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ABSTRACT 
 
 The aim of this study was to isolate stem cells from human dental pulp stem cells (DPSCs) and to assess 
their osteogenic capability. DPSCs were isolated guided by their ability to adhere to plastic plates. After 
isolation osteogenic media was supplied comprising L-ascorbic acid, dexamethasone and β-glycerophosphate. 
The cells were maintained for three weeks. The evaluation of the osteogenic differentiation capability was 
performed using alizarin red stain and RT- PCR to analyze the mRNA level of osteoblastic differentiation 
marker genes; Osteocalcin and Bone Sialoprotien II. Stem cells were successfully isolated from the dental pulp. 
Colorimetric changes in response to Alizarin red stain indicating calcium crystals deposition and successful 
osteogenic differentiation of DPSCs were seen. The intensity of the colorimetric changes was very obvious. As 
for the RT-PCR performed; Bone Sialoprotien II and Osteocalcin genes were detected in the osteogenic plates 
only. Both genes were also detected on day 22 suggesting that the isolated cells are able to maintain their 
mineralization ability. This study demonstrated that stem cells can be isolated from the pulp of permanent teeth 
and also their ability to differentiate into osteogenic cells. Consequently, DPSCs may represent a suitable, 
accessible and potential alternative source for regenerative medicine and therapeutic applications. 
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Introduction 
 
 Stem cells (SCs) are undifferentiated cells capable of self-renewal and differentiation into multiple 
functional cell types. These cells are widely used in injury repair and tissue regeneration. Adult SCs have been 
isolated from a variety of tissues including bone marrow, brain, liver, lungs, breast, skin, skelet al muscles, hair 
follicles and teeth. Today, increasing evidence suggests that dental pulp stem cells can be isolated from adult 
human permanent teeth, and it has been demonstrated that these cells can produce in vitro dentin during 
inflammatory stimuli or mechanical injuries because of the existence of pre-odontoblastic cells in the pulp. 
Previous studies demonstrated that human dental pulp stem cells (DPSCs) (Gronthos et al., 2000) and those 
stem cells in human exfoliated deciduous teeth (SHED) (Miura et al., 2003) possess properties of high 
proliferative potential. The most striking feature of DPSCs is their ability to regenerate a dentin-pulp-like 
complex that is composed of mineralized matrix with tubules lined with odontoblasts, and fibrous tissue 
containing blood vessels in an arrangement similar to the dentin-pulp complex found in normal human teeth 
(Gronthos et al., 2000). Few studies have investigated the osteogenic potential of stem cells derived from dental 
pulp and periodontal ligaments (Gronthos et al. 2000; Miura et al. 2003; Seo et.al, 2004).Thus the aim of this 
research is to isolate stem cells from human adult dental pulp and to assess its osteogenic ability. 
 
