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INTRODUCTION 

The dental pulp is a mesenchymal connective 
tissue situated in a cavity in the central area of the 
tooth – the pulp chamber (cavum dentis) and includes 

the coronal cavity (cavum coronale) and continues 

in the roots of the teeth with the radicular channel 

(canalis radicis dentis); they communicate with the 

external environment at the apex level through the 
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ABSTRACT
Background: Aging is a complex natural process including every molecule, cell and organ in 

the body. In its broadest mean, aging refers to changes that occur during the life span. Some of these 
changes are not harmful while other increase the risk of diseases.

Aim: The purpose of the current study was to investigate the histological and immunohisto-
chemical effects of bone marrow derived stem cells on age changes of pulp in albino rats.

Material and methods:  Forty five (fifteen adults aging six months and thirty olds aging fifteen 
months) male albino rats were divided into three equal groups. Group I (Adult group) that get 
infused with saline intravenously to serve as control group, group II (old age group)  which also 
get  infused with saline intravenously and group III (old age injected by stem cells). The source of 
stem cells was from  additional fifteen albino rats six weeks old which will be used for isolation and 
culture of bone marrow stem cells.

Results: Old age group revealed sever histological alterations and negative Ki67 expression  
compared to control group while old group injected by stem cells revealed histological 
reorganizations of the pulp cells and mild to moderate Ki67 expression that was nearly similar to 
control group.

Conclusion: Intravenous injection of bone marrow mesenchymal stem cells improved the 
histological features of the pulp compared to old group and also it had a positive proliferating effect 
by the enhanced expression of Ki67.     
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apical foramen (foramen apices dentis) Bratu D., 
Românu M (1998). The expression “growing long 
in the tooth” has been ubiquitously used to describe 
the process of getting old. However, changes occur 
naturally in the mouth with altered function and 
time. Teeth in healthy aging exhibit change in both 
visual appearance and molecular makeup. The pulp 
exhibits numerous age changes such as decreases 
in its reparative capabilities (Murray PE, Stanley 
HR, Matthews JB, et al 2002).  The pulpal blood 
flow declines in older adults due to a decrease in the 
number of blood vessels and an increase in calcified 
tissues in tooth pulp (Ikawa M, Komatsu H, Ikawa 
K, et al 2003). In addition, magnetic resonance 
imaging (MRI) findings suggest a decline in pulp 
signal intensity (Kress B, Buhl Y, Hahnel S, et 
al. 2007). The results of these physiologic changes 
along with increased dentinal thickness decrease 
pulpal resiliency and its ability to sense insult, so 
that one of most important point is to try to  treat 
and minimize these age changes and maintain the 
normal pulp vitality. 

In recent year, there has been continuing interest 
in both the biology and potential therapeutic 
applications of the adult stem like cells from bone 
marrow, referred to as either mesenchymal stem cells 
or marrow stromal cells (MSCs) (Caplan AI. 2003, 
Colter DC, Sekiya I, Prockop DJ.2001). Stemness 
is the capability of undifferentiated cells to undergo 
an indefinite number of replications (self-renewal) 
and give rise to specialized cells (differentiation). 
Therefore, stem cells differ from other types of cells 
in the body because they are capable of sustaining 
self-renewal, are unspecialized, and can give rise 
to differentiated cell types. Differentiation can 
be recognized by a change in the morphology of 
the cell and by the detection of tissue-specific 
proteins (Weissman IL 2002). Mesenchymal stem 
cells (MSCs) are classically defined as adherent, 
non-hematopoietic cells expressing the surface 
markers CD90, CD105, and CD73, and lacking 
the expression of CD14, CD34, and CD45. The 

