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Objective(s): Autologous bone transplantation known as the “gold standard” to reconstruction of osseous 
defects has known disadvantages. This study was designed to explore the effects of hydroxy-
apatite/tricalcium-phosphate (HA/TCP) and platelet-rich plasma (PRP) on the osteogenesis ability of 
human adipose-derived mesenchymal stem cells (hAdMSCs) in vitro and in vivo. 
Materials and Methods: hAdMSCs were incubated with HA/TCP granules and/or PRP in vitro and then, 
cell proliferation and differentiation was assessed by MTT assay, AZR S staining and SEM examination. 
In vivo, four cylindrical defects were drilled in the mandibular bones of 5 mongrel dogs and divided 
randomly into the following groups: I-autologous crushed bone, II- no filling material, III- HA/TCP and 
PRP, IV- PRP-enriched hAdMSCs seeded on HA/TCP granules. Inserted hAdMSCs were labeled to trace 
their contribution to bone tissue regeneration. Finally, cell tracing and tissue regeneration were 
evaluated by immunohistochemistry and histomorphometry methods, respectively.     
Results: In vitro, co-incubation with HA/TCP granules significantly reduced proliferation and osteogenic 
differentiation ability of hAdMSCs; while PRP application promoted these capacities (P<0.05). In vivo, 
PRP-enriched hAdMSCs seeded on HA/TCP granules induced considerable bone formation in osseous 
defects (P<0.05). It was obviously shown that hAdMSCs were incorporated into the newly-formed bone.     
Conclusion: Based on this study, application of stem cells could offer a helpful therapeutic tool in bone 
tissue regeneration. Although inserted hAdMSCs were identifiable throughout the newly-formed bone 
tissue, their few number could be an indicator of indirect role of hAdMSCs in tissue regeneration. 
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Introduction 
Due to the formerly-declared disadvantages of 

autologous bone transplantation known as the “gold 
standard” approach to reconstruction of osseous 
defects, bone tissue engineering (BTE) strategies have 
gathered raised interest to accomplish this goal, 
especially in the craniofacial skeleton (1). Stem cell 
delivery via application of scaffolds alone or enriched by 
different growth factors have been widely documented 
to be a reliable approach in regenerative medicine (2). 
Among various well-known mesenchymal stem cell 
sources, adipose-derived mesenchymal stem cells 
(AdMSCs) have been evaluated to present superior 
advantages over other sources of mesenchymal stem  

cells including high availability and insignificant donor 
site morbidity during their provision, which make them 
a suitable alternative in tissue engineering procedures 
(3, 4). Scaffolds act as a delivery system for transferring 
stem cells to the desired damaged site (2). Alongside 
with good mechanical properties, a suitable scaffold                
in BTE should display high degrees of biocompatibility 
and osteoconductivity in order to mimic the natural 
microenvironment of bone tissue (5). Porous hydroxyl-
apatite/tricalcium-phosphate (HA/TCP) ceramics are 
one of the most accepted synthetic graft biomaterials 
used clinically for bone tissue engineering due to their 
excellent biocompatibility and re-absorbability (6, 7). 
Indeed, calcium-phosphate-based scaffolds present a 
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similar composition and structure to the mineralized 
bone tissue and thus, are expected to expedite and 
promote cell attachment and signaling, which are among 
essential characteristics demonstrated for a suitable 
scaffold (2).  

HA/TCP ceramics are known to be a rich source of 
calcium and phosphorus, which are highly needed 
during the process of bone deposition and remodeling 
(8).   

Furthermore, enhanced bone tissue regeneration 
can be expected by addition of appropriate growth 
factors to the calcium-phosphate-based scaffolds (5).   

Growth factors are biologically active agents 
present in different tissues and organs that mediate 
important signal transferring between cells and their 
microenvironment and subsequently provide an 
osteoinductive property in tissue regeneration field 
(9). Platelet-rich plasma (PRP) is a super-mixture of 
imperative growth factors contained in platelets’ 
granules which upon their release, govern a cascade of 
neovasculogenesis and tissue repair procedures, leading 
to introduce PRP as a therapeutic implementation in 
bone regeneration (10, 11).  

Taken as a whole, this study aimed to explore the 
effect of pre-synthesized porous HA/TCP granules 
and PRP on the osteogenesis ability of human 
adipose-derived mesenchymal stem cells (hAdMSCs) 
in vitro and in vivo. In our study, inserted hAdMSCs             
in vivo were labeled and tracked to obtain more evidence 
on their biodistribution and possible contribution to 
bone tissue regeneration.  

To the best of our knowledge, this is the first study 
conducted to investigate the in vivo fate and probable 
regenerative involvement of transplanted mesenchymal 
stem cells (MSCs) into canine large-sized osseous 
defects. This could be helpful to future speculation of 
stem cell therapy in clinical chair side approaches. 
 

