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 WAT is where triglyceride is stored primarily storage, 
while BAT is specified for energy spending and has the 
ability to offset obesity [5,6]. There are two types isolated 
from subcutaneous fat: cultured/relatively homogeneous 
adipose-derived stromal/stem cells (ASCs), and cultured/
heterogeneous stromal vascular fraction (SVF) cells [7]. 

 Choukroun et al [8] was the first to report that Platelet 
Rich Fibrin (PRF) can be used in maxillofacial surgery. 
Platelet-rich fibrin (PRF) is formed when platelet 
cytokines, platelets and growth factors entrapped 
in fibrin meshwork [9].The entrapped growth factors 
contribute in wound healing with many factors like 
collagen production, blood vessels growth, cell mitosis, 
recruitment of other cells migrating to the injury site, and 
cell differentiation induction [10,11]. When Mazor et al. 
[12] used PRF only as a filling in sinus lifting procedure, 
considerable bone has been detected in the sinus cavity.

  Despite being the gold standard for treatment of large 
bone defects, the autologous bone grafting may bear 
complications such as, donor site compromise, patient 
discomfort, and risk of graft resorption as well as 
dislodgement [3,13–15].

ABSTRACT

Autologous Adipose derived stem cells (ADSCs) are seen to be safe and abundant source of mesenchymal stem cells. Platelet 
rich fibrin (PRF) is platelet distillate that used usually in dental surgery setting, it contains many growth factors that help in 
alveolar bone healing. The experiment aimed to compare the bone formation in bone defects on either side of the maxillae 
of 2 dogs, after application of ADSCs (on the left side) and PRF (on the right side). Each defect was labelled as a group, as 
follows: group 1 and group 2 designated for the right sides, treated with PRF on Gelfoam®, of the brown dog and the black 
dog respectively, groups 3 and 4 were for the brown and black dogs respectively, and they were treated with the ADCSCs on a 
Gelfoam. After six months, the bone formation in the four groups was assessed using Computed Tomography (CT), and level 
of gene expression of Aggrecan, and collagen type two using PCR. CT indicated an increase in bone formation in the left sides 
treated with ADSCs in comparison with the right sides supplemented with PRF. The same goes for gene expression of Collagen 
type 2 and Aggrecan genes. We concluded that ADSCs generated more mineralized tissue than PRF over six months’ period.

INTRODUCTION                                                                 

  Basically, bone has an inherent capability of regeneration 
and healing itself after an injury or an infection; significant 
bone loss - from trauma, surgical procedures, and patholo-
gies such as, infections as well as tumors - requires tissue 
engineering interventions, whether it is cell based thera-
pies, bone grafts or guided bone regeneration (GBR) [1,2] .  
Autologous bone grafting is still a gold standard for large 
bone defects treatment because of its safety, high postop-
erative success, and clinicians can obtain the graft from the 
same subject [3]. Bone marrow stem cells (BMSCs) are the 
most common type of mesenchymal stem cells (MSCs) 
deployed in cell based therapies for bone regeneration [4].

 Adipose tissue is a type of connective tissue that is 
present in bone marrow (yellow bone marrow), around 
internal organs (visceral fat), under the skin (subcuta-
neous fat), and in breast tissues. It constitutes a large 
portion of the adult human body mass (at least 4%) and 
it plays a key role in energy balance regulation. White 
Adipose Tissue (WAT) and Brown Adipose Tissue 
(BAT) are the forms in which adipose tissue is found.
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 Bone marrow stem cells (BMSCs) on the other hand 
are difficult to obtain, their acquirement procedure 
may cause pain and discomfort, and their overall 
quantities are finite [4,16]. Notwithstanding its abundance 
in the human body, ADSCs transition toward the 
clinical application is challenging. Large scale ADSCs 
transplantation studies on animal and human subjects are 
still much needed in order to expedite ADSCs approval 
for clinical application and subsequently make this, 
feasible stem cell source, universally accessible [17].

 Aim of the study was to assess bone formation after 
creation of the bone defect in the maxilla of two dogs in 
both sides:  platelets rich fibrin in the right side and in 
left side Adipose derived stem cells. This was achieved 
through Radiographic and gene expression profile of bone 
formation. 

 How ADSCs treated site will fare in safety as well as in 
the induction of bone formation in comparison with the 
platelet rich fibrin treated sites?  

MATERIALS AND METHODS :                                                                            

 The study was done in accordance with the U.K. Animals 
(Scientific Procedures) Act, 1986. The experiment was 
approved ethically by Banha University. The approval 
number is BUFVTM 06- 11- 21.

2.1 Collection of adipose tissue: -

 Two male Mongrel dogs (The first dog is brown in color 
and weighted 12.8 kg and the second dog color is black 
and weighted13 kg) were kept in the dogs’ kennel at the 
department of surgery, Anesthesiology and Radiology 
faculty of veterinary medicine Benha university. We 
premedicated the dogs with atropine sulfate in a dose 
rate of 0.04 mg/kg body weight followed by xylazine 
hydrochloride (Xyla-Ject, Adwia, Egypt) at a rate of 
1.5mg/kg body weight, both were given intramuscularly 
at 10 minutes’ interval. General anesthesia was induced 
by Ketamine Hydrochloride (ketamax-50, Troikaa 
pharmaceuticals ltd, India) at a rate of 5mg/kg body 
weight via intramuscular injection. The anesthesia was 
maintained by intravenous propofol (Diprivan 10mg, 
Astra Zeneca, UK) injection in a dose rate of 5mg/kg [18–21].

 Lapatotomy incision was performed in the skin 
and subcutaneous tissue till reaching to the level of 
subcutaneous fat. The fat was autologous because they 
are collected from the same animals. The site of collection 
subcutaneous fat in the abdominal area, shown in (Figure 
1). The sample was washed with warm Phosphate buffer 
saline (PBS) and NaCl very well to remove blood cells and 
any tissue remains. The samples were collected in tubes 
containing PBS [22]. The weight of collected fat was 15 mg.

