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ABSTRACT  

Background: Human dental pulp stem cells is a promising source of progenitor cells in 
regenerative medicine and bone tissue engineering. Aim: This study is aiming a to evaluate the effect 
of donor age on the proliferation rate and osteogenic potential of human dental pulp derived third 
molar mesenchymal stem cells, (hDP-MSCs), in vitro. Subject & Methods: MSCs were isolated 
successfully from Dental pulp third molars collected from two independent donors at the ages of 16 & 
50 years old. Growth curve and Population Doubling Time (PDT) were applied to explore the growth 
and proliferation rates. Alizarin Red staining was performed for osteogenic differentiation in vitro. 
Results: Growth curve and Population Doubling Time (PDT) demonstrated that DP-MSCs of young 
age donor has higher proliferation rate than that of older age donor. The alizarin red stain assay for the 
DP-MSCs derived from a younger donor showed a higher osteogenic differentiation potential than 
that from older age donor. Conclusions: Donor age impacts the proliferation rate and osteogenic 
differentiation potential of DP-MSCs derived from human third molar in in vitro cultures. The 
decreased proliferation rate and osteogenic potential of DP-MSCs due to older ages of the donors is 
crucial information that should be taken into consideration when using hDP-MSCs fin bones’ 
regenerative medicine. The hDP-MSCs demonstrated the property of lacking spontaneous 
differentiation into osteogenic lineage as previously identified with Amniotic Fluid derived postnatal 
stem cells. DP-MSCs osteogenic differentiation should be induced. 
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Introduction 

Human dental pulp stem cells (hDP-MSCs) are mesenchymal stem cells isolated from human 
dental pulp (Gronthos et al., 2000). MSCs from dental pulp (DP-MSCs) exhibited multi 
differentiation potential, with the capacity to produce at least three different cell lines: 
osteo/odontogenic, adipogenic, and neurogenic (Perry et al., 2008). DPMSCs represented a type of 
adult MSC population that possesses the properties of high proliferative potential, capacity for self-
renewal and multi-lineage differentiation in vitro (Akiyama et al., 2012; Gronthos et al., 2002). 

Human Dental Pulp Stem Cells (hDP-MSCs), in addition to its capacity to differentiate into 
various types of cells including the osteoblasts, have showed  promoted proliferation potential that 
were extendable to a quite number of passages which rank hDP-MSC as an attractive candidate in 
regenerative medicine and tissue engineering (Kern et al., 2006; Undale et al., 2009).  

Biological properties of human DP-MSCs were studied to examine the donor’s age relationship 
in terms of proliferation ability and differentiation potential. Previous investigators were able to 
extract human dental pulps from healthy adult donors in the age range of 16 to 66 years old. DP-
MSCs were isolated and cultured in osteogenic, neurogenic, or vasculogenic differentiation medium. 
Doubling time was used to evaluate their proliferation ability. The differentiation ability was 
evaluated by gene expression and morphological analyses for the tissue-specific markers. The results 
confirmed a well-defined proliferative ability for each donor age group at the early in vitro passage 
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(p2), however DP-MSCs from younger donors (up to 35 years old) maintained their ability 
proliferating in long-term cultures (up to p8). Importantly, DP-MSCs of all donor ages was considered 
to be an effective tool for bone tissue regeneration when mixed with 3D nanostructured scaffolds 
(Bressan et al., 2012). 

In this study, we have isolated human MSCs (hMSCs) from dental pulp of third molars 
collected from two different age donors aiming to evaluate the effect of donor-age on the proliferation 
capacity and osteogenic potential of such promising source of adult stem cells.  

 
Subjects & Methods 

Mesenchymal stem cells were isolated from human Dental pulp. Dental pulp third molar tooth 
were collected from healthy subjects at ages of 16 & 50 years old (n=2) (table. 1). Human dental pulp 
tissues obtained with informed consent from healthy human who were under orthodontic treatment in 
the dental clinic at National Research Centre. The study was approved by the Ethics Committee of the 
NRC. 