Materials and Methods 
Preparation of MSCs, PRP, and biomaterial   
hAdMSCs isolation and expansion 

Use of human MSCs was approved by Ethical 
Committee Acts of Mashhad University of Medical 
Sciences (Ethical approval number: 940024). AdMSCs 
were isolated and expanded as reported earlier (4). 
Briefly, liposuction aspirates of subcutaneous adipose 
tissue were obtained from healthy individuals 
volunteered for routine plastic surgery at a medical 
center. After extensive washing with phosphate-
buffered saline (PBS) complemented with antibiotics 
(100 U/ml of penicillin and 100 µg/ml of streptomycin) 
(PS) (Invitrogen), the samples were incubated for 60 
min with 0.1% collagenase type I (Invitrogen) in PBS 
at 37 °C, receiving short, robust agitations every 15 
min. Collagenase digestive activity was neutralized 
with 10% fetal bovine serum (FBS) (Gibco) followed 
by centrifugation at 800 g for 5 min. After removing  

the supernatant, the remaining pellet was resuspended 
and cultured in T75 flasks (Nunc) and Dulbecco’s 
modified Eagle’s medium with low glucose (DMEM-
LG) supplemented with 10% FBS and 1% PS was 
added to the culture plates afterwards. After a 72 hr 
period of incubation at 37 °C with 5% CO2, cultured 
cells were washed with PBS to remove the unattached 
cells and nourished with fresh medium. The medium 
was replaced every two days and upon reaching 70-
80% confluency, cells were detached and re-plated 
into new flasks at a density of 5000–10000 cells/cm2. 
Intermittent passages were repeated till passage 3 
(P3) from which cells were trypsinized (0.025%; 
Invitrogen) and subjected to flowcytometric analysis 
(FACScalibur, BD Bioscience) to verify the expression 
of specific cell surface antigens. Our employed 
antibodies for fluorescence-activated cell sorting 
(FACS) study included mouse anti-CD44 polyclonal 
antibody, rabbit anti-CD34 polyclonal antibody 
(Antibodies-online, Germany), mouse anti-CD90 
monoclonal antibody, rabbit anti-CD11b polyclonal 
antibody (Novus Biologicals, USA), rabbit anti-CD105 
polyclonal antibody, and rabbit anti-CD45 polyclonal 
antibody (Bioss Inc., USA) (12).  

 
In vitro differentiation assay 

To confirm the identity of isolated AdMSCs, in vitro 
differentiation of P3 cells towards osteogenic and 
adipogenic lineages was assayed (4). The fibroblastic 
mesoderm-derived phenotype of isolated cells was 
induced via maintenance in standard growth medium; 
while osteogenic differentiation was encouraged via 
replenishment by osteogenic induction medium 
composed of DMEM with 10% FBS, 50 μg/ml ascorbate-
2-phosphate, 100 nM dexamethasone and 10 mM β-
glycerol phosphate (Sigma) for a period of 21 days. Upon 
the end of this time, cells were fixed in ethanol and 
incubated with 0.1% Alizarin Red (AZR) S (Sigma) to 
stain the deposited minerals. Lengthwise, adipogenic 
differentiation was prompted via treatment with 50 
mg/ml ascorbate-2-phosphate, 100 nM dexamethasone 
and 50 mg/ml indomethacin (Sigma) for up to 3 weeks. 
Finally, the cells were fixed with 10% formalin and 
incubated with 0.5% Oil red O (Sigma) to stain the 
intracellular fat vacuoles. All experiments were 
performed in triplicate to validate statistical analyses.  
 
HA/TCP biomaterial provision  

Synthetic graft biomaterials composed of HA/TCP 
granules with the ratio of 30:70 (%weight) (OSTEONTM 
II, Korea) were chosen for this study due to high 
similarity to natural bone mineral composition (13). 
Manipulated biphasic calcium-phosphate (BCP) granules 
consumed in this study ranged within 0.5-2 mm in size with 
the general porosity of estimated 70±5 (%volume). This 
biomaterial was provided in double-sealed packaging and 
sterilized by gamma-irradiation. 
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HA/TCP Scaffold/ hAdMSCs construcs  
P3 hAdMSCs destined to be inserted into osseous 

defects were incubated with 5 μM BrdU (5-bromo-
2′deoxy-uridine) (Sigma) for 48 hr before trans-
plantation. BrdU is a synthetic analog of thymidine, 
gets integrated into the newly-forming DNA strands 
during S phase of cell division and thus, is considered 
as a kind of nuclear gene-transfer free dye with high 
efficacy in enduring cell tracking means (14).  

Finally, hAdMSCs with a concentration of 1×106 
cells diluted in 2 ml medium, were seeded drop-wise 
onto HA/TCP granules and allowed to attach to the 
prepared scaffold for 24 hr prior to implantation into 
the osseous defects.  
 