cells also have the capacity to differentiate into 
adipocytes, chondrocytes and osteocytes in vitro 
after treatment with differentiation inducing agents 
(Prockop DJ 1997). Although early studies in the 
late 1960s initially identified MSCs in the bone 
marrow (Friedenstein AJ et al., 1968) more recent 
studies have reported these cells can be purified 
from various tissues such as adipose (Zannettino 
ACW et al. 2008), heart (Hoogduijn MJ. et al., 
2007),  dental pulp ( Jo YY.2007),  peripheral blood 
(He Q, Wan C, Li G 2007) and more recently 
menstrual blood (Hida N et al., 2008 and Patel 
AN et al., 2008) and chorionic villi (Yang ZX, et 
al.,  2013). MSCs from human and rat bone marrow 
have been the most extensively characterized, in 
part because they are relatively easy to isolate by 
their adherence to plastic and can be extensively 
expanded in culture. Also, the human and rat MSCs 
can differentiate into multiple cell phenotypes, 
including bone, fat, cartilage, muscle, epithelium, 
and early neural progenitors  (Javazon E et al., 
2001 and Sekiya I et al., 2002). Bone marrow–
derived cells (BMCs) have been suggested as an 
easy, accessible source for multipotent stem cells 
that could potentially transdifferentiate and/or 
repair other non hematopoietic organs (Lagasse, E. 
et al., 2000, Nishida, M.et al., 2004 and  Couzin, 
J. 2006). By culturing, they may be expanded many 
fold to provide nearly unlimited starting material for 
cellular therapeutic applications. Mesenchymal bone 
marrow stem cells (MBM-SCs) can also be isolated 
by means of minimally invasive procedures from 
BM, requires only a small amount of tissue from the 
patient and this approach can restore bone defects 
without incurring donor site morbidity (Pittenger 
MF, Mosca JD, Mcintosh KR. 2000,  and Jäger M. 
et al., 2009). As regarding immunohistochemistry, 
Scholzen and Gerdens 2000 claimed  that the Ki67 
antigen is a classic marker of cellular proliferation 
and has found wide spread application in diagnostic, 
research and  drug discovery applications. Ki67  
antigen is preferentially expressed during late  
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G 1, S, G 2 and M phase of cell cycle, while resting 
non cycling cells (G 0 phase) lack Ki67 expression. 
Thus Ki67 is commonly used as a proliferating 
marker. Because of the lack of any consensus 
among the researchers, further studies are necessary 
to elucidate the relation between the bone marrow 
mesenchymal stem cell and aging. Therefore, in the 
present study we aimed to investigate the effects of 
bone marrow mesenchymal stem cell histologically 
and immunohistochemically on age changes of the  
pulp  in rats.   

MATERIALS AND METHODS

Forty five (fifteen adults aging six months and 
thirty olds aging fifteen months) male albino rats, 
weighing 100-150 grams each, will be obtained   
from the “Animal Research center” Faculty of 
medicine, Cairo University, will be used in the 
study. The rats will be housed in specially designed 
wire cages and will be maintained under good 
ventilation. They will be fed standard   laboratory   
diet   and supplied drinking water ad-libitum.

An additional fifteen albino rats six weeks old 
will be used for isolation and culture of bone marrow 
stem cells at the Biochemistry and Microbiology 
Unit, Faculty of Medicine, Cairo   University. 

The forty five rats were divided equally into 
three groups, fifteen rats for each group. Group  I 
(Adult group) consists of fifteen adults albino 
rats (six months old) and get infused with saline 
intravenously to serve as control group, Group II 
(Old age group) consists of   fifteen   albino   rats 
(fifteen months old) to  get  infused with saline 
intravenously and Group III ( old age injected by 
stem cells ) consists of   fifteen albino rats (fifteen 
months old) to be subjected to intravenous infusion  
by  mesenchymal stem cells. The cell numbers 
were calculated by the hemocytometer. For I.V. 
administration, 1.5 × 103–106 cells/rat   in   0.2   ml   
phosphate   buffer   saline was slowly injected into 
one tail vein of the anesthetized rat over a 2-minute 

period using a 22-gauge needle (Guo  et  al., 2011), 
to study the effect of injection of bone marrow 
derived stem cells on age changes of pulp in albino 
rats.

