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The present study was designed to evaluate the influence of adipose tissue derived mesenchymal stem cell 
(ASCs) with or without calcium phosphate composite on osteoclastogenesis in osteoporotic rats. 
Mesenchymal stem cells (MSCs) were harvested from adipose tissue of both the omentum and the inguinal fat 
pad of male rats, as the sex mismatch, to track the MSCs fate and to ensure their homing to the injured females' 
femurs. The isolated ASCs were characterized via the morphological appearance, multilineage potential and the 
PCR detection of CD29, CD44, CD106, CD14, CD34 and CD45 surface markers. Fifty adult female albino rats 
were enrolled in the current study. The rats were classified into five groups: group 1 was the gonad intact control, 
group 2 served as untreated ovariectomized (OVX)  rats, group 3 was OVX rats treated with ASCs, group 4 was 
OVX rats treated with ASCs with injectable bone substitute (IBS) and  group 5 was OVX rats treated with IBS. 
The serum levels of osteoprotegerin (OPG) and receptor activator of NF-қβ ligand (RANKL) were assayed using 
ELISA procedure. In addition, nuclear factor-κβ (NF-κβ) gene expression level was estimated in femur bones 
using real time –PCR. The isolated ASCs proved their MSCs identity via their morphological appearance and 
multilineage potential. In addition, the isolated ASCs showed positive expression for CD29, CD45, CD44 as well 
as CD106 and negative expression for CD34 and CD14. Besides, the positive expression of the Y-chromosome 
(sry) gene detected in the ASCs treated groups indicated that the systemically delivered single dose of 
undifferentiated ASCs was able to home at the females' femur bones. Adipose tissue derived mesenchymal stem 
cells (ASCs) injection with or without calcium phosphate composite in OVX rats reversed the effect of 
ovariectomy on the studied biomarkers causing significant increase in serum OPG level accompanied with 
significant decrease in serum RANKL level. Also, significant down regulation of NF-κβ gene expression in 
femur bones was detected in the treated groups compared with untreated OVX group. These results clarified the 
good influence of ASCs against osteoclastogenesis. In addition the combination of ASCs injection with 
osteoinductive material injectable calcium phosphate composite (IBS), may be useful to achieve the significant 
antiosteoporotic effects. 
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INTRODUCTION 
 

      Osteoporosis is a systemic skeletal disease 
characterized by low bone mass and micro-architectural 
deterioration, with a consequent increase in bone fragility and 
susceptibility to fracture, particularly of the vertebral body, distal 
forearm and proximal femur of postmenopausal women. A recent 
practical definition of osteoporosis is based on bone mineral 
density (BMD). The BMD of the older person is compared to the 
average BMD of a person of the same gender at age 30 and the        . 
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results expressed in standard deviation units, the so-called ‘T-
score’. If the T-score is equal to or less than -2.5 then osteoporosis 
is diagnosed (Eastell, 2013). Osteoblast average survival                 
has been shown to be a critical factor affecting the onset of 
postmenopausal osteoporosis. Under estrogen deficiency, there are 
more remodeling units and an unbalanced coupling of bone 
resorption and formation. This promotes increased rates of initiation 
of remodeling cycles and excess bone resorption, ultimately leading 
to lower overall bone density. By inhibiting apoptosis, estrogens 
may extend the life span of osteoblasts and thus enable bone 
formation to keep pace with bone resorption (Bradford et al., 2010).  
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However the origin of  postmenopausal osteoporosis was 
initially focused on osteoclastic activity and bone resorption; then 
on osteoblastogenesis and more recently on the differentiation 
potential of mesenchymal stem cells (MSCs) (Pino et al., 2012).   

Mesenchymal stem cells are multipotent cells that are 
able to differentiate to osteoblasts, chondrocytes, and adipocytes 
and can be isolated from bone marrow, adipose tissue, and other 
mesodermal tissues (Yamachika and Iida, 2013).  

In recent years, clinical trials with MSCs have taken the 
emerging field in many new directions. Expectations for patient 
benefits are high in these therapeutic applications. Nevertheless, 
the mechanism of action is not obvious (Trounson et al., 2011).  
However Fong et al., (2011) indicated a promising alternative is to 
reinforce the inherent reparative capacity of the body by delivering 
MSCs  harvested from the patient’s own tissues to the site of 
injury.  

The various clinical trials demonstrate that fat-derived 
therapy is not a dream, but is becoming a reality. The efficiency of 
adipose tissue derived mesenchymal stem cells (ASCs) in 
regenerative medicine could be related more to their capacity to 
modulate immunity and/or inflammation than to their 
differentiation potentials. In this context, it is reasonable to suggest 
that, each time ASCs display effects more or less similar to other 
cell types, the inherent advantages of adipose tissue will favor its 
use over cells from other sources (Casteilla et al., 2011).  