Scanning electron microscopy (SEM) assessment 

Qualitative analysis of HA/TCP granules sub-
cultured with hAdMSCs was conducted through SEM 
observation (Leo, Germany) (15). Firstly, prepared 
scaffold/hAdMSCs constructs were fixed with 2.5% 
glutaraldehyde for 60 min. Following extreme rinsing 
with PBS and dehydration through ascending 
concentrations of ethanol, the specimens were dried 
thoroughly, sputter-coated with gold and went under 
SEM. SEM observation of a non-cultured scaffold 
served as control.   
 
Preparation of PRP 

PRP was prepared based on differential centri-
fugation as described elsewhere (3, 16). Fifteen ml               
of venous blood was drawn from the jugular vein                  
of each animal into sterile tubes containing citrate-
phosphate-dextrose as an anticoagulant factor                  
and underwent a two-step centrifugation method, 
including a first 10 min centrifugation step at 250 g in 
order to separate red blood cells from the blood. 
Subsequently, the supernatant plasma and buffy coat 
were pipetted, transferred to another tube and was 
subjected to another round of centrifugation at 1000 
g for 10 min at room temperature. Successively, two 
phases were obtained including PRP at the bottom 
and PPP (platelet-poor plasma) at the upper portion 
of the tube. After buffering the PRP phase to the 
physiologic level, it was activated via intermittent 
cycles of freeze and thaw for further application. 
 
In vitro evaluation of the effects of PRP and HA/TCP 
granules on hAdMSCs 
Cell proliferation assay 

To investigate the effects of pre-synthesized 
HA/TCP ceramics and PRP on cell proliferation 
capacity of hAdMSCs, cells were seeded on 24-well 
plates at a density of 5×104 cells/well, according to 
the following groups: 1-MT group: hAdMSCs + 
HA/TCP granules (30 µg/ml), 2-MP group: hAdMSCs 
+ PRP 20% (by volume) and 3-MTP group: hAdMSCs 
+ HA/TCP granules (30 µg/ml) + PRP 20%. HA/TCP 
granules without seeded cells were considered for 

normalization (control group). 3, 5 and 11 days 
following the treatments, all groups were incubated 
with 5 mg/ml MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 
5-dimethyl tetrazolium bromide) (Sigma) for 4 hr, 
followed by addition of  1 ml dimethyl sulfoxide 
(DMSO) to allow the produced intracellular formazan 
become visualized. Absorbance was quantified at 570 
nm using a microplate reader (Bio-Rad, CA). Results 
were normalized with the control group consisted of 
just HA/TCP granules. All experiments were 
performed in triplicate to validate statistical analyses.  
 
Mineralized nodule formation 

Formation of mineralized nodules in experimental 
and control groups was investigated via AZR S 
staining after 14 and 21 days of incubation in the 
osteogenic induction medium (3). 1% AZR S staining 
buffer solution was prepared by adding 1 g AZR to 1% 
Tris-HCl solution. After washing with PBS and fixation 
with 95% ethanol, 10% cetylpyridinium chloride in 
Na2HPO4 was added to cells and the absorbance was 
then quantified at 562 nm using a microplate reader 
(Bio-Rad, CA). All the experiments were performed in 
triplicate to validate statistical analyses.  
 
In vivo evaluation of PRP and HA/TCP granules 
with and without hAdMSCs 
Animals and surgical procedures 

The animal experiments conducted in this study 
were in accord with the ethical committee acts of the 
Ethical Committee for Animal Care and Use of 
Mashhad University of Medical Sciences, Ethical 
Committee Acts (approval number:940024). All 
animal procedures were performed in accordance 
with National Institutes of Health (NIH) and Animal 
Research Reporting of In Vivo Experiments (ARRIVE) 
animal care guidelines. Five adult male mongrel dogs 
with the mean age of 2 years were selected for this 
study. Upon arrival, animals were verified to be 
healthy through clinical examination and hematologic 
analysis. After health confirmation, each of them was 
weighed, vaccinated and housed at an individual cage 
at Animal Research Center of Dentistry Faculty of 
Mashhad University of Medical Sciences, provided 
with controlled temperature (20±2 °C), lighting (12 
hr; light: 12 hr; dark photoperiod), and ad libitum  
access to water and commercially balanced dry food 
(France). After two weeks of adaption, all mandibular 
premolars at both sides were extracted carefully 
under general anesthesia and a four-week period was 
given to the soft tissue for spontaneous healing and 
repair. Prior to any surgical procedures, each animal 
was premeditated by an IM injection of 2 mg/kg 
xylazine-HCl (Alfasan, Netherlands). General 
anesthesia was induced via IV injection of 10 mg/kg 
ketamin-HCl (Alfasan, Netherlands) and 0.5 mg/kg 
diazepam (ZEPADICVR, Iran). General anesthesia was 
maintained under the supervision of a veterinarian 



Shafieian et al.                                                Study of stem cell-induced bone regeneration 
   

    Iran J Basic Med Sci, Vol. 20, No. 10, Oct 2017 

 