2.2 Adipose derived stem cell preparation: -

 Sample was prepared at general histology department 
laboratory, Banha University. We washed the fat sample 
with phosphate buffer saline (PBS) and used scalpel to 
mince the fat into smaller pieces. 

 0.075% Collagenase type II (Serva Electrophoresis 
GmbH, Mannheim), in Hank’s Balanced Salt Solution 
was used to digest extracellular matrix for one hour at 
37°C in a 5% CO2 incubator with at 10 min intervals 
shake. Digested tissue was filtered and centrifuged, and 
erythrocytes were removed by treatment with erythrocyte 
lysis buffer. We obtained cellular pellets after using a cell 
strainer to filter out the debris and centrifugation at 3000 
r/m for 10 minutes. Resuspension in culture medium [23]. 

 The cells were transferred to tissue culture flasks with 
Dulbecco Modified Eagle Medium (DMEM, Gibco/ BRL, 
Grand Island, New York, USA) supplemented with 10% 
fetal bovine serum (Gibco/BRL) and, after an attachment 
period of 24 hours, non-adherent cells were removed by a 
PBS wash.

 Attached cells were cultured in DMEM media 
supplemented with 10% fetal bovine serum FBS, 1% 
penicillin-streptomycin (Gibco/ BRL), and 1.25 mg/L 
amphotericin B (Gibco/BRL), and expanded in vitro. At 
80-90% confluence, cultures were washed twice with 
PBS and the cells were trypsinized with 0.25% trypsin 
in 1 mM EDTA (Gibco/BRL) for 5 min at 37oC. After 
centrifugation, cells were resuspended with serum-
supplemented medium and incubated in 50 cm2 culture 
flask (Falcon). The resulting cultures were referred to as 
first-passage cultures and expanded in vitro until passage 
three. ADSCs in culture were characterized by their 
adhesiveness and fusiform shape, by flow cytometry 
for ADSC surface markers CD45− and CD29+ [24].

2.3 Collection of PRF: -

 A phlebotomy was performed from in the forelimb vein 
to obtain 10 mL venous blood via 18-gauge needle, as 
shown in (Figure 2). The blood divided equally on two 
coagulant-free, and sterile vacutainer tubes in order to 
achieve the balance around rotor axis of the centrifuge. 
We centrifuged the blood at 3000 rpm (400 g), for 12 min.

 After centrifugation, the blood settled in three different 
layers: the upper straw-colored layer was the acellular 
plasma, the middle portion contained the fibrin clot, and 
the red-colored lower portion, which was the red blood 
cells. We discarded the upper straw colored portion, then 
the middle portion containing the fibrin clot was obtained, 
just 2 mm below to the dividing line between lower and 
middle portions [25,26].
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2.4 Creation of the bone defect: - 

 First, local anesthesia with adrenaline (Carpulemepe-
caine-L mapecaine HLC levonoardefrine 1/20000, 
Alexandria Company for Pharmaceuticals & Chemi-
cal Industries) for the of hemostasis and pre-analge-
sia. It was done by the infiltration technique; 1.2 ml 
of the anesthesia carpule was injected above canine 
root - at the junction of labial mucosa and the attached 
mucosa - on the labial surface of the dogs ‘canines.
The rest of the carpule, 0.6ml, went into the rugae area 
at a point between the palatal gingiva of the upper ca-
nines and median palatine raphe on the hard palate.

  Next, two mucoperiosteal semilunar flaps – one on the 
right side and one on the left side - was performed on each 
dog.  They were cut using scalpel number 3 with parker 
blade number 15. The flaps were raised using mucoperios-
teal elevator.  The flaps are located on the attached gingiva 
above roots of canines (teeth number 204, 203, and 202) [27].

 The bone defects were created in the safety area mesial 
to the canines far away from maxillary sinus. Surgical 
round bur mounted on straight hand piece, connected to 
micro motor, was used to create four stop cuts to delin-
eate the defect as well as to avoid unwanted overcutting. 
After that, a fissure surgical bur was used to connect be-
tween the stop cuts and create the final form of the de-
fect. All was done under copious irrigation of saline.

 The shape of the bone defects was circular; their depth 
was 0.5 cm and width was 0.5 cm. Their volume was 125 
ml as shown in (Figure 3). The defects were named and 
divided into four groups: First group (first created bone 
defect) would be the right side of brown dog treated with 
PRF, second group (second defect) would be the right 
side of the black dog treated with PRF, the third group 
(third defect) was the left side of the brown dog treated 
with ADSCs, and finally the forth group (forth bone 
defect) was the black dog’s left side treated with ADSCs.
 
2.5 Insertion of ADSCs and PRF

 After the defects were completed, in the same session, PRF 
was obtained after gentle pressing with sterile dry gauze 
and put into the bone defect of the right side. Subsequently, 
repositioning of the mucoperiosteal flap was done and re-
sorabable vicryl material interrupted suture was done.

After one week, we received ADSCs from the laboratory in 
a falcon tube. We put the two dogs again through the same 
anesthesia protocol we applied during the first session. We 
opened the mucoperiosteal flap on the left side and exposed 
the bone defect Adipose derived stem cells were carried on 
the transmitting media (Gelfoam®) and put into the bone 
defect on the left side of both dogs as shown in (Figure 4). 
Then, the corresponding mucoperiosteal flap was reposi-
tioned and closed by vinyl interrupted suture [28,29]. (Figure 5).

2.6 Post-operative care: -

 Postoperative care was done by putting animals in 
separate boxes, with administration of antibiotics for 
seven days, Synulox (Amoxicillin and clavenolic 
acid)1cm/ 20kg subcutaneously, and analgesic (Carpro-
fen 5%, 50mg, Adwia, Egypt) for three days [30]. Diet 
Restriction for three days to the half the amount was 
achieved. The dogs were kept under observation for 
any local or systemic reactions and complications [31].