Materials and Methods 
 
 Human dental pulp tissues were obtained from human sound third molars, indicated for extraction. Tooth 
sample collection and the growth of pulp cells followed protocols described previously (Gronthos et al. 2000; 
Park et al. 2004).Extraction of third molars from healthy patients (aged 16–26 years) was performed in the 
department of Oral Surgery at the National Research Centre clinics. The patients received chlorhexidine mouth 
rinse to reduce oral microbial flora prior to extraction. Extraction was as atraumatic as possible in complete 
aseptic condition. The freshly extracted molar was then grooved using a diamond stone at nearly the level of the 
cement enamel junction under sterile conditions using sterile saline coolant to facilitate later splitting.  The 
groove surrounded the whole crown till half the depth of dentin without exposing the pulp. The tooth was 
immediately placed in a sterile tube containing phosphate buffer solution (PBS) and transferred to the laboratory 
in less than 2 h. Using a sterile cement spatula under the laminar (safety cabinet), the crown was split and the 
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pulp was gently removed in sterilized conditions using sterile tweezers, a small excavator and K- files and then 
immediately placed in phosphate buffer serum (PBS). The specimens were washed in phosphate buffer serum 
(PBS) three times, the specimens were placed in a small plate and divided into small pieces 1mm3 using sterile 
scissors and surgical blades. The minced pieces were collected in sterile, labeled 1.5 ml eppindorf tubes to 
which, a digesting solution consisting of collagenase type I and dispase mixture, was added. Enzyme digestion 
was carried out according to Gronthos et al. (2000). The digested solution used was 3 mg/ml collagenase type I 
and 4 mg/ml dispase (Sigma, St. Louis, Mo., USA) for 30–60 min at 37°C. The digestive reaction was stopped 
by the addition of culture media. The tubes were centrifuged for 20 minutes at room temperature to obtain a cell 
pellet of pulp derived cells. The supernatant was discarded, and then the cells in the pellet were resuspended in 
complete culture media by successive pipeting. Single cell suspensions were obtained by passing the digested 
tissues through a 70–μm cell strainer (Becton/Dickinson, Franklin Lakes, N.J., USA). The strainer also ensured 
the removal of debris. The cells were then centrifuged in an eppindorf tube at 3000 rpm for 10 minutes. Again 
the cells in the pellet were resuspended in complete culture medium by successive pipeting. The cells were 
resuspended at density of 10.000 cells/cm2 in complete culture media containing alpha modified Eagle’s 
medium (αMEM) with L- glutamine,(Gibco, Invitrogen Life Technologies,USA) supplemented with 10 % fet al 
bovine serum, (Gibco, Invitrogen Life Technologies,USA), antibiotics;penicillin/streptomycin (Penicillin G100 
unit/ml and Sterptomycin 100 µg/ml) and finally antimycotic agent (Fungizone, 0.25 µg/ml) in sterile 25 cm2 
polysterine filter cap cell culture plates . The plates were labeled by cell type and date and incubated at 37°C in 
a humidified atmosphere of 5% CO2.The medium was changed once every four days. After 14 days the cells 
adherent to the plates reached 70 % confluence and were ready for passaging. For passaging, primary cell 
cultures of adherent cells were detached by treatment with a sterile solution of Trypsin/EDTA for 5–10 min at 
37°C in the incubator and shaken intermittently. The used trypsin was prepared with the dissolution of 2500 mg 
trypsin powder in 100 ml PBS solution and filtered onto 2 mm filters. Growth medium was added to inactivate 
the trypsin. The cells were then centrifuged at 200 rpm for 10 min, resuspended in 1 ml complete medium. The 
cell pellet was washed twice in PBS after which the pellet was resuspended and divided into two plates both 
followed by immersion in culture medium to increase cell numbers.  Thus the primary cell culture was 
propagated and expanded in repeated cell cultures. Cells were sub cultured every other week and growth 
medium was replaced every 3 days over a 10–1 4 day period. Cells of the third passage were used for assessing 
osteogenic differentiation when they reached 70% confluence level by culturing at different experimental 
conditions.In all conditions, cells were cultured in α-MEM containing FBS, penicillin-streptomycin and 
glutamax. Two groups were studied; Control group: This group was supplied with plane pulp media mentioned 
above and Osteogenic Media Group: In this group osteogenic media was supplied consisting of:  50 mg/ml L-
ascorbic acid (Sigma–Aldrich, UK), 10m M dexamethasone (Sigma–Aldrich,UK),  10 mM  β-glycerophosphate 
(Sigma–Aldrich, UK) The evaluation of osteogenic differentiation was carried out at the end of each week 
through: 
 
a)  Testing mineralization capacity of cultured cells:  
 
 Alizarin Red was used in a biochemical assay to determine the presence of calcific deposits inside cells of 
an osteogenic lineage. It is considered an early stage marker of matrix mineralization for in vitro culture. On the 
twelfth day the medium was carefully aspirated from each plate. The cells were rinsed twice with PBS and fixed 
in ice cold 70% ethanol for 60 min at room temperature. The fixative was carefully removed, and the cells were 
gently rinsed three times with distilled water. The water was aspirated followed by staining with Alizarin red 
stain (Sigma). A solution of 500µml to 1ml per plate was added to cover the plates for 20 min. The Alizarin Red 
solution was removed and the plates were washed four times with 1 ml distilled water. Aspiration was done after 
each wash. Finally 1 to 1.5 ml distilled water was added to each plate to prevent cells from drying.  The plates 
were monitored using inverted phase contrast microscope and digital micrographs were taken. The results were 
presented by descriptive analysis (Guan et al., 2011; Gay et al., 2007; Vitale-Brovarone et al., 2007; Huang et 
al., 2008). 
 