Preparation of bone marrow-derived mesenchy-
mal stem cells (MSCs)

Bone marrow  harvested by flushing the tibiae 
and femurs of the 6 week-old male albino rats with 
Dulbecco’s modified Eagle’s medium  (DMEM, 
GIBCO/BRL) supplemented with 10% fetal bovine 
serum (GIBCO/BRL). Nucleated cells were isolated 
with a density gradient [Fico11/Paque (Pharmacial)] 
and esuspended in complete culture medium 
supplemented with 1% penicillin-streptomycin 
(GIBCO/BRL).

Cells were incubated at 37 o C in 5% humidified 
CO2 for 12-14 days as primary culture or upon 
formation of larger colonies. When large colonies 
develop (80-90% confluence), cultures were 
washed twice with phosphate buffer saline (PBS) 
and the cells were  trypsinized with 0.25% trypsin 
in 1mm   EDTA (GIBCO/BRL)   for 5 min at 37 o 
C . After centrifugation, cells will be resuspended 
with phosphate buffer saline. MSCs in culture were 
characterized   by their adhesiveness and fusiform 
shape and by detection of CD29 one of the surface 
marker for MSCs by RT-PCR.

Specimen Preparation and Histopathological 
Examination

Each mandible was dissected free and soft 
tissue was immediately removed. The right and 
left mandibular segments were dissected and the 
specimens were processed. Specimens were fixed 
in neutral buffered formaldehyde solution for 
72 hours. The samples were then decalcified by 
immersing the specimen in decalcifying working 
solution of EDTA for 30 days. The decalcified 
specimen was then dehydrated with graded ethyl 
alcohol washes (50%, 70%, 85% then 100%) and 
imbedded in paraffin wax with an orientation that 
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provide sectioning along the sagittal plane of the 
jaw. Sections of 4μm thickness were cut and were 
subjected to the following

1- Stained with hematoxylin and eosin for routine 
light microscopic examination.

2- Immunohistochemical evaluation  using Ki67 
markers.

RESULTS

Histological results

Control group (group I )

Light microscopic examination of pulp showed 
that  the pulp revealed a homogeneity in its cells, 
intercellular substance, fiber elements and blood 
vessels. On the periphery of the pulp, adjacent to 
the calcified dentin, predentin is present . Next to 
the predentin situated the palisade of columnar 
odontoblast cells. Central to the odontoblasts is the 
subodontoblastic layer, termed the cell-free zone 
which is sometimes indistinct or absent. Deep to 
the odontoblastic  layer is the cell-rich zone, which 
blends in turn with the dominant  pulp core with 
normal condensation of collagen fibers (Figure 1). 

Group II

Microscopic examination of the pulp of old 
age group revealed that, formation of secondary 
dentine,  odontoblasts lost its palisade arrangement 
and appeared atrophied  as well as formation of pulp 
stones. Multiple  dilated and congested blood vessel 
were observed (Figure 2).

In another specimens showed that odontoblasts 
are severely affected,  atrophied and shirked  with 
wide separation between the pulp core and the 
periphery of the pulp with sever condensation of 
collagen fibers  (Figure 3). Other features of age 
changes were seen in figure 4 as area of nearly 

completely destructed  odontoblasts, large pulp 
stone, congested blood vessels and extravasated red 
blood cells.    

Group III 

Microscopic examination of the old group 
injected with mesenchymal stem cells showed that 
nearly normal histological structures as pulp cells 
returned to their normal organization surrounded 
by loosely arranged collagen fibers and thin walled 
normally sized blood vessels (Figs 5&6).  

Immunohistochemical results

Using the immunohistochemical  labeling, we 
have assayed the expression of Ki67  in cells of the 
dental pulp in all groups.

The present study showed that, group I (control 
group) revealed mild to moderate expression of 
Ki67 in nuclei of odontoblasts and endothelium 
lining of the blood vessels while group II (aged 
group) showed nearly negative expression of Ki67.
As regarding as group III (aged group injected with 
mesenchymal stem cells) revealed nearly the same  
mild to moderate  immunoexpression of Ki67 as 
control group.