2.7 Radiographic Imaging and biopsy: -

 After six months, the dogs were prepared for the biopsies 
as well as Computed tomography (CT) radiographs. They 
were generally anesthetized using Ketamine Hydrochlo-
ride (ketamax-50, Troikaa pharmaceuticals ltd, India) at 
a rate of 5mg/kg body weight via intramuscular injection. 
The anesthesia was maintained by intravenous propofol 
(Diprivan 10mg, Astra Zeneca, UK) injection in a dose rate 
of 5mg/kg.

 Mucoperiosteal Flaps were performed at the same lo-
cation and biopsies were taken in order to test the 
genes expression profile, and the placed immediately 
in cryo tubes and stored in RNA Later solution (by 10 
µL per 1 mg of tissue) (Qiagen-GmbH, Germany) at-
80°C. Mucoperiosteal Flaps were repositioned and 
closed by resorabablevicryl material interrupted suture.

 Then, the dogs transported for CT radiographs. They 
were taken by CBCT machine is planmeca model pro-
face Finland. field of view 17*20 with voxel size 200 
microns the arrows showed us the density tool mea-
surements in the romexis software in Hounsfield units.

 Animals were put in separate boxes to achieve post-
operative care. Antibiotics were administered for 
seven days, Synulox (Amoxicillin and clavenolic 
acid)1cm/ 20kg subcutaneously, with analgesic (Car-
profen 5%, 50mg, Adwia, Egypt) for three days. Half 
amount of the diet administered for three days. The ani-
mals were observed for any local or systemic reactions.

2.8 Gene Expression profile: - 

2.8.1 Total RNA Extraction

 Total RNA extraction was done by using total RNeasy 
Mini (Qiagen-GmbH, Germany). Rotor Tissue Ruptor was 
used to homogenize the sample and was used according to 
the manufacture instructions (Qiagen-GmbH, Germany).
We eluted total RNA in nuclease- free water, and used 
Nanodrop spectrophotometer (Thermoscientific, 2000 
USA) to quantify total RNA spectrophotometrically.
 Pure RNA has an A260/A280 ratio of 1.8-2.0, and kept at 
-80 °C until use. 
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2.8.2 Synthesis of cDNA

 We used 10 µL 2X Reverse Transcriptase Master Mix 
(Applied Bio system, USA) with 2 μg of total RNA in 10 
µL for each sample for the purpose of synthesizing First-
strand cDNA by the process of reverse transcription [32]. 

2.8.3 Assessment of Genes Expression 

 Quantitative Real Time PCR amplifications were per-
formed with RT² SYBR Green qPCRMastermix (Qiagen-
GmbH, Germany), in the thermocycler Real time PCR 
(Applied Biosystem 6900 Real time PCR, USA), un-
der the following cycle conditions: 10 minutes at 95 ˚C 
for initial denaturation, followed by 40 cycles of 95 ˚C, 
15 seconds, then 60 ˚C for one minute. For cDNA am-
plification primers of Aggrecan, and Collagen II were 
used and normalized by housekeeping genes GAPDH.
All primers were designed using NCBI Primer- BLAST 
software listed in table 1 [33,34].

2.8.4 Data Analysis and Statistics

 Calculate the Threshold Cycle (∆CT) for each well using 
the real-time cycler software. Dissociation (melting) curve 
analysis was performed to verify PCR specificity. A melt-
ing curve program was run and generated a first derivative 
dissociation curve for each well using the real-time cycler 
software. The fold change for each gene calculated using 
the formula: 2(-∆∆CT) (Livak and Schmittgen, 2001). The 
p values are calculated based on a Student’s ttest of the 
replicate 2^ (-Delta Ct) values for each gene in the control 
group and treatment groups and p values less than 0.05.

 RNA purification kit (Gene JET, Kit, #K0731, Ther-
mo Fisher Scientific Inc. Germany) was used to iso-
late total RNA. Then, reverse transcriptase transcribed 
RNA into complementary DNA (cDNA), After that 
the cDNA was used as the template for the qPCR reac-
tion. Real-time reverse transcription polymerase chain 
reaction (RT-qPCR) was used for RNA quantification 
and it was achieved by SensiFast, SYBR Hi-ROX One-
step Kit, catalog number. PI- 50217 V, Bioline, UK.

2.8.5 Statistical Analysis

 We entered and coded our data by utilizing the statistical 
package SPSS (Statistical Package for the Social Sciences) 
version 23. Data was interpreted by Scheffé's statistical 
method. 

RESULTS                                                                        

3.1 Stem cells preparation results
Flow cytometric analysis for identification of adipose de-
rived stem cells showed the cells were   CD 29 positive as 
well as CD 45 negative.

 Stem cells in the third passage appeared to have fibroblast 
cells appearance (spindle shaped with long anastomosing 
cells’ processes.
Stem cell differentiation into osteal tissue in the created 
bone defect site was indicative that the isolated cells are 
indeed stem cells.

3.2 Radiographic results

 Computed tomography (CT) of the two dogs revealed 
that bone density on the stem cell treated sites is higher 
than that of the PRF treated sites. The CT image for the 
black dog shows the fourth group (ADSCs treated bone 
defect of the left site) with higher bone density of 357 HU. 
The bone density of the second group (the black dog’s right 
side treated with PRF) is 164 HU, which is significantly 
lower than the left stem cell treated site. (Figure 7, A).  
The CT image for the brown dog shows the bone densi-
ty of the left site treated with adipose derived stem cells 
(group 3) is 275 Hounsfield unit (HU), while the right site 
which treated with PRF (group 1) demonstrated much 
lower bone density, 189 HU, showed in (Figure 7, B).