The current study was designed to evaluate the influence 
of adipose tissue derived mesenchymal stem cells (ASCs) singly 
or in combination with calcium phosphate composite on 
osteoclastogenesis in ovariectomized rats.  
 
MATERIALS AND METHODS 
 

Isolation and preparation of ASCs 
Adipose tissue was excised from both the omentum (i.e., 

abdominal) and the inguinal fat pad (i.e., subcutaneous) of male 
albino rats under general anesthesia according to Tomiyama et al., 
(2008).  

The adipose tissue was resected and placed into a labeled 
sterile tube containing 15 mL of a phosphate buffered solution 
(PBS; Gibco/Invitrogen, Grand Island, New York, USA). 
Enzymatic digestion was performed using 0.075% collagenase II 
(Serva Electrophoresis GmbH, Mannheim) in Hank’s Balanced 
Salt Solution for 60 min at 37oC with shaking.  

Digested tissue was filtered and centrifuged, and 
erythrocytes were removed by treatment with erythrocyte lysis 
buffer. 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 (FBS, 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, 1% penicillin-streptomycin (Gibco/BRL), 
and 1.25 mg/L amphotericin B (Gibco/BRL), and expanded in 
vitro.  When large colonies of ASCs developed (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 °C. 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 
(Alhadlaq and Mao, 2004).  

To ensure the MSCs identity, the cells were characterized 
morphologically by inverted microscope examination. 
Additionally, multilineage potential was confirmed via in vitro 
differentiation to adipocytes, chondrocytes and osteocytes. 
Furthermore, PCR detection of CD29, CD44, CD106, CD14, 
CD34 and CD45 genes expression were done also.  
 
In vitro differentiation of ASCs 

Adipose tissue derived cells were grown until confluence 
and the growth medium was replaced with the inductive medium 
consisting of Iscove's modified Dulbecco's medium (Invitrogen, 
USA), 20% fetal calf serum, 100 U/mL penicillin, 100 μg/mL 
streptomycin and 0.05 mM β-mercaptoethanol supplemented with 
specific differentiation reagents as follows:  
 
Adipogenesis assay 

Cells were incubated for 3 weeks with 5 μg/mL insulin 
(Sigma, USA) and 10-9 M dexamethasone. Adipogenic 
differentiation was visualized in phase-contrast microscopy by the 
presence of highly refractive intracellular lipid vacuoles 
(Rombouts and Ploemacher, 2003). Oil Red O (Sigma, USA) 
staining was used to assay the accumulation of lipid droplets in 
these vacuoles. 
 
Chondrogenesis assay 

The stem cells were harvested and 6 x 105 cells were 
centrifuged to form a pellet on the bottom of a 15 mL 
polypropylene tube (Falcon). The micro mass was cultured in 500 
μL of chondrogenic medium that consisted of 50 μg/mL ascorbic 
acid 2-phosphate and 1 ng/mL TGF-β1 (Sigma, USA) (Peister et 
al., 2004).  

After 3 weeks of culture, cell clumps were           
harvested, embedded in paraffin, cut into 3μm sections, and 
stained for glycosaminoglycans using 0.1% Alchian blue (Sigma, 
USA).  
 
Osteogenesis assay 

Stem cell cultures were fed twice a week for 3 weeks 
with 10 mM β-glycerophosphate, 50 μg/mL ascorbic acid 2-
phosphate and 10-9 M dexamethasone (Phinney et al., 1999). Then 
cells were fixed with 10% formalin for 20 min at room 
temperature and mineralization (presence of calcium-rich 
hydroxyapatite) of the extracellular matrix was assessed by 
staining for 20 min with 2% wt/vol Alizarin Red S, adjusted to pH 
4.1 with ammonium hydroxide  ((Peister et al., 2004), all reagents 
were obtained from Sigma, USA.  
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PCR detection of CD14, CD29, CD34, CD44, CD45 and CD106 
genes expression 
RNA extraction from MSCs 

In order to confirm that the isolated cells from adipose 
tissues are mesenchymal stem cells, total RNA was extracted from 
cultured cells using RNeasy mini kit for purification of total RNA 
from animal cells (Qiagen, Germany) according to the 
manufacturer's instructions. 
 
Reverse transcription 

The reverse transcription was carried out on the extracted 
RNA (1μg) using the high capacity cDNA reverse transcription kit 
(Applied Biosystems, USA) according to the manufacturer's 
instructions. 
 