Fig. (1) A photomicrograph of pulp insitu of group I (control 
group) showing normal histological structures of dentin    
(D), predentin (Pd), odontoblasts (Od), blood vessel 
(arrow) and pulp core (Pc).   (H&E x 400)
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Fig. (3) A photomicrograph of group II showing sever atrophy 
of odontoblasts (Od) and  condensation  of collagen 
fibers (arrow ).   (H&E x 400)       

Fig. (5) A photomicrograph of group III showing nearly normal 
histological structures. (H&E  x 400)

Fig. (2) A photomicrograph of group II showing  age changes 
features as  formation of secondary dentin with apparent 
line of demarcation between primary and secondary 
dentin (star), disorientation and atrophy of odontoblasts 
(Od),  pulp calcification (white arrow) and numerous 
congested blood vessels (black arrow). (H&E x 200)

Fig. (4) A photomicrograph of group II showing area of 
completely degenerated odontoblasts (od), congested 
blood vessels with area of hemorrhage ( white arrow) 
and large pup stone (black arrow).    (H&E x 200)

Fig. (6) A photomicrograph of group III showing reorganized 
odontoblasts and normal sized blood vessels(arrow).      
(H&E   x 200)
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DISCUSSION

The emergency field of regenerative medicine 
holds the promise of treating a variety of degenerative 
and age  related changes where no specific or 
effective treatment is currently available. Stem cell 
in general and mesenchymal stem cell in particular 
with their versatile growth and differential potential 
are ideal candidates for use in regenerative medicine 
protocol. So the current study was carried out to 
evaluate histologically and immunohistochemically 
the effect of bone marrow mesenchymal stem 
cells on age changes of pulp in albino rats. Light 
microscopic examination of Hx &E stained sections 
of the pulp revealed several histological alterations 
when comparing the results of adult rats  group 
I, which appeared with its normal histological 
structures while group II (old age rats), there were  
loss of palisade arrangement, atrophy, degeneration 
and total destruction of odontoblasts. Formation of 
secondary dentin with apparent line of demarcation 
separating the primary dentin from secondary dentin 
was observed. These results were in agreement 
with those found by Berkovitz et al., (1992) and 
Solheim, (1992) who reported that secondary 
dentin is laid down at the pulpal end of the primary 
dentin with age and consequently the pulp cavity 
decrease in size. Our results revealed formation of 
pulp stones of variable sizes. These   result coincides 
with the results obtained by Martin (2002) who 
performed his study to evaluate the retrieval of 
long pulp stone in maxillary molars. He suggested 
that, the common etiologic factors implicated with 
pulp stone formation include pulp degeneration, 
age, circulatory disturbance, orthodontic tooth 
movement, long standing irritants such as caries, 
deep filling and chronic pulp inflammation. The 
study  was carried out by  Horsley et al., (2009) on 
prevalence of pulp stones in  a Turkish population  
reported that subjects older than age 60 years had 
significantly higher prevalence of pulp stones in 
compared to younger age groups.

Fig. (7) A photomicrograph of Ki67 immunostaining of pulp 
of group I showing positive control group with mild to 
moderate expression of  Ki67. (Ki67 x400)  

Fig.(8) A photomicrograph of Ki67 immunoexpression of 
group II showing nearly negative expression of Ki67 in 
aged pulp tissue.  (Ki67 x400)     

Fig.(9) A photomicrograph of group III showing sign of 
proliferation presented by mild to moderate expression 
of Ki67 immunostaining in nuclei of odontoblasts 
(black arrow) and endothelium of the blood vessels (red 
arrow) . (Ki67 x 400)  
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Condensation of collagen fibers, dilatation 
and congestion of blood vessels with area of 
hemorrhage were observed . Similar findings were 
also demonstrated  by Moule and Barthold (1995)   
that with advancing age, the density and thickness 
of the collagen fibers grows as well as fibrosis  and  
irregular calcification appear . 