3.3 Gene expression results

 Gene expressions of aggrecan& collagen II genes are 
presented in the (Figure 8). PRF caused an increase in 
expression of aggrecan and collagen II genes in the first 
and second group. In the other hand, Adipose derived stem 
cells (ADSCs) caused significant upregulation of both ag-
grecan and collagen II gene expression in the third and 
fourth groups, that is according to quantitative reverse 
transcriptase-PCR analysis. Overall, there was a signifi-
cant upregulation of aggrecan, collagen II expression in 
the third and fourth groups, treated with ADSCs, in com-
parison with the first and second groups, treated with PRF.

Table 1:  Primer sequences used for the Real-Time PCR.

Gene 
symbol

Primer sequence
from 5′- 3′

Genbank accession 
number

Collagen 
Type 2

Forward primer:  
5'-TGAATGGAAGAGCGGAGACT-3'
Reverse primer: 5'-CCACCATTGAT-
GGTTTCTCC-3'

 NG_008072.1

Aggrecan Forward primer:  
5'-ACCCCT-GAGGAACAGGAGTT-3'
ReversePrimer: 
5'-GTGCCAGATCATCACCACAC-3'

NG_012794.1

 GAPDH Forward primer:
5'-GATTGTCAGCAATGCCTCCT-3'
Reverse primer:                                     
5'-GTGGAAGCAGGGATGATGTT-3'

NC_000012.12



92

ADSCS VS PRF ROLE IN INDUCED BONE DEFECT

Figure1: Adipose tissue collection. A) Hair removal of the abdominal area before the incision was made. B) Adipose tis-
sue being cut from subcutaneous fat .C) Fat tissue after being collected. D) Incision was closed after the adipose collecting 

procedure.

Figure 2: - Phlebotomy was done in the forelimb vein to prepare PRF.

Figure 3: - A) Bone defect on the left side of the black dog, before ADSCs insertion. B) Bone defect on the right side of the 
brown dog, before insertion of ADSCs.
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Figure 4: - A) Insertion of Gelfoam loaded with ADSCs on the left side of the black dog. B) Insertion of Gelfoam loaded 
with ADSCs on the left side of thee brown dog.

Figure 5: - A) Left side of the brown dog after gel foam loaded with ADSCs. B) Black dog left side bone defect after inser-
tion of Gelfoam loaded with ADSCs. C) Brown dog left side after closure. D) Black dog left side after suturing and closure.

Figure 6: - A) Right side of the brown dog after one week of healing. B) Right side of the black dog after one week of 
healing.
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Figure 7: - A) CT image for the black dog. It shows higher bone density on the left side than the right one. B) CT image for 
the brown dog. It demonstrates higher bone density on the left side than the right one.

Figure 8: - Different groups on the graph demonstrates Higher expression of Aggrecan and Collagen 2 genes in groups 
treated with ADSCs (Groups, 3 and 4) in comparison with the groups treated with PRF (First and second groups).
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DISCUSSION                                                                          

 We chose to utilize autologous ADSCs as a source for 
stem cells in our experiment for numerous reasons: they 
are easy accessible, they are from the same living organ-
ism, thus, eliminating the consequences of immune rejec-
tion and complications of cross infection, abundance of fat 
tissue in most organisms, post-operative pain and compli-
cations are minimal in comparison with BMSCs, studies 
demonstrated their capacity of inducing mineralized tissue 
formation in vivo [35,36]. Our study used PRF as control 
to determine if ADSCs would stimulate bone formation; 
PRF is frequently used in wound healing, as it contains 
cytokines, growth factors, and can act as a matrix to guide 
stem cells and signals to induce bone generation [37–39].

 Gel foam was also used as a scaffold to convoy ADSCs, 
as well as PRF to the bone defect sites, and to test their 
effectiveness and biocompatibility with ADSCs. Gelfoam 
has been used in clinical setting for some time now, be-
cause it mainly has a good safety record, biodegradability, 
biocompatibility in surgical sites, low cost material, and 
approved by most regulating bodies. All these properties 
are significant if we want to establish a safe protocol for 
deployment of stem cells to wound sites without worry-
ing about safety and costly experimental scaffolds [40–42].

 We performed the study on a large animal model, since 
there were a very few studies that experimented on 
larger organisms. Testing on larger animals would give 
an insight into the effectiveness of ADSCs in induc-
ing mineralization of a bone defect, and whether ADSCs 
are safe to be implanted in vivo or not [43–45]. It would 
also give us an understanding on how the bone defect 
size of large mammals would affect the administration 
of ADSCs, as there is no universal protocol that deter-
mine whether the bone defect size is critical or mild [46].

 Our experiment determined that bone formation in the 
Adipose derived stem cells (ADSCs) treated site is much 
more than the bone formed in Platelet rich fibrin site (PRF) 
treated site. Our findings were drawn from the assess-
ment of computed tomography (CT) radiographs - there 
were not many studies that used CT radiograph in clinical 
evaluation of bone formation in case of ADSCs - as well 
as the genes - involved in the osteogenic differentiation - 
expression profile. A significant increase in bone density 
in groups four and three, which treated with Adipose de-
rived stem cells, can be detected in the CT radiographs. It 
is evidenced by increased Hounsfield unit (HU): 275 HU 
for group 3 and 357 HU for group 4, while group 1 and 2, 
which treated with PRF, would be 189 HU and 164 HU 
respectively. Beside the bone formation in the created de-
fects, the CT radiographs showed no abnormal growths or 
lesions. That means that the autologous ADSCs used in in 
that experiment are safe and they have osteogenic 
potential.

 Gene expression profile showed an increased ex-
pression of Collagen 2 and aggrecan genes. Colla-
gen 2 gene is associated with osteogenesis, while ag-
grecan gene is associated with chondrogenesis [47].  
Which indicates that the cartilage tissue might be 
formed either alongside the osteal tissue or preceded it.  