  
Table 1:  Cells Numbers of the two donors 
Sample No. Age. Gender Cells 

1 16 years Female 160 X 103 cells 
2 50 years Male 85 X 103 cells 

 
Isolation of Dental Pulp-derived Mesenchymal Stem Cells 

Dental pulp samples were isolated by collagenase/dispase enzymatic digestion method (Miura 
et al., 2003). Human dental pulps were extracted from healthy third molar teeth (Fig. 1) following the 
mechanical fracturing, dental pulp was obtained by means of a dentinal excavator, the pulp was gently 
removed and immersed for 1 h at 37ºC in a digestive solution: enzyme type I collagenase (3 mg/ml) 
and dispase (4 mg/ml) at 37ºC then centrifuged at 1000 r/min for 10 minutes. Cells were collected and 
cultured in alpha minimal essential medium (α-MEM; Gibco BRL, Life Technologies B.V., Breda, 
Netherlands) containing 10% fetal bovine serum (FBS; Gibco ERL), 100 U/ml penicillin (Gibco 
ERL), and 100 U/ml streptomycin (Gibco ERL) in an incubator at 37°C under standard conditions 
with 5% CO2. Cells at the third passage have been used for the osteogenic induction experiment.  

 

 

Fig. 1: The third molar tooth at the stage of root development used for cell culture of extracted dental 
pulp (DP-MSCs). A) human healthy third molar tooth, (B) showed extracted dental pulp tissue. 

 
Stem cell culture and expansion by adherent properties 

Cells were cultured in α-MEM media (Lonza) containing 20% FBS (Lonza), glutamax 
(Invitrogen), penicillin-streptomycin (Lonza) and bFGF (Sigma).  

 
Culture Expansion: 

Human MSC primary culture when reached nearly 80% confluence, were undergone the first  
passage using manual scraping technique using cell scraper (Corning incorporated, Costar, Mexico), 
followed by centrifugation and re-suspension in the complete medium then re-seeding of cells. 
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Cell growth and proliferation assessment 
 
Growth curve 

Growth curves were plotted for both DP-MSCs donors’ cultures at passage 3, cultures were 
plated at 4500 cells / well. The culture plates were maintained in the incubator until confluency. 
During the culture period some of the culture wells were mechanically detached. The cell number was 
detected every 2 days using a hemocytometer as previously described (Eslaminejad et al., 2010).  

 
Population Doubling Time (PDT) 

The expansion rate of the DP-MSCs obtained from the two samples was compared applying 
the PDT: the time required by the cells to double their population number within the specific culture 
period. The cell cultures at passage 3 of the two samples were plated at 4500 cells/well in basic 
proliferations media. The cultures were incubated till one of them reached confluency, at that time 
both cultures were terminated and subjected to hemocytometer count [in this experiment this time 
period was 12 days (288 hrs.)]. PDT is calculated according to the formulae, PDT=CT/PDN, where 
CT is the standard culture time and PDN is the population doubling number. PDN were calculated by 
the formula, PDN= log (N1/N0) ×3.31. In this equation N1 is the harvested cell number at the end of 
culture period, N0 the initial cell number at the start of culture period (Sessarego et al., 2008). 

 
Differentiation of stem cells into bone forming cells 

Differentiation of stem cells into bone forming cells: Human MSCs at passage three were 
used for osteogenic differentiation when reached 70% confluency by culturing in DMEM containing 
20% FBS, 100 µg/ml penicillin & streptomycin and 1% glutamax, L-ascorbic acid 2-phosphate, β-
glycerol phosphate and dexamethasone (Zhang et al., 2007). A comparable control culture (in 
proliferation media) was generated for each sample. Two simultaneous similar sets were generated at 
the same time; one set (plates in differentiation media and plates in proliferation media) was kept in 
corresponding culture media for 14 days before being passed into the characterization protocols. The 
second set (plates in differentiation media and plates in proliferation media) was kept in its culture 
media for 29 days before characterization. 