1134 

(SS.H.). All surgical procedures were performed 
under aseptic conditions. Edentulous sites were 
exposed by mucoperiosteal flaps and under constant 
irrigation, two cylindrical through-and-through 
defects in each side, perpendicular to the lateral 
cortex, were drilled using a 10-mm diameter trephine 
bur. Then, surgically-created defects were treated 
randomly as follows: I: autologous crushed mandibular 
bone (positive control), II: no filling material (negative 
control), III: HA/TCP granules in combination with PRP, 
and IV: PRP-enriched hAdMSCs seeded on HA/TCP 
granules. At last, the flaps were closed using restorable 
sutures and for the next 3 days, all operated animals 
received IM analgesic (2 mg/kg tramadol) and antibiotic 
(22 mg/kg ceftriaxone) medication. During the next 
week after surgery, the animals were examined daily for 
any sign of intraoral infection or wound dehiscence 
which were the exclusion criteria from the study.  
 
Histological examination 

Eight weeks after surgery, all animals were 
sacrificed by an IV overdose injection of sodium 
pentobarbital under general anesthesia. Mandible of 
each dog was cut away from the anterior border of the 
ramus and after a macroscopic examination, the 
center of implanted sites underwent sample retrieval 
using a 2-mm diameter trephine bur. Overall, a total 
of 20 thorough-and-thorough mandibular defects of 5 
mongrel dogs divided into 4 experimental groups 
(n=5) went under sample retrieval for further 
examination; while 5 more samples, considered as the 
normal control group, were obtained from the buccal 
side of mandibular alveolar bone of every individual 
animal (a total of 25 samples for further examination). 
After fixation and decalcification, tissue samples were 
stained with AZR S and investigated using an optical 
microscope (17).    
 
Histomorphometrical analysis 

AZR S-stained sections, from a total of 25 samples 
divided in 5 groups, were evaluated for morpho metrical 
measurement of newly-formed bone surface area 
under 20x magnification of an optical microscope 
(BX51, Olympus, Japan) equipped with a digital 
camera (Canon, IXUS 950 IS) which was connected to 
a computer for using image software. Consecutive 
images from 5 randomly-chosen slides were analyzed 
for morphometrical measurement of the new-
engineered bone surface area, quantified according to 
the previously-described formula (13). 
 

In vivo cell tracing  
Tissue sections were immunohistochemically 

stained to determine the biodistribution of implanted 
BrdU-labeled stem cells of human origin. Furthermore, 
extracellular matrix production by the inserted cells was 
verified through immunohistochemistry staining of 
human osteocalcin protein. To do this, primary rabbit 
antibodies against BrdU (Santa Cruz Biotechnology, Inc.) 
and human osteocalcin (ab93876, Abcam, USA) were 
used as described earlier (18). Briefly, following 
deparaffinization with xylene and rehydration through 
descending concentrations of ethanol, tissue sections 
were washed with antigen retrieval solution 
composed of citrate buffer 0.01 M (S2031, Dako, 
England) for 15 min. Endogenous peroxidase activity 
was obstructed through careful bathe in 3% H2O2 in 
methanol in the dark for 20 min. Subsequently, 
sections were washed thoroughly in PBS plus 0.025% 
Triton X-100 for three times, followed by 60 min of 
gentle rinse with 10% normal goat serum (ab7481, 
Abcam, USA) for non-specific antigen blockage. 
Ultimately, all the treated sections were soaked in 
primary antibody (diluted 20 to 1000 in PBS with 1% 
BSA) and stored overnight at 4 °C. The day after, all 
the sections were extremely washed with PBS and 
then incubated with HRP-conjugated secondary 
antibody (goat anti-rabbit IgG, ab6721, Abcam, USA) 
for 60 min at room temperature. Following extensive 
washing with PBS, all sections were treated with 
diaminobenzidine (DAB) solution (DAB kit, Sigma 
Aldrich, USA) to make the fabricated antigen-antibody 
complexes visible. Finally, the treated sections were 
counterstained with hematoxylin solution and after 
passing dehydration and clearing steps, they were 
mounted on glass slides. Selected sections from other 
groups were stained simultaneously as negative 
controls. 
 
Quantification of positive immunoreacted cells  
To investigate the probable survival and involvement 
of implanted hAdMSCs in the newly-formed bone 
tissue, the number of positive immuno-reacted cells 
for BrdU and osteocalcin were calculated separately 
under 100x magnification (19). The quantity of cells 
per unit area (NA) was evaluated by using the 
succeeding formula in which ∑Q is the sum total of 
counted osteocytes in the sections, a/f is the surface 
area correlated with each frame, and ∑P is the totality 
of frame-related points hitting the described space 
(18).  
 
 
 
 

Newly-formed bone surface area= 
Measured bone surface area

[(the whole area of the imaged graft surface)−(BCP granules surface area)]
× 100 
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∑ Q̅

a f. ∑ P⁄
 

 
The obtained data were subjected to statistical analysis 
for any significant difference between the two values.  
 