There are numerous studies that have shown the osteogenic 
and chondrogenic potential of ADSCs in both in-vitro and 
in animal models. The exact pathway for bone formation 
by ADSCs is not yet understood. It is established that, in 
a controlled environment - in vitro - the ADSCs either dif-
ferentiate into bone and cartilage forming cells directly, 
which secrete mineralized tissue. In order for the Adipose 
derived stem cells to have osteogenic potential, osteo-
genic medium, containing 1 nM dexamethasone, 2 mM 
β-glycerolphosphate and 50 µM ascorbate-2-phosphate for 
14 days, should be added to the stem cells after reaching 
80–90% confluence, and the medium should be replaced 
every two to three days [23,48]. The golden standard of iden-
tifying osteogenic tissue after differentiation is by 40 mM 
Alizarin Red (pH 4.1) after fixation in 10% formalin [49]. 

 To get chondrogenic differentiation from ADSCs af-
ter reaching confluency they are supplemented with 
insulin growth factor, ascorbate-2-phosphate, dexa-
methasone, L-proline, BMP6 and 7, and TGF-β. In the 
other hand, they can also be seeded into cartilage induc-
ing scaffold such as, polyglycolic acid scaffold to in-
duce the ADSCs to differentiate into chondrocytes [50–52]. 

 In the event that stem cells are implanted in vivo, as in 
our experiment with Gelfoam scaffold, they migrate and 
secrete cytokines and growth factors that induce differ-
entiation of the microenvironment’s cells into osteoblast 
and chondrocytes. Tumor necrosis factor α (TNFα), b-FGF 
(basic Fibroblast Growth Factor), interleukin one β, inter-
leukin six, and Growth differentiation factor 11 (GDF11) 
are the specific proteins secreted by ADSCs to induce 
cells to differentiate into osteoblasts and chondrocyte [53].

 It was demonstrated in the literature that the majority of 
transplanted mesenchymal stem cells do not survive in the 
new environment and most likely do not differentiate, in 
the contrary of the controlled in-vitro setting, which re-
quires adding proliferation, as well as differentiation stim-
ulating proteins [54–60].

 Our experiment’s new formed mineralized tissue re-
sult is consistent with many animal models experiments 
- rodents, rabbits and canines – in which ASCs are im-
planted either in a created bone defect or around dental 
implant: Evaluation of the resultant mineralized tissue 
may differ, nevertheless, a significant mineralized tissue 
was formed after ADSCs are implanted with a scaffold. 
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 An example of a study which its result is consistent 
with ours, is a small animal model experiment was done 
by Hakan Orbay et al. in which they created critical size 
calvarial defects in rats, then tried to fill the defects by 
hydroxyapatite/poly (lactide-co-glycolide) [HA-PLG] 
scaffolds seeded with adipose derived stem cells. Al-
though the assessment of the results are different than 
our experiment - they evaluated the results by using mi-
cro computed tomography (micro CT) and histologically 
by hematoxylin and eosin staining method to analyze 
the resultant mineralized tissue - a significant mineral-
ized tissue created in ADSC with a scaffold groups [60].

 In another study on rabbits a critical tibial defect 
was created and filled with hydroxyapatite scaffold 
loaded with ADSCs in one group and the other group 
involved only hydroxyapatite scaffold, it was shown 
that the first group has more mineralized tissue than the 
second group and was evaluated using biomechanical, 
histomorphometric, immunohistochemical methods [61].

 Despite our study confirms the paradigm that ADSCs are 
capable of inducing mineralized tissue in a bone defect, 
the experiment came with some limitations: histological 
assessment of the newly formed mineralized tissue should 
have been done to figure out its the quality and quantity 
and to find any abnormalities histologically, and more 
osteogenic and chondrogenic genes, other than aggrecan 
and collagen type 2 genes, should have been tested, and 
periodic radiographic assessment should have been done 
after six months, but the dogs were not available, after our 
experiment.

CONCLUSION                                                                       

 ADSCs derived from dogs’ adipose tissue are implanted 
with Gelfoam inside a created bone defect, they generated 
more mineralized tissue than PRF, which is derived from 
the dogs’ blood, over six months’ period. The ADSCs are 
not approved for clinical use yet, so more experiments on 
large mammals and periodic histological and radiographic 
assessment are required to determine ADSCs implanta-
tion safety and effectiveness [62,63]. Protocols, that govern 
autologous and allogenous ADSCs preparation, preserva-
tion, and banking, should be standardized. More research 
is required to determine how exactly ADSCs affect the dis-
eased cells in the microenvironment to differentiate into 
required cell lineages, by studying exosomes secreted by 
ADSCs in vivo, and cytokines. 

AUTHOR CONTRIBUTIONS:                                                                      

 Samir Halawa, Abdelhaleem Elkasapy, and Ahmed 
Othman conceptualize the experiment. Samir Hala-
wa, Abdelhaleem Elkasapy constructed, supervised, 
visualized the study, and analyzed the data. Ahmed 
Othman is responsible for writing—original draft

 preparation, writing—review and editing. Olla Khalifa 
validated both the data and methodology. 
All authors have read and agreed to the published version 
of the manuscript.

FUNDING:                                                                       

This research received no external funding

CONFLICTS OF INTEREST                                                                        

There are no conflicts of interest.