 
Characterization protocol for osteogenic differentiated cells 

Characterization of osteogenic differentiation was done using Alizarin Red staining, Alizarin 
red S (Sigma) staining for detection of mineralized nodules in the differentiated cultures was done 
according to the manufacturer’s instructions. 
according to the following plan: Cultures maintained in osteogenic and control media for 14 days 
were used for early alizarin staining, whereas the second similar set remained in its corresponding 
media (osteogenic and control media) for 29 days were used for late alizarin staining. 
 
Alizarin Red staining 

Alizarin Red staining, plates’ monolayers were washed three times with PBS and fixed in 
70% ethanol at room temperature for one hour. Monolayers were then washed three times with dH2O 
before addition of 1.3 g% Alizarin Red S (Sigma) (pH 4.2). The plates were incubated at 37ºc for one 
hour with gentle shaking. After aspiration of the unincorporated dye, the plates were washed with 
dH2O till no color gets back. The plates were then washed with PBS for 5 min. Distal H2O was added 
to the plate to prevent cell dryness and the plates become ready for visual inspection using an inverted 
microscope where calcium deposits were stained orange-red (Tsukamoto et al., 1992). 

 
Results 
 
Proliferative potential and morphological criteria of hDP-MSCs  

Human mesenchymal stem cells were isolated from two dental pulps of different age donors; 
16 Yrs. old and 50 Yrs. old and cultured in regular proliferation media. The morphological 
characteristics during the expansion /proliferation phase of DP-MSCs of the two donors are shown in 
(Fig. 2A-E) and (Fig. 2F-J), respectively. The original cell count for DP-MSCs from the younger age 
donor was 160 X 103 cells while that from older age was 85 X 103 cells (Table 1). 
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The growing cells of DP-MSCs’ primary culture started to appear after 7-10 days at the 
peripheral colonies (Fig. 2 A and 2 F) which increased in size by time toward the center and fused 
together forming a confluent monolayer of typical elongated fibroblast like cells (Fig. 2 B and 2 G). 
The dominant morphology of the cultured cells in subsequent passages and expansion was the typical 
spindle mesenchymal stem cell morphology (Fig. 2). The DP-MSCs of younger age donor showed 
higher proliferation capacity (Fig. 1 C) than that of the older donor (Fig. 1 H) at the first Passage (P1). 
At subsequent passages, second (P2) and third Passages (P3) DP-MSCs from both age donors showed 
almost the same behavior; (Fig. 1 D and 1 E) and (Fig. 1 I and 1 J), respectively. 

 

Fig. 2: The proliferation and the morphological characteristics of DP-MSCs derived from 16 and 50 yrs. old 
donors (A-E) during the expansion phase: DP-MSCs culture at different passages.  (A, B) P0 at days 7, 17 
respectively. (C)  P1, day 22, (D) P2, days 25, and (E) P3, days 30. 50 yrs. old donor (F-J) during the expansion 
phase: DP-MSCs culture at different passages. (F, G) P0 at days 6, 20days, respectively. (H)  P1, at days 23, (I) 
P2, days 31, and (J) P3, days 36. X100 magnifications 
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Evaluation of proliferation rate for DP-MSCs 
 
Growth curve 

Growth curves for DP-MSC cultures, derived from two independent  donors at the ages of 16 
yrs. and 50 yrs old were blotted at passage 3 (P3) (Fig. 3). As per the blotted growth curve, the 
younger age donor cells reached plateau sooner than the older age cells. Both cells exhibited a lag 
time of a few days in culture (Fig. 3).  

 

Fig. 3: Growth curves for DP-MSC cultures, derived from two different age donors, at passage 3 (P3). 
According to the growth curve at P3, younger age donor cells reached plateau sooner than older age donor cells. 
Both cells exhibited a lag time of a few days in culture.  