Statistical analysis  

Statistical analysis was performed using SPSS 11.5 
software package for windows. In vitro quantified 
data were analyzed statistically using repeated 
measures ANOVA, Kruskal-Wallis, and Mann-Whitney 
U tests; while in vivo data were analyzed using 
repeated measures ANOVA and Freidman tests.                    
P-values lower than 0.05 were considered to be 
statistically significant. 
 
Results  
hAdMSC characterization and expansion 

Isolated cells from adipose tissues were 
successfully cultured and passaged in vitro, with 
appearance characteristics of mesoderm-derived 
fibroblastic phenotype of MSCs. In addition, 
osteogenic and adipogenic differentiation of the cells 
were determined by the emergence of calcium 
deposits and lipid vacuoles, respectively (Figure 1). 
Expression of MSC markers was also confirmed by 
flow cytometry, as shown previously (12).  

 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. A. Undifferentiated human adipose-derived mesenchymal 
stem cells (hAdMSCs) representing characteristic mesoderm-derived 
fibroblastic phenotype; scale bar= 500 µm. B & C. characterization of 
hAdMSCs through in vitro differentiation of passage 3 (P3) cells 
towards osteogenic and adipogenic lineages. Panel (B) corresponds to 
osteogenesis confirmed by red-stained deposits of calcium via Alizarin 
Red (AZR) S staining; scale bar= 500 µm. Panel (C) corresponds to 
adipogenesis as confirmed by intracellular lipid vacuoles appeared in 
red via Oil red O staining; scale bar= 200 µm 

 
 

Figure 2.  Scanning electron microscopy (SEM) observation of 
hydroxy-apatite/tricalcium-phosphate (HA/TCP) scaffolds cultured 
with human adipose-derived mesenchymal stem cells (hAdMSCs), 
representing fibroblastic cellular processes extended onto the scaffold 
after 24 hr of co-incubation (indicated by white arrows). Left: scale bar= 
10 µm; right: scale bar= 2 µm 
 

SEM evaluation 
Qualitative SEM evaluation of hAdMSCs seeded on 

HA/TCP granules presented optimal cell adherence to 
the BCP ceramics as well as fibroblastic cellular 
processes extended onto the scaffold (Figure 2).   
 

Cell proliferation assay 
MTT assay revealed that application of HA/TCP 

scaffold (MT group) had a negative effect on the 
proliferation capacity of hAdMSCs. On the other hand, 
application of PRP and HA/TCP scaffold simultaneously 
(MTP group) significantly increased proliferation capacity 
of hAdMSCs in comparison to the MT group (P<0.01). 
However, the best results were obtained after treatment 
with PRP without HA/TCP (MP group), which led to a 
significantly higher proliferation capacity of hAdMSCs in 
comparison to MT (P<0.001) and MTP (P<0.01) groups. 
In each group, a decrease in the proliferation capacity of 
hAdMSCs was observed over time at 5 and 11 days after 
treatments. However, only the difference between day 3 
and 11 was significant (P<0.05) (Figure 3). 

 

 
 
Figure 3. In vitro proliferation assessment of human adipose-derived 
mesenchymal stem cells (hAdMSCs) incubated with hydroxy-
apatite/tricalcium-phosphate (HA/TCP) and/or platelet-rich plasma 
(PRP). Cell proliferation capacity of MP group was significantly 
increased when compared to MT (*** P<0.001) and MTP (** P<0.01) 
groups at each different day. Cell proliferation capacity of MTP group 
was significantly increased in comparison to MT group (¥¥P<0.01) at 
each different day. Cell proliferation capacity at day 11 was significantly 
decreased in MTP (£P<0.05), MP (#P<0.05) and MT (ßP<0.05) groups as 
compared to the same group at day 3 
MTP group= hAdMSCs + HA/TCP scaffold + PRP, MP group= 
hAdMSCs + PRP, MT= hAdMSCs + HA/TCP scaffold 

A 

B C 
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Figure 4: In vitro assessment for mineralized nodule formation of 
human adipose-derived mesenchymal stem cells (hAdMSCs) 
incubated with hydroxy-apatite/tricalcium-phosphate (HA/TCP) 
and/or platelet-rich plasma (PRP). Mineralized nodule formation 
capacity of MP group was statistically increased when compared to 
MT (***P<0.001) and MTP (**P<0.01) groups at each different day. 
Mineralized nodule formation capacity of MTP group was 
significantly increased in comparison to MT group (¥¥P<0.01) at 
each different day. Mineralized nodule formation capacity of 
hAdMSCs was increased significantly at day 21 in MTP (£P<0.05), 
MP (#P<0.05) and MT (βP<0.05) groups as compared to the same 
group at day 14   
MT= hAdMSCs + HA/TCP scaffold, MP group= hAdMSCs + PRP, MTP 
group= hAdMSCs + HA/TCP scaffold + PRP 