REFERENCES                                                                         

1.  Majidinia M, Sadeghpour A, Yousefi B. The roles of 
signaling pathways in bone repair and regeneration. J Cell 
Physiol. 2018. doi:10.1002/jcp.26042

2.  Elgali I, Omar O, Dahlin C, Thomsen P. Guided bone 
regeneration: materials and biological mechanisms revis-
ited. Eur J Oral Sci. 2017. doi:10.1111/eos.12364

3.  Sakkas A, Wilde F, Heufelder M, Winter K, Schramm A. 
Autogenous bone grafts in oral implantology—is it still a 
“gold standard”? A consecutive review of 279 patients with 
456 clinical procedures. Int J Implant Dent. 2017;3(1):23. 
doi:10.1186/s40729-017-0084-4

4.  Li J, Huang Z, Li B, Zhang Z, Liu L. Mobilization 
of Transplanted Bone Marrow Mesenchymal Stem Cells 
by Erythropoietin Facilitates the Reconstruction of Seg-
mental Bone Defect. Stem Cells Int. 2019;2019:1-13. 
doi:10.1155/2019/5750967

5.  Gesta S, Tseng YH, Kahn CR. Developmental Origin of 
Fat: Tracking Obesity to Its Source. Cell. 2007;131(2):242-
256. doi:10.1016/j.cell.2007.10.004

6.  Witkowska-Zimny M, Walenko K. Stem cells from 
adipose tissue. Cell Mol Biol Lett. 2011;16(2):236-257. 
doi:10.2478/s11658-011-0005-0

7.  Gimble JM, Bunnell B a, Chiu ES, Guilak F. Concise 
review: Adipose-derived stromal vascular fraction cells 
and stem cells: let’s not get lost in translation. Stem Cells. 
2011;29(5):749-754. doi:10.1002/stem.629

8.  Choukroun J, Adda F, Schoeffler C, Vervelle A. The op-
portunity in perio-implantology: The PRF. January 2001. 
https://www.scienceopen.com/document?vid=38d30c61-
808c-4355-bda4-1eb440085011. Accessed March 9, 2018.

9.  Kumar KR, Genmorgan K, Abdul Rahman SM, Rajan 
MA, Kumar TA, Prasad VS. Role of plasma-rich fibrin in 
oral surgery. J Pharm Bioallied Sci. 2016;8(Suppl 1):S36-
S38. doi:10.4103/0975-7406.191963



97

 Ahmed Othman et al .

1999;14(1):1-9. doi:10.1016/S1096-2867(99)80021-8

22.  Bunnell BA, Flaat M, Gagliardi C, Patel B, Ripoll 
C. Adipose-derived Stem Cells: Isolation, Expansion and 
Differentiation. Methods. 2008;45(2):115. doi:10.1016/J.
YMETH.2008.03.006

23. Bunnell BA, Flaat M, Gagliardi C, Patel B, Ripoll C. 
Adipose-derived stem cells: Isolation, expansion and dif-
ferentiation. Methods. 2008;45(2):115-120. doi:10.1016/j.
ymeth.2008.03.006

24. JW K, B W, C R, PM V, C K, K R. Isolation, character-
ization, differentiation, and application of adipose-derived 
stem cells. Adv Biochem Eng Biotechnol. 2010;123:55-
105. doi:10.1007/10_2009_24

25.  Saluja H, Dehane V, Mahindra U. Platelet-Rich fibrin: 
A second generation platelet concentrate and a new friend 
of oral and maxillofacial surgeons. Ann Maxillofac Surg. 
2011;1(1):53. doi:10.4103/2231-0746.83158

26.  Kobayashi M, Kawase T, Horimizu M, Okuda K, 
Wolff LF, Yoshie H. A proposed protocol for the standard-
ized preparation of PRF membranes for clinical use. 2012. 
doi:10.1016/j.biologicals.2012.07.004

27. Skinner A, Niemiec B. Semilunar Coronally Ad-
vanced Periodontal Flap to Increase Soft Tissue Coverage 
of a Maxillary Fourth Premolar in a Dog: http://dx.doi.
org/101177/0898756417714415. 2017;34(2):100-105. 
doi:10.1177/0898756417714415

28.  Damous LL, Nakamuta JS, Carvalho AETS de, et al. 
Scaffold-based delivery of adipose tissue-derived stem cells 
in rat frozen-thawed ovarian autografts: preliminary stud-
ies in a rat model. J Assist Reprod Genet. 2015;32(8):1285. 
doi:10.1007/S10815-015-0527-X

29.  Seddik Abd El-Gelil A, Mohamed Dawod Y. EF-
FECT OF PLATELET RICH PLASMA-ENRICHED 
GELFOAM ON CHRONIC TYMPANIC MEMBRANE 
PERFORATION. Al-Azhar Med J. 2020;49(1):175-182. 
doi:10.21608/AMJ.2020.67548

30.  Delgado C, Bentley E, Hetzel S, Smith LJ. Carprofen 
provides better post-operative analgesia than tramadol in 
dogs after enucleation: A randomized, masked clinical tri-
al. J Am Vet Med Assoc. 2014;245(12):1375. doi:10.2460/
JAVMA.245.12.1375

31.  Post-Operative Instructions in Dogs | VCA Animal 
Hospital. https://vcahospitals.com/know-your-pet/post-
operative-instructions-in-dogs. Accessed August 23, 2021.

32. Fisher Scientific T. High-Capacity cDNA Reverse 
Transcription Kits. www.thermofisher.com/us/en/home/
global/terms-and-. Accessed August 9, 2021.

10.  Borie E, Oliví DG, Orsi IA, et al. Platelet-rich fibrin 
application in dentistry: A literature review. Int J Clin Exp 
Med. 2015;8(5):7922-7929.