 
Population Doubling Time (PDT) 
 

Population Doubling Time (PDT) is used to evaluate the ability of the cells to duplicate in 
number, a direct marker of the proliferative ability of the cells. In this study, we analyzed the PDT of 
DP-MSCs cultured in proliferation growth medium. PDT was calculated for both samples at passage 
P3 (Table 2). Differences in the proliferation and expansion rate was observed between the two 
samples: DP-MSCs derived from young donor tended to double their number in 37 hours however the 
PDT for cells derived from the old donor was 39 hrs in the culture period of 12 days (288 hrs). This 
observation has confirmed the age’s impact on pulp derived MSCs. The DP-MSCs derived from the 
young donor showed a rapid proliferation rate than that derived from the old donor. 

 
Table 2:  PDT for DP-MSCs through proliferation and expansion phase. 

 

 
Population doubling 

time in hours 
(PDT) = CT / PDN 

 
Culture 
time in 
hours 
(CT) 

 
Population 

doubling number 
(PDN) = 

Log (Ni / N0) X 
3.31 

 
Number of 
harvested 

cells 
(Ni) 

 
Number of 
seeded cells 

(N0) 

 
Age 

donor 

 
Passage 

No. 

37 288 7.7 950 X 103 4.5 X103 16 Y. P3 
 39 288 7.35 750 X 103 4.5 X 103 50 Y.  
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Fig. 4: Histogram for cell proliferation in hours/PDT in hours of DP-MSCs. DP-MSCs of young age donor 
tended to have a shorter PDT value (37 hours) compared to the older age donor cells (39 hours) at passage P3. 

 
Osteogenic induction Results 
  
Evaluation of osteogenic differentiation potential of DP-MSCs 

Alizarin red staining assay (ARS) was performed as a well-established biochemical analysis for 
detection of calcium deposits, which were produced as a result of the osteogenic differentiation of the 
induced DP-MSCs. The calcium deposits chelate with alizarin forming an alizarin red S–calcium 
complex which was detected as areas of orange red staining.  

Osteogenic differentiation of DP-MSCs after 14 days in osteogenic differentiation media (Fig. 
5) 

Osteogenic media was applied for DP-MSCs from both age donors at passage 3 when reach 75-
80% confluent Cells. There were three sets of plates, one set, in which, cells continue in proliferation 
in mesenchymal growth media (control), two sets in which, cells cultured under osteogenic media, 
cultures extended for two time intervals; 14 and 29 days.  

Characterization of mineralization nodules were performed by alizarin red staining (ARS) assay 
for DP-MSCs from both age donors at two time intervals; 14 & 28 days after osteogenic induction 
(Figure 5) and (Figure 6) respectively.  

There was no mineralization nodules formation detected on day 14 of osteogenic induction for 
DP-MSCs derived from both donors; the young and the older as well as the control (Fig. 5A, B) and 
(Fig. 5C, D) respectively.  
 
Osteogenic differentiation of DP-MSCs after 28 days in osteogenic differentiation media (Fig. 6) 

There were multiple stained spots varied in their intensity and scattering obviously detected 
throughout the osteogenic fields for DP-MSCs after 28 days in osteogenic media (Figure 6). There 
were no mineralization nodule or Alizarin Staining detected in the control plates of DP-MSCs at both 
ages; young and older (Fig. 6 A, D), respectively. There were mineralization nodule formation and 
strong Alizarin staining in DP-MSCs from young age donor in the central of the field (Fig. 6 B) and 
increased in intensity at the periphery (Fig. 6 C). On the other side, there is a weak Alizarin staining 
for DP-MSCs of the older age donor in the central of the field (Fig. 6 E) and moderate staining at the 
periphery (Fig. 6 F). 
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Fig. 5: Osteogenic differentiation of DP-MSCs after14 days.  For DP-MSCs from 16 yrs. donor no staining in 
control (A) and osteogenic (B), the same for DP-MSCs from 50 yrs. donor (C) and (D). 