 
Mineralized nodule formation 

AZR S staining showed that co-incubation of 
hAdMSCs with 30 µg/ml pre-synthesized HA/TCP 
granules (MT group) in the osteogenic culture medium 
negatively affected mineralized nodule formation 
capacity of hAdMSCs. Supplementation of the osteogenic 
culture medium containing HA/TCP granules with              
PRP (MTP group) significantly enhanced mineralized 
nodule formation capacity of hAdMSCs in comparison to 
the MT group (P<0.01). However, PRP application alone 
(MP group) led to the significantly greatest amount                   
of mineralized nodule formation of hAdMSCs in 
comparison to MT (P<0.001) and MTP (P<0.01) groups. 
In all groups, passing days from 14 to 21 led to a 
significant increase in the hAdMSCs capacity of 
mineralization (P<0.05) (Figure 4).  

 

 
 

Figure 5. Macroscopic observation of wound healing at differently 
treated osseous defects of 4 experimental groups after 8 weeks 
(indicated by black arrows). 
I= defective sites + autologous bone, II= defective sites left empty, 
III= defective sites + platelet-rich plasma (PRP) + hydroxy-
apatite/tricalcium-phosphate (HA/TCP) scaffold, IV= defective 
sites + HA/TCP + PRP + human adipose-derived mesenchymal stem 
cells (hAdMSCs) 

Macroscopic observation  
The eight-week period of repair and recovery was 

uneventful in all the operated animals and no signs of 
hives, skin rash, or other unwanted immunologic 
reactions occurred to them at macroscopic observation. 
The defective sites of group I showed the best 
macroscopic healing after the 8-week period, with the 
borders of the defect almost disappearing and hard to 
recognize. However, empty defects of group II remained 
practically unrepaired, filled with a kind of soft 
granulation tissue to a relative extent. Other groups 
showed quite moderate healing  (Figure 5).  
 

Histological examination 
AZR S-stained tissue sections from all of the five 

groups (n=5) were investigated by an optical 
microscope (Figure 6). No significant inflammatory 
cell infiltrate or foreign body reactions were found in 
the tissue sections of treated defects at microscopic 
examination. While the defective sites of group I were 
almost filled with mature bone trabeculae which 
looked nearly like the specimens from the normal 
control group, empty defects of group II were filled 
with soft tissue containing relatively sparse bone 
trabeculae. Tissue specimens of groups III and IV 
showed different amounts of woven bone trabeculae 
containing various-sized established marrow spaces.  
 
Histomorphometrical analysis of newly-generated 
bone tissue 

To investigate the impact of PRP and stem cell 
therapy on bone tissue regeneration, AZR S-stained 
sections of a total of 20 sample from 4 experimental 
groups were measured morphometrically for the 
percentage of mean (±SD) surface area of the newly-
engineered bone tissue at defective osseous sites 
while this value was considered as 100% in the 
normal control group. The related values were 
(67.21%±5.77), (14.31%±3.46), (41.42%±2.08), and 
(54.53% ± 2.92) in groups I, II, III and IV, respectively 
(Figure 7). 

 

 
 

Figure 6. Alizarin Red S-stained sections of bone regeneration 
taken from 4 experimental groups as well as normal control 
specimens after 8 weeks; scale bar in all photos = 200 µm; C= 
normal control, I= defective sites + autologous bone, II= defective 
sites left empty, III= defective sites + platelet-rich plasma (PRP) + 
hydroxy-apatite/tricalcium-phosphate (HA/TCP) scaffold, IV= 
defective sites + HA/TCP + PRP + human adipose-derived 
mesenchymal stem cells (hAdMSCs) 
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Figure 7. Quantitative evaluation of the percentage of mean (± SD) 
surface area of newly-engineered bone tissue at differently treated 
osseous defects of 4 experimental groups. This value was 
considered as 100% in the normal control group; control= normal 
control, I= defective sites +autologous bone, II= defective sites left 
empty, III= defective sites + platelet-rich plasma (PRP) + hydroxy-
apatite/tricalcium-phosphate (HA/TCP) scaffold, IV= defective 
sites + HA/TCP + PRP + human adipose-derived mesenchymal stem 
cells (hAdMSCs). The percentage of the mean surface area of newly-
engineered bone tissue in the normal control group was 
significantly higher when compared to that of groups I (**P<0.01), 
II, III and IV (***P<0.001). This value in group I was significantly 
higher comparing to those of groups II (¥¥¥P<0.001), III (¥¥P<0.01) 
and IV (¥P<0.05). The percentage of the mean surface area of newly-
engineered bone tissue in group IV was significantly higher than 
that of group II (£££P< 0.001) and III (£P<0.05). This value in group 
III was significantly higher than that of group II (###P<0.001)  
 

Our statistical analysis showed that the percentage of 
mean (± SD) surface area of newly-engineered bone 
tissue in the normal control group (considered as 
100%) was significantly higher when compared to 
that of groups I (P<0.01), II, III and IV (P<0.001), 
respectively. In addition, the percentage of mean 
surface area of newly-engineered bone tissue in group 
I was significantly higher comparing to that of groups 
II (P<0.001), III (P<0.01) and IV (P<0.05), 
respectively. The percentage of mean surface area of 
newly-engineered bone tissue in group IV was 
significantly higher than that of group II (P<0.001) 
and III (P<0.05). In addition, this value in group III 
was significantly higher than that of group II 
(P<0.001) (Figure 7). 