11.  K KN, S MK, Raj N DT, Lecturer S, and P. Plate-
let Concentrates: A Promising Innovation In Dentistry. J 
Dent Sci Res J Dent Sci Res. 2011;21:50-61. doi:papers3://
publication/uuid/6E4527C7-EDB9-4950-A092-C8CED-
6574F0E

12. Mazor Z, Horowitz RA, Del Corso M, Prasad HS, 
Rohrer MD, Dohan Ehrenfest DM. Sinus Floor Augmenta-
tion With Simultaneous Implant Placement Using Chouk-
roun’s Platelet-Rich Fibrin as the Sole Grafting Material: A 
Radiologic and Histologic Study at 6 Months. J Periodon-
tol. 2009;80(12):2056-2064. doi:10.1902/jop.2009.090252

13.  Sakkas A, Ioannis K, Winter K, Schramm A, Wilde F. 
Clinical results of autologous bone augmentation harvest-
ed from the mandibular ramus prior to implant placement. 
An analysis of 104 cases. GMS Interdiscip Plast Reconstr 
Surg DGPW. 2016. doi:10.3205/iprs000100

14.  Sakkas A, Schramm A, Karsten W, Gellrich NC, Wilde 
F. A clinical study of the outcomes and complications asso-
ciated with zygomatic buttress block bone graft for limited 
preimplant augmentation procedures. J Cranio-Maxillofa-
cial Surg. 2016. doi:10.1016/j.jcms.2015.12.003

15.  Rogers GF, Greene AK. Autogenous bone graft:  ba-
sic science and clinical implications. J Craniofac Surg. 
2012;23(1):323-327. doi:10.1097/SCS.0b013e318241dcba

16.  Şovrea AS, Boşca AB, Constantin AM, Dronca E, Ilea 
A. State of the art in human adipose stem cells and their 
role in therapy. Rom J Morphol Embryol. 2019;60(1):7-
31. http://www.ncbi.nlm.nih.gov/pubmed/31263824. Ac-
cessed July 16, 2019.

17.  Chu D-T, Nguyen Thi Phuong T, Le Bao Tien N, et al. 
Clinical Medicine Adipose Tissue Stem Cells for Therapy: 
An Update on the Progress of Isolation, Culture, Storage, 
and Clinical Application. doi:10.3390/jcm8070917

18.  Xylazine HCl Injection 20 mg/mL for Animal Use - 
Drugs.com. https://www.drugs.com/vet/xylazine-hcl-in-
jection-20-mg-ml.html. Accessed August 8, 2021.

19.  Hydrochloride X. COMMITTEE FOR VETERI-
NARY MEDICINAL PRODUCTS. 1999. http://www.
emea.eu.int. Accessed August 8, 2021.

20. K J. Ketamine hydrochloride--an adjunct for an-
algesia in dogs with burn wounds. J S Afr Vet Assoc. 
1998;69(3):95-97. doi:10.4102/JSAVA.V69I3.825

21. MM G, LA W. Propofol: application in veterinary seda-
tion and anesthesia. Clin Tech Small Anim Pract. 



98

ADSCS VS PRF ROLE IN INDUCED BONE DEFECT

33.  RT2 SYBR Green FAST Mastermixes. https://www.
qiagen.com/us/products/discovery-and-translational-
research/pcr-qpcr-dpcr/qpcr-assays-and-instruments/
mrna-incrna-qpcr-assays-panels/rt2-sybr-green-fast-
mastermixes/. Accessed August 10, 2021.

34. Lorenz H, Wenz W, Ivancic M, Steck E, Richter W. 
Early and stable upregulation of collagen type II, collagen 
type I and YKL40 expression levels in cartilage during 
early experimental osteoarthritis occurs independent of 
joint location and histological grading. Arthritis Res Ther. 
2005;7(1):R156. doi:10.1186/AR1471

35.  Zhu Y, Liu T, Song K, Fan X, Ma X, Cui Z. Adipose-
derived stem cell: a better stem cell than BMSC. Cell 
Biochem Funct. 2008;26(6):664-675. doi:10.1002/
CBF.1488

36.  Sándor GK, Tuovinen VJ, Wolff J, et al. Adipose Stem 
Cell Tissue–Engineered Construct Used to Treat Large 
Anterior Mandibular Defect: A Case Report and Review of 
the Clinical Application of Good Manufacturing Practice–
Level Adipose Stem Cells for Bone Regeneration. J Oral 
Maxillofac Surg. 2013;71(5):938-950. doi:10.1016/J.
JOMS.2012.11.014

37.  Souza Magalhães V, Alves Ribeiro R, Leite do Amaral 
JMB, Castro Pimentel A, Anami Paulim L, G. Roman-
Torres CV. The use Platelet Rich Fibrin in dental implants: 
A literature review. Trends Transplant. 2018;11(2). 
doi:10.15761/TIT.1000253

38.  PRF in Oral Surgery: A Literature Review. https://
www.omicsonline.org/open-access/prf-in-oral-surgery-
a-literature-review-.php?aid=82960. Accessed August 7, 
2021.

39. Ali S, Bakry SA, Abd-Elhakam H. Platelet-rich fibrin 
in maxillary sinus augmentation: A systematic review. J 
Oral Implantol. 2015;41(6):746-753. doi:10.1563/AAID-
JOI-D-14-00167

40.  JY L, MH C, EY S, YK K. Autologous mesenchymal 
stem cells loaded in Gelfoam(®) for structural bone allograft 
healing in rabbits. Cell Tissue Bank. 2011;12(4):299-309. 
doi:10.1007/S10561-010-9194-4

41.  Wofford A, Bow A, Newby S, et al. Human Fat-Derived 
Mesenchymal Stem Cells Xenogenically Implanted in a 
Rat Model Show Enhanced New Bone Formation in Max-
illary Alveolar Tooth Defects. Stem Cells Int. 2020;2020. 
doi:10.1155/2020/8142938

42. R R, MV S, RS M. Gelatin sponges (Gelfoam) 
as a scaffold for osteoblasts. J Mater Sci Mater Med. 
2008;19(3):1173-1182. doi:10.1007/S10856-007-3154-Y

43. L  de G, E A, D S, et al. Role of autologous rabbit 
adipose-derived stem cells in the early phases of the re-
pairing process of critical bone defects. J Orthop Res. 
2011;29(1):100-108. doi:10.1002/JOR.21184

44.  FC T, CJ R, IN S, MC F. Stem cells from the fat tissue 
of rabbits: an easy-to-find experimental source. Aesthetic 
Plast Surg. 2007;31(5):574-578. doi:10.1007/S00266-007-
0001-Y