Regarding the histological results of group 
III (old age rats injected by stem cells) revealed  
nearly normal histological structure as there were 
reorganization of pulp cells surrounded by loosely 
arranged collagen fiber and thin walled normal 
sized blood vessels. Considerable research is 
underway exploring many ways that stem cells 
can be used to restore normal function to damaged, 
aged and diseased tissues. (Caplan and Dennis 
2006) and Meirelles el al., (2009) demonstrated 
that MSCs produce and release various growth 
factors and cytokines including anti-apoptotic, 
immunomodulatory, supportive, angiogenic and 
chemoattractic factors. These studies indicated 
that MSCs are promising tools for the treatment 
of different types of tissue damages, because they 
secrete a multitude of bioactive molecules that 
ultimately lead to reformation and regeneration of 
injured tissues. It has been proposed that the ability 
of MSCs to secrete a variety of factors that change 
tissue microenvironment functionally is more 
important than their trans-differentiation ability in 
affecting tissue regeneration (Togel etal., 2007). 

In old age rats there were dilated and congested 
blood vessels, while in stem cells injected rats, the 
blood vessel were not congested and of normal 
size. This might be due to the  angiogenic support 
provided by MSC, that can be considered one 
more supportive effect, since the re-establishment 
of the blood supply is fundamental for recovery of 
damaged tissues. The pro-angiogenic effect of MSC 
have been demonstrated in several studies in vitro 
and in  vivo (Kinnaird et al., 2004 and Hung et 
al., 2007).

One of most important stimulating factors to 
mesenchymal stem cells is the presence of hypoxia. 
Interstitial tissue damage is often associated with 
activation of the coagulation cascade, resulting 
in areas of hypoxia. It is known that reduction in 
oxygen tension in a variety of tissues leads to 
activation of the hypoxia inducible factor (HIF-
1α), which induces transcription of angiogenic 
genes such as vascular endothelial growth factor 
(VEGF) (Imtiyaz and Simon 2010) and Hawkins 
et al., (2013) as well as the MSC chemoattractant 
stromal cell-derived factor 1 (SDF-1) Ceradini et 
al., (2004). Once MSC migrate to areas of hypoxia, 
it has been demonstrated that production of various 
therapeutic paracrine mediators is increased. 
Several groups have demonstrated the relevance of 
hypoxia to  MSC growth factor production in vitro. 
For example, exposure of bone marrow (BM)-
MSC to 24 hours of hypoxia (1% oxygen) resulted 
in marked induction of VEGF, Fibroblast growth 
factor 2 (FGF-2), Hepatocyte growth factor (HGF), 
and Insulin like growth factor 1 (IGF-1) production, 
in an NF-kappa β dependent manner (Crisostomo 
et al, 2007).

Immunohistochemical demonstration of 
proliferation related markers is an effective method 
for understanding the proliferative potential of  
cells. The  most important used cell proliferation 
marker, recognized nuclear antigens as associated 
with all the phases of the cell-cycle expect G0 is 
Ki67. In our experiment.  the immunohistochemical  
results revealed that, group I (control group) showed 
mild to moderate expression of Ki67 in nuclei of 
odontoblasts and endothelium lining of the blood 
vessels while group II (aged group) showed nearly 
negative expression of Ki67. These result were in 
agreement with the results obtained by Seki and 
Arai, (1995) who found that lower rate of cell 
proliferation due to considerable age manifested as 
very week  immunostaainig to Ki67.   As regarding 
as group III (aged group injected with mesenchymal 
stem cells) revealed positive immunoreactivity 
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which nearly the same immunoexpression of Ki67 
as control group which indicated stimulation  of cell 
proliferation by injection of MSC. These results 
were explained by recent studies which showed 
that, there is increasing expressions of  post survival 
factors as postsurvival kinase and protein kinase 
B  in injected cells (Morigi, et al.,  2004), growth 
factors as IGf, VEGf and HGF expression which 
inhibit apoptosis and stimulate cell proliferation 
(Imberti et al., 2007) this dynamic permits high cell 
turn over, renewing damaged cells and decresing 
cell death  thus restoring normal tissue phsiology.

CONCLUSION

   The most important finding of this study is that 
BM-derived MSCs delivered to old rats through an 
intravenous route provided improved histological 
features of the pulp as compared with the old group 
infused with saline intravenously, so it played an 
effective role in age related changes. As well as, 
BM-derived MSCs also had a positive proliferating 
effect as revealed by the enhanced expression of 
Ki67.    
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