 
In vivo cell tracing 

The immuno-histochemical reaction against 
osteocalcin protein of human origin showed its slight 
distribution throughout the bone matrix. In addition, 
the cytoplasm of a number of osteocytes positively 
reacted against this protein which was an indicator of 
their human origin (Figure 8). Furthermore, immune-
histochemical verification of BrdU-labeled implanted 
stem cells into the defective sites of group IV 
(defective sites + HA/TCP scaffolds + PRP + hAdMSCs) 
revealed the presence of positive-reacted osteocytes 
throughout the newly-formed bone tissue. In our 
approach, existing BrdU-labeled cells appeared owing 
dark brown nuclei which were dispersed throughout 
purple nuclei belonging to the host animal (Figure 8).  

 
 

 
Figure 8. In vivo tracing of positive immune-reacted human 
adipose-derived mesenchymal stem cells (hAdMSCs) against 
human osteocalcin (panel A) and BrdU (panel B) in tissue sections 
of group IV (defective sites + platelet-rich plasma (PRP)+ hydroxy-
apatite/tricalcium-phosphate (HA/TCP) scaffold + hAdMSCs) after 
8 weeks (indicated by black arrows). Panel C indicates control slide 
to validate there is no specific binding of antibodies; scale bar in all 
photos = 50 µm 
   
 

Quantification of positive immunoreacted cells 
Quantity of positive immune-reacted cells against 

BrdU- labeled chromatin and osteocalcin-containing 
granules were measured as (1.67 ± 0.89) and (1.39 ± 
0.78) per unit area (mm2), respectively. Indeed, this 
value showed limited distribution in the bone tissue 
sections of group IV (defective sites +HA/TCP 
scaffolds + hAdMSCs +PRP). However, the two values 
presented no significant difference when compared to 
each other (Figure 9). 

 
Figure 9. Quantitative assessment of the mean number (± SD) of 
positive immunoreacted cells per unit area (mm2) of the new bone 
tissue; 1= BrdU-positive cells, 2= Osteocalcin -positive cells. The 
two values presented no significant difference when compared to 
each other 
 

Discussion 
This study aimed to evaluate the effect of pre-

synthesized porous HA/TCP granules and PRP on the 
osteogenesis ability of hAdMSCs in vitro and in vivo. In 
addition, inserted hAdMSCs in vivo were traced to obtain 
more evidence on their biodistribution and possible 
contribution to bone tissue regeneration. In vitro, MTT 
assay revealed that 3, 5, and 11 days of co-incubation of 
hAdMSCs with 30 µg/ml HA/TCP granules significantly 
reduced the proliferation capacity of hAdMSCs, while 
passing days of co-incubation from day 3 to 11 inhibited             
the proliferation ability more significantly. However, PRP 
application in combination with HA/TCP granules 
augmented these capacities to a higher level. The best 
results were obtained when PRP was used alone at 3, 5, and 
11 days of co-incubation with hAdMSCs. Indeed, PRP 
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treatment alone boosted the proliferation capacity of 
hAdMSCs in comparison to other groups. Furthermore, 
through AZR S staining, we found that 14 and 21 days of 
incubation of hAdMSCs with 30 µg/ml HA/TCP granules in 
the osteogenic culture medium significantly decreased 
mineralized nodule formation. Supplementing the 
osteogenic culture medium containing HA/TCP granules 
with PRP enhanced the mineralization capacity of hAdMSCs. 
However, PRP application alone led to acquiring the 
greatest outcomes of mineralized nodule formation after 14 
and 21 days of incubation with hAdMSCs in the osteogenic 
culture medium. Unexpectedly, the results suggested that 
use of porous pre-synthesized HA/TCP granules 
significantly reduced the proliferation and mineralization 
capacity of hAdMSCs, while elimination of HA/TCP granules 
from the media supplemented with PRP considerably 
promoted these capacities. SEM evaluation of hAdMSCs sub-
cultured with HA/TCP granules supported this finding, as 
cell distribution and attachment onto the HA/TCP granules 
was estimated moderately. Although some investigators 
have concluded that HA/TCP could be an appropriate 
scaffold for bone tissue engineering as it potentiated 
osteogenic differentiation of marrow cells in vitro and in 
vivo, it seems that further effects of HA/TCP granules on 
viability and osteogenic differentiation ability of hAdMSCs 
should be verified more precisely as this kind of biomaterial 
is very commonly used clinically (8). In this study, we 
decided to use a combination of HA/TCP granules and PRP 
in vivo, as a scaffold was needed for filling the surgically-
created large osseous defects.   