45.  MarxCamila, Dornelles S, NardiNance B. Adipose-
Derived Stem Cells in Veterinary Medicine: Charac-
terization and Therapeutic Applications. https://home.
liebertpub.com/scd. 2015;24(7):803-813. doi:10.1089/
SCD.2014.0407

46. Schemitsch EH. Size Matters: Defining Critical in 
Bone Defect Size! J Orthop Trauma. 2017;31:S20-S22. 
doi:10.1097/BOT.0000000000000978

47. Proinflammatory cytokines inhibit osteo-
genic differentiation from stem cells: implica-
tions for bone repair during inflammation | Else-
vier Enhanced Reader. https://reader.elsevier.com/
reader/sd/pii/S1063458408003555?token=2939AB-
B0BCB99BE2245BA2F1291B208D8BDB7A6A41D8
1D8D798C921FF962498B2A0B21E42986516C2EC0
DFD3FC815C68&originRegion=eu-west-1&originCre-
ation=20210704183412. Accessed July 4, 2021.

48. Vieira NM, Brandalise V, Zucconi E, Secco M, Strauss 
BE, Zatz M. Isolation, Characterization, and Differentiation 
Potential of Canine Adipose-Derived Stem Cells. Cell Trans-
plant. 2010;19:279-289. doi:10.3727/096368909X481764

49.  Yang X, Jiang Y, Han G, et al. Altered Adipose-Derived 
Stem Cell Characteristics in Macrodactyly. Sci Reports 
2017 71. 2017;7(1):1-9. doi:10.1038/s41598-017-11666-3
50.  Ciuffi S, Zonefrati R, Brandi ML. Adipose stem cells 
for bone tissue repair. Clin Cases Miner Bone Metab. 
2017;14(2):217-226. doi:10.11138/ccmbm/2017.14.1.217

51. N M, PM D. Chondrogenic differentiation of human 
adipose-derived stem cells in polyglycolic acid mesh 
scaffolds under dynamic culture conditions. Biomateri-
als. 2010;31(14):3858-3867. doi:10.1016/J.BIOMATERI-
ALS.2010.01.090

52.  HA A, MQ W, HA L, JM G, F G. Chondrogenic 
differentiation of adipose-derived adult stem cells in 
agarose, alginate, and gelatin scaffolds. Biomaterials. 
2004;25(16):3211-3222. doi:10.1016/J.BIOMATERI-
ALS.2003.10.045

53.  Mazini L, Rochette L, Amine M, Malka G. Regenera-
tive capacity of adipose derived stem cells (ADSCs), com-
parison with mesenchymal stem cells (MSCs). Int J Mol 
Sci. 2019;20(10). doi:10.3390/ijms20102523



99

 Ahmed Othman et al .

54. Linero I, Chaparro O. Paracrine effect of mesenchy-
mal stem cells derived from human adipose tissue in bone 
regeneration. PLoS One. 2014;9(9). doi:10.1371/journal.
pone.0107001

55.  Ando Y, Yamamoto A, Pauli P. Stem Cell Conditioned 
Medium Accelerates Distraction Osteogenesis through 
Multiple Regenerative Mechanisms Bone Volume 61 
(2014) Pages 82-90.

56. Zimmermann CE, Gierloff M, Hedderich J, Açil Y, 
Wiltfang J, Terheyden H. Survival of transplanted rat bone 
marrow-derived osteogenic stem cells in vivo. Tissue Eng - 
Part A. 2011;17(7-8). doi:10.1089/ten.tea.2009.0577

57. Kotobuki N, Katsube Y, Katou Y, Tadokoro M, Hi-
rose M, Ohgushi H. In vivo survival and osteogenic dif-
ferentiation of allogeneic rat bone marrow mesenchy-
mal stem cells (MSCs). Cell Transplant. 2008;17(6). 
doi:10.3727/096368908786092793

58. Bunnell BA, Estes BT, Guilak F, Gimble JM. Dif-
ferentiation of Adipose Stem Cells. Methods Mol Biol. 
2008;456:155-171. doi:10.1007/978-1-59745-245-8_12

59.  Reich CM, Raabe O, Wenisch S, Bridger PS, Kramer 
M, Arnhold S. Isolation, culture and chondrogenic differ-
entiation of canine adipose tissue- and bone marrow-

derived mesenchymal stem cells–a comparative study. Vet 
Res Commun 2012 362. 2012;36(2):139-148. doi:10.1007/
S11259-012-9523-0

60.  Orbay H, Busse B, Leach JK, Sahar DE. The Effects of 
Adipose-Derived Stem Cells Differentiated into Endothe-
lial Cells and Osteoblasts on Healing of Critical Size Cal-
varial Defects. J Craniofac Surg. 2017;28(7):1874-1879. 
doi:10.1097/SCS.0000000000003910

61. Arrigoni E, De Girolamo L, Di Giancamillo A, et al. 
Adipose-derived stem cells and rabbit bone regeneration: 
histomorphometric, immunohistochemical and mechani-
cal characterization. J Orthop Sci. 2013;18(2):331-339. 
doi:10.1007/S00776-012-0349-Y

62.  Turner LG. Federal Regulatory Oversight of US Clin-
ics Marketing Adipose-Derived Autologous Stem Cell 
Interventions: Insights From 3 New FDA Draft Guid-
ance Documents. Mayo Clin Proc. 2015;90(5):567-571. 
doi:10.1016/J.MAYOCP.2015.02.003

63.  Mazini L, Ezzoubi M, Malka G. Overview of current 
adipose-derived stem cell (ADSCs) processing involved in 
therapeutic advancements: flow chart and regulation up-
dates before and after COVID-19. Stem Cell Res Ther 2020 
121. 2021;12(1):1-17. doi:10.1186/S13287-020-02006-W


