. 2006). Therefore, it is highly possible that 
slower proliferation observed during outgrowth method 
due to only a part of the whole cells population present in 
the dental pulp migrating out and capable of proliferating 
during culture.

The osteogenic differentiation of DPSCs-ED and 
DPSCs-OG had a similar outcome in both cell types. 
Usually, osteoblast differentiation factors of mesenchymal 
stem cells derived from bone marrow and dental 
pulp involve the combination of ascorbic acid and 
β-glycerophosphate (Huang et al. 2004; Kermani et al. 
2014; Seo et al. 2004). Ascorbic acid plays a vital role to 
maintain and expand mesenchymal differentiation ability 
as well as reserve proliferation ability without damaging 
the cells phenotypes, meanwhile β-glycerophosphate 
function as a phosphate donor to induce mineralization 
within the matrix during formation of osteoblast cells 
(Kermani et al. 2014). These differentiation factors 
were used throughout this study to induce osteoblast 
differentiation in mice DPSCs isolated from both methods. 
Moreover, mesenchymal stem cells cultured in osteogenic 
media express marker known as alkaline phosphatase 
(ALP) which responsible for laying down the mineral 
and matrix during new bone formation by increasing 
the local concentration of inorganic phosphate as 
mineralization promoter and to decrease the concentration 
of extracellular pyrophosphate which is an inhibitor of 
mineral formation (Birmingham et al. 2012; Golub & 
Boesze-Battaglia 2007). In this study, investigation of 
ALP activity of mice DPSCs-ED and DPSCs-OG showed 
statistically significantly different (p<0.05) on day 3, 6, 9, 
12, 15, 18 and 21 between cells under osteoblast induction 
and the control group. However, no significant difference 
(p<0.05) could be observed in ALP activity between 
DPSCs-ED and DPSCs-OG, except for an increase of enzyme 
activity of DPSCs-ED on day 9, 12, 15 and 18 as compared 
to DPSCs-OG. Studies by Raouf and Seth (2002) and 
Thomas et al. (2002) shown that osteogenic differentiation 
stimulates ALP expression occurring between 11 and 25 
day meanwhile Nourbakhsh et al. (2008) who study 
on osteoblast differentiation of SHED implied that ALP 
activity increased after three weeks of stimulation. These 
results are consistent with those of previous studies 
that mice DPSCs establishes via enzyme digestion, and 
outgrowth method can be induced to differentiate into 
cells of osteoblastic-type within 21 days of analysis. Even 
though significant differences (p<0.05) in ALP activity 
between these two methods could be observed on certain 
days only, enzyme digestion promotes a better potential 
for cells to differentiate into osteoblast compared to  
outgrowth method.

Conclusion

Overall, this study found that cells isolated from 
both methods showed a capability to proliferate and 
differentiate into osteoblast under appropriate induction. 
There is a significant difference between the cells 
isolated from enzyme digestion compare to outgrowth 
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method with regard to proliferation and osteoblast 
differentiation which is mice DPSCs isolated by enzyme 
digestion show high proliferation ability and ALP 
activity when induce to differentiate into osteoblast. 
The results of this study suggest that it is preferable to 
use enzyme digestion during isolation of mice DPSCs 
as it is faster, consistent and predictable compared to  
outgrowth method. 
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