b) Reverse Transcriptase polymerase chain reaction (RT-PCR): 
 
 The total RNA was extracted from all groups of cells and RT-PCR was performed to analyze the mRNA 
level of osteoblastic differentiation marker genes; Osteocalcin and Bone Sialoprotien II. Gene detection was 
done through these steps; 1) RNA isolation, 2) synthesis of DNA and 3) DNA amplification. 
 

Gene 5 ‘ DNA sequence 3’ No of base pairs Product size 
Osteocalcin F:5‘ATGAGAGCCCTCACACTCCTC3‘ 

R:5‘ CGTAGAAGCGCCGATAGGC3‘ 
21 
19 

289 

Bone SialoprotienII F:5‘GCTCTAGAATGAAGACTGCTTTAATT3‘ 
R:5‘CGGGATCCTCACTGGTGGTGGTAG3‘ 

26 
24 

185 
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Results: 
 
 Following the isolation and culturing procedures, the human pulp cells were kept for 10-15 days before they 
began to attach to bottom of the culture dishes. The cells were either spindle-like or elongated reflecting 
undifferentiated state. Fig (1).Cells continued to proliferate and propagate until 70-80% of the dish area became 
covered with cells by day 16 (confluence 70-80%), indicating a high proliferative cell population in the dental 
pulp. Fig (2) Following confluence, the cells were passed successfully up to the third passage. Human dental 
pulp cells maintained their stellate-like appearance indicating an undifferentiated state in the conventional 
culture media.  Fig (3) 
 
1) Alizarin Red Stain: 
 
 On the 12th day of culture: cells cultured in ordinary basic culture media(control group) showed no changes 
in color after being stained with Alizarin Red stain indicating the absence of calcifications in the culture plates. 
Whereas in the Osteogenic media group colorimetric changes indicating calcium crystals deposition and 
successful osteogenic differentiation of DPSCs were seen. The intensity of the colorimetric changes was very 
obvious. Fig (4)On the 22nd  day of culture; the previous staining results day were maintained in the control 
group however in the osteogenic group, the calcium crystals staining became very clear and more powerful than 
on the twelfth day indicating progressive osteogenesis of cultured cells. Fig (5) 
 
2) RT-PCR: 
 
 Beta –actin gene was used as a house keeping gene to ensure reliability of isolated RN in all groups. Bone 
Sialoprotien II and Osteocalcin genes were detected in osteogenic plates on day 12but absent in the other plates. 
Both genes were also detected on day 22. 
 

 
Fig. 1: Photomicrograph showing isolated dental pulp stem cells. Cells morphology differs from stellate, spindle 

to mesenchymal –like appearance. (Original magnification). 
 

 
Fig. 2: Photomicrograph showing dental pulp stem cells at 70-80% confluence. (Original magnification). 



1412 
J. Appl. Sci. Res., 9(3): 1409-1414, 2013 

 

 
Fig. 3: Photomicrograph showing DPSCs at 24 days of cell culture. Cells appear spindle shaped reflecting 

undifferentiated state. 
 

 
 
Fig. 4: Photomicrograph showing orange to red calcific nodules formation in osteogenic plates after 12 days of 

Alizarin red stain. (Original magnification). 
 

 
Fig. 5: Photomicrograph showing orange to red calcific nodules formation in osteogenic plates after 22 days of 

Alizarin red stain.(original magnification x10). 
 