Conventional PCR detection of CD29, CD34 and CD45 genes 
expression 

The conventional PCR reaction mix for CD29, CD34 and 
CD45 was 12.5 µL of master mix (Qiagen, Germany), 1 µL of 
forward primer (10 pmol/µL), 1 µL of reverse primer (10 
pmol/µL) (Invitrogen, Germany) (Table 1), 5 µL cDNA and 5.5 
µL nuclease free water.  PCR was performed using the thermal 
cycler instrument, Biometra T professional, (USA) for 35 cycles 
with initial denaturation step at 94°C for 3 min for CD29 as well 
as CD45 and for 2 min for CD34. Each cycle consisting of 
denaturation at 94 °C for 30 s, annealing at 57 °C for CD29 as well 
as CD45 and at 55°C for CD34 for 30 s, elongation at 72 °C for 1 
min followed by 7 min of terminal extension at 72 °C after 
completion of the last cycle. The PCR product was separated by 
electrophoresis through a 1% agarose gel, stained, and 
photographed under ultraviolet light.      
 
Table. 1: Primers sequences of the studied genes used for PCR. 

Genes Primers sequences 

CD14 
Forward: 5′-GTGTGAGTGGTAGCCAGCAA-3′                            
Reverse: 5′-TGCGCAGCGCTAAAACTTG-3′,   according to 
Schäfer et al., (2012) published sequence. 

CD29 
Forward: 5′-AATGTTTCAGTGCAGAGC-3′                                    
Reverse: 5′- TTGGGATGATGTCGGGAC-3′,     according to 
Wang et al., (2004) published sequence.  

CD34 
 

Forward: 5′-GCCCAGTCTGAGGTTAGGCC-3′                                
Reverse:  5′- ATTGGCCTTTCCCTGAGTCT-3′, according to 
Qin et al., (2011) published sequence. 

CD44 
Forward: 5′- TTGGCATCCCTCCTGGCGCTGG -3′                                   
Reverse:  5′- AAGGAGGAACTGGAAGAGACCC-3′, 
according to Qin et al., (2011) published sequence. 

CD45 
Forward: 5′-ACCAGGGGTTGAAAAGTTTCAG-3′                            
Reverse: 5′-GGGATTCCAGGTAATTACTCC-3′, according to 
Muñoz-Fernández et al., (2006) published sequence. 

CD106 
Forward: 5′-CCTCACTTGCAGCACTACGGGCT-3′                            
Reverse: 5′- TTTTCCAATATCCTCAATGACGGG-3′, 
according to Lau and Bhatia (2007) published sequence. 

GAPDH 
Forward: 5′- CAAGGTCATCCATGACAACTTTG -3′                            
Reverse: 5′- GTCCACCACCCTGTTGCTGTAG -3′, according 
to Schäfer et al., (2012) published sequence. 

 
Real time PCR detection of GAPDH, CD14, CD44 and CD106 
genes expression 
 The real time PCR was peformed using the QuantiTect 
SYBR green PCR Kit (Qiagen, Germany) according to the 

manufacturer's instructions, by Applied Biosystems 7500 
Instrument, USA. The real time PCR reaction mix was carried out 
in a total volume of 25 µL, containing 12.5 µL of  2 x QuantiTect 
SYBR green PCR master mix, 0.5 µL of forward primer for 
GAPDH (20 pmol/µL), 0.5 µL of reverse primer for GAPDH (20 
pmol/µL) (Table 1), 4 µL cDNA  and 7.5 µL nuclease free water.  

The real time PCR reaction mix for CD14 was 12.5 µL 
of 2 x QuantiTect SYBR green PCR master mix, 1 µL of forward 
primer (10 pmol/µL), 1 µL of reverse primer (10 pmol/µL) (Table 
1), 4 µL cDNA and 6.5 µL nuclease free water. While, the reaction 
mix for CD44 and 106 were 12.5 µL of 2 x QuantiTect SYBR 
green PCR master mix, 1 µL of the corresponding forward primer 
(10 pmol/µL), 1 µL of the corresponding reverse primer (10 
pmol/µL) (Table 1), 3 µL cDNA and 7.5 µL nuclease free water.  

The protocol consisted of 45 amplification cycles, each 
conducted as follows: 10 min at 95°C (holding stage), 15 sec for 
denaturation at 95°C, 30 sec for annealing at 60°C and another 15 
sec for elongation at 60°C.  
 