 

Fig. 6: Osteogenic differentiation of DP-MSCs after 28 days.  DP-MSCs from 16 yrs. donor, (A) control, (B) 
osteogenic central of the plate, (C) peripheral side of the plate. DP-MSCs from 50 yrs. donor, (D) control, no 
staining, (E) no stain centrally, (F) moderate stain was detected to peripheries.  
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Discussion 
 

 Dental pulp tissue originated from ectomesenchyme of cranial neural crest. The cranial neural 
crest, during development, gives rise predominantly to facial bones and cartilages. It was found that 
DP-MSCs successfully differentiate into osteoblasts in vitro (Karbanova et al., 2010).  

DP-MSCs were isolated and expanded in media contain animal serum or exogenous growth 
factors and still have their pulp regenerative properties. These observations are significant for further 
development of clinical protocols using DP-MSCs in cell therapies (Piva et al., 2017). 

In this study, Dental pulp tissues extracted from permanent third molars teeth were used as the 
source for adult mesenchymal stem cells (DP-MSCs). The isolated DP-MSCs were showed to present 
populations of highly proliferative, clonogenic fibroblast-like cells, capable of differentiation into 
osteoblast-like cells, when grown in a suitable osteogenic differentiation media, producing 
mineralized extracellular matrix. 

The individual’s impact on the osteogenic response of stem cells is multifactorial involving the 
donor related factors of age and general health. The osteogenic potential of human MSCs was 
previously correlated to the subjects’ age by Zhou et al. 2008, Zhou et al., 2008). The culture 
conditions also reported to influence the osteogenic differentiation potential (Bakopoulou et al., 
2011), as well as the heterogeneous patterns of cells confluency on osteogenic-induction, the 
attachment of cells to the culture surface and the osteogenic media exchange rate (Shafiee et al., 
2011). 

The osteoblastic phenotype was evaluated for calcium deposition by alizarin staining which 
chelated mineral nodules forming orange red spots. In the present study, the mineralization was 
positive in the osteogenic cultures indicating osteogenic differentiation and was absent in the control 
cultures indicating lack of spontaneous osteogenic differentiation. The weak staining patterns at the 
early time point (the 14th day of osteogenic incubation) may indicate a delayed osteogenic 
differentiation response, and the intense staining patterns at different parts of the osteogenic field 
(centrally and peripherally), at the late time point (the 28th day of induction) can be attributed to 
individual variabilities.  

Growth curve and Population Doubling Time (PDT) were performed to evaluate the 
proliferation potential and expansion rate of DP-MSCs cells. Analysis of growth curves of DP-MSCs 
derived from the third molars of the two different age donor showed different growth patterns: a lag 
phase, a period after plating required for initiation the proliferation, followed by a log phase, 
reflecting continuous increase in the proliferative potential, then a plateau phase that achieved when 
reaching the high confluence of the condensed layer of firmly attached coherent cells. The lag phase is 
considered to be the adaptation phase to culture conditions (Eslaminejad et al., 2010). The DP-MSCs 
derived from young donor took 37 hrs for PDT and reached the plateau stage faster than the cells 
derived from the old age donor that took 39 hrs, which was still in the log phase. Also, both cells 
exhibited a lag time of a few days in culture. 

 Cell proliferation is switched off in the dense cells’ culture as a result of down regulation of 
cell growth cycle by cell-cell alignment at small distances (Hoffmann et al., 2011). Accordingly, the 
cultured cells at high confluence displayed a plateau stage with a steady phase of cell numbers in the 
proliferative potential, showed in the growth curves (Fig. 3).  

DP-MSCs cultures were reported to survive and be passaged for more than 80 passages without 
clear signs of senescence (Laino et al., 2005; Laino et al., 2006; Patil et al., 2018). For a future study, 
increasing the sample’s size involving subjects of variable age groups and of both genders as well as 
studying the differentiation potential of DP-MSCs into the other cell lineages will advance our 
knowledge about the role of DP-MSCs in personalized and regenerative medicine. 

In conclusion, age of the hDP-MSCs’ donor has a potential negative impact decreasing the 
proliferation rate and the osteogenic differentiation in in vitro system. This is of crucial importance 
for the anticipated healing effects in the in vivo implantation.  
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