Discussion: 
 
 Stem cell biology has become an important field for the understanding of tissue regeneration and 
implementation of regenerative medicine. Dental-tissue derived MSC-like populations are among many other 
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stem cells residing in specialized tissues that have been isolated and characterized. The first type of dental stem 
cell was isolated from the human pulp tissue and termed ‘postnatal dental pulp stem cells’ (DPSCs) (Gronthos et 
al., 2000). Subsequently, 3 more types of dental-MSC-like populations were isolated and characterized: stem 
cells from exfoliated deciduous teeth (SHED) (Miura et al., 2003), periodontal ligament stem cells (PDLSCs) 
(Seo et al., 2004), and stem cells from apical papilla (SCAP) (Sonoyama et al., 2006, 2008). Dental stem cells 
display multidifferentiation potential, with the capacity to give rise to at least 3 distinct cell lineages: 
osteo/odontogenic, adipogenic, and neurogenic. In this study, we successfully isolated hDPSCs from extracted 
third molars. Cells isolated formed mineralized nodules. Combined with previous data (Batouli et al., 2003), 
these facts suggest that the dental pulp tissue contained stem cells capable of generating bone-like 
structures.Generally, two well-established isolation methods are applied when isolating dental pulp stem cells: 
the Outgrowth method (About et al., 2000) and the enzymatic digestion method (Gronthos et al., 2000). The 
first has been widely used by many investigators to study various aspects of pulp biology (Tsukamto et al., 
1992, Couble et al., 2000, Park et al 2004, About et al., 2001). These studies have shown that primary cell 
cultures of human pulp cells established via the outgrowth method can be induced to differentiate in vitro into 
cells of odontoblastic phenotype, characterized by polarized cell bodies and accumulation of mineralized 
nodules (Tsukamto et al., 1992, Couble et al., 2000).  On the other hand the enzymatic digestion method has 
been proposed as the method of choice for the isolation of dental tissue–derived MSCs of various origins (Miura 
et al., 2003, Gronthos et al., 2000, Seo et al., 2004, Sonoyama et al., 2004). This method has been found to give 
rise to pulp cells able to differentiate into osteo/odontoblastic lineages in vitro and to produce dentin–pulp 
complexes in vivo (Gronthos et al., 2000). In this study, the enzymatic digestion method was followed to yield 
DPSCs. From a morphological point of view, we have found that DPSCs cultures displayed a significant 
heterogeneity comprising different cell sizes and morphologies even within the same colonies. In addition, in 
cultures exposed to mineralization inductive conditions, by exposure to media containing L-ascorbic acid, 
dexamethasone and β-glycerophosphate. All of these supplements have been reported to play a significant role 
in the enhancement of extracellular mineralized matrix formation (Tanaka et al., 2004).However it has been 
argued that FBS concentration in the medium play an essential role in the mesenchymal stem cells’ 
differentiation.(Bakapoulou et al., 2010)Mineralized nodules can be detected by Alizarin Red S staining from 2 
to 8 weeks in human dental pulp cell calcified culture. (About et al.,2000; Gronthos et al., 2000; Alliot-Licht et 
al., 2001). In our study the deposits were sparsely scattered throughout the adherent layer as single mineralized 
zones. Our results also demonstrated earlier nodule formation presence at day 12 in the osteogenic group and at 
day 22 the intensity of orange-red staining were increased.  These results suggest that the isolated cells are able 
to maintain the mineralization ability. There are many factors that affect the time of mineralization, such as the 
isolation method, seeding density, and donor age (Mauth et al., 2007).Mineralization of induced DPSCs cultures 
was accompanied by an increasing expression of osteogenic differentiation markers, including Osteocalcin and 
Bone Sialoprotien II. Osteocalcin is produced by osteoblast itself while Bone Sialoprotien II coincides with de-
novo bone formation. 
 
Conclusion: 
 
 In summary, this study has demonstrated that dental pulp stem cells can be isolated from extracted third 
molars and can be induced to differentiate into osteoblast like cells with calcium nodules deposition using an 
ordinary osteogenic media consisting of L-ascorbic acid, dexamethasone and β-glycerophosphate. 
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