In vivo, treatment of osseous defects with the 
combination of HA/TCP granules and PRP led to 
significantly superior bone tissue healing response in 
comparison to non-treated defects. However, the capacity of 
osteoconductive HA/TCP granules consumed in this study 
to induce bone formation should be evaluated in more 
detail. Furthermore, stem cell application promoted bone 
tissue regeneration of osseous defects. However cell-based 
therapy could not attain the top ranking to become a 
comprehensive alternative for autologous bone grafting, 
which still remains the gold standard method in 
regenerative medicine (20, 21). Histomorphometrical 
analysis of the newly-formed bone surface area proved our 
claim. Moreover, the destiny of implanted stem cells that 
were mismatched to the host tissue, were traced via 
immunohistochemistry methods. Several recent studies 
have debated the disappearance of injected stem cells into 
the injury site and thus, proposed a paracrine constructive 
effect for MSCs, while other studies found few mismatched 
implanted stem cells of donor origin throughout the newly-
formed bone tissue of host source  (7, 22). In our study, we 
found that although the considerable part of new-
engineered bone tissue was of host origin, osteocytes of 
human origin were incorporated into the fresh bone tissue 
and existed in the intimate neighborhood to the osteocytes 
of canine origin. However, morphometrical analysis 
revealed that only about 0.3% of the initial transplanted 
stem cells survived after an eight-week period in vivo. It has 
been hinted that MSC implantation into an osseous defect 
triggers a cascade of proangiogenic and host cell interesting 
events, which are central to the subsequent tissue repair 
and regeneration (23, 24).  

PPR is an autologous natural composition of high 
concentrates of platelets, considered as a growth factor-
delivery medium and employed as a proper alternative to a 

variety of administered growth factors in an attempt to 
stimulate the impressive healing response of host tissues 
(25). Upon degranulation, platelets become activated and 
release a wide range of pivotal mediators such as PDGF, 
VEGF, SDF-1, HGF, and IGF-1, which play a critical role in 
initiation of vasculogenesis and subsequent wound healing 
(3, 26). Beyond well-known bioactive components to 
neovasculogenesis contained in alpha granules of platelets, 
PRP has been assumed to include several numbers of 
cytokines introduced as stimulators of stem cell activation 
and mobilization (27). However, PRP application in 
regenerative procedures appears highly controversial; 
despite some findings regarding no significant relationship 
between use of PRP and enhancement of healing process, 
some investigators concluded the positive efficacy of PRP 
application in bone tissue regenerative procedures 
including sinus lifting methods, alveolar resorption after 
tooth extraction and even immediate implant loading 
techniques (28). Our findings were in line with the latter 
conclusions; since we found that PRP administration in 
combination with HA/TCP scaffold significantly improved 
the newly-formed bone area and thus, resulted in superior 
tissue regeneration than those in empty defects. Thus, the 
pivotal role of various growth factors contained in PRP in 
bone tissue regeneration has been implied. 

Choosing a proper animal model in regenerative studies 
should be considered as an important issue. Bone structure 
of primitive rodents lacks Haversian systems and so, 
studying its repair may lead to obtaining misleading results 
far from those that would benefit human beings (29). In 
addition, inflammatory and regenerative procedures in 
large mammals are more similar to human beings than 
smaller ones (30). Dogs are the first choice of regulatory 
agencies like FDA in evaluation of the efficacy and safety of 
an applicable method to humans and thus, have been 
accepted as an appropriate animal model in orthopedic 
surgeries since a long time ago due to their similarities to 
human beings in the healing response of the bone tissue  
(31, 32).  

However, limited number of defined groups and lack of 
some possible ones such as HA/TCP or PRP groups was one 
of the inadequacies of our study; but, reduction in the use of 
large animals persuaded us to perform the study with the 
mentioned defined groups.  

According to previous studies, after creating a surgical 
defect, bone tissue reconstruction in canine species 
requires at least 6 weeks to become detectable in 
histological and morphometric analyses (33, 34). Therefore, 
we decided to perform our study on bone regeneration at 8 
weeks post-surgery for more precise evidence. In addition, 
giving a longer period of time to animals might affect the 
percentage of newly-generated bone tissue, especially in 
MSC-received defects.  
To the best of our knowledge, this is the first study 
conducted to investigate the in vivo fate and probable 
contribution of transplanted MSCs into canine large-sized 
osseous defects. This could be helpful in future speculation 
of stem cell therapy in clinical chair-side approaches.  
 

Conclusion  
We found that PRP application could enhance the 

proliferation and mineralization capacity of hAdMSCs 
incubated with HA/TCP granules in vitro. More-ever, 
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we found that cell-based therapy was able to promote 
bone tissue regeneration in alveolar bone defects of 
mongrel dog while only a few implanted MSCs of 
human origin were incorporated into the fresh bone 
tissue and existed in the intimate neighborhood to the 
host osteocytes of canine origin.   
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