Biomaterials 

Injectable bone substitute (IBS) is a composite 
biomaterial obtained by associating a polymer and biphasic 
calcium phosphate (BCP) granules (40% w/v). BCP granules 
contained 60% hydroxy apatite (HA) (Sigma-Aldrich Co., USA), 
40% tricalcium phosphate (β-TCP) (Merck KGaA Co, Germany). 
The polymer is a cellulose derivative (hydroxy-propyl-methyl-
cellulose – HMPC) (Winlab Co., U.K). An aqueous solution of 3% 
HPMC was prepared by dissolving raw, dry HPMC powder in 
bidistilled water under stirring for 48 h. BCP granules were added 
under stirring and the biomaterial was prepared in ready-to-use 
glass flasks sterilized by steam at 121°C for 20 min ( Blouin et 
al., 2006). Then the IBS was transferred into 1ml syringe mounted 
with 18G needle and injected submuscular adjacent to the femur 
surface. Each rat was injected with two IBS doses (640μl each) 
one for each femur (Trojani et al., 2006).  
 
Experimental animals 

Adult female albino rats weighing 130-150 g were 
obtained from the Animal House Colony of the National Research 
Centre, Cairo, Egypt, and acclimated for one week in a specific 
area where temperature (25±1°C) and humidity (55%). Rats were 
cared for according to the guidelines for Animal Experiments 
which were approved by the Ethical Committee of Medical 
Research at National Research Centre, Cairo, Egypt. Experimental 
osteoporosis was induced in the adult female rats surgically by 
ovariectomy. Under general anaesthesia using diethyl ether, the 
rats were bilaterally ovariectomized by dorsal approach (Mattila, 
1999). The surgical ovariectomy operation was performed at 
Hormones Department, Medical Research Division, National 
Research Centre. Ovariectomized (OVX) rat is a suitable 
experimental model for postmenopausal osteoporosis that 
faithfully reproduces the changes observed in human subjects and 
has an additional benefit that the effects are detectable only a few 
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months after intervention (Dı´az-Curiel and Gala, 1994).  This 
study included 50 adult female rats, which were divided into 5 
experimental groups (10 rats/ group) as follows after three months 
from the surgical ovariectomy: Group I (Gonad intact group): 
healthy female rats as negative control group, Group II (OVX 
group): untreated ovariectomized rats, Group III (ASCs group): 
ovariectomized rats infused with a single dose of undifferentiated 
adipose derived MSCs (3 x 106 cells/rat) intravenously (Nakamura 
et al., 2000; Zhao et al., 2005), Group IV (ASCs and IBS group): 
ovariectomized rats infused with a single dose of undifferentiated 
adipose derived MSCs (3 x 106 cells/rat) intravenously and 
injected with IBS sub muscularly adjacent to the femur surface and 
Group V (IBS group): ovariectomized rats injected with IBS sub 
muscularly adjacent to the femur surface. 

At the end of the experimental period, after three months 
of MSCs transplantation and IBS injection, all animals were fasted 
for 12 h and the blood samples were collected from retro-orbital 
venous plexus (Schermer, 1967) under diethyl ether anaesthesia. 
The blood samples were left to clot and the sera were separated by 
cooling centrifugation (4ºC) at 1800 xg for 10 min and then stored 
immediately at -80ºC till analysis. While the rats' femur bones 
were immediately dissected, carefully cleaned and frozen in liquid 
nitrogen, then stored at -80 ºC for the molecular genetics analysis 
of nuclear factor-κβ. 

 
PCR detection of male-derived MSCs in femur bones of 
treated females 

The genomic DNA was prepared from femur bones of 
female rats treated with ASCs using Wizard® Genomic DNA 
purification kit (Promega, Madison, WI, USA). The presence or 
absence of the sex determination region on the Y chromosome 
male (sry) gene in the femur bones of recipient female rats was 
assessed by quantitative PCR. Primer sequences for sry gene 
(forward 5′-CAT CGAAGGGTTAAAGTGCCA-3′, reverse 5′-
ATAGTGTGTAG-GTTGTTGTCC-3′) were obtained from the 
previous published sequences (Wu et al., 2003) and amplified to a 
product of 104 bp. The PCR conditions were as follows: 
incubation at 94 °C for 4 min; 35 cycles of incubation at 94 °C for 
50 s, 60 °C for 30 s, and 72 °C for 1 min; with a final incubation at 
72 °C for 10 min. PCR products were separated using 2% agarose 
gel electrophoresis and stained with ethidium bromide. 
 
Biochemical analyses 

Serum osteoprotegerin (OPG) and receptor activator of 
NF-қβ ligand (RANKL) levels were assayed by ELISA technique 
using kits purchased from Glory Science Co., USA, according to 
the manufacturer's instructions.  
 
Molecular genetics analysis of nuclear factor- κβ gene 
expression using real time PCR 
RNA extraction 

Total RNA was isolated from femur bones of female rats 
using SV Total RNA Isolation system (Promega, Madison, WI, 
USA) according to manufacturer's instruction. The RNA sample 

was dissolved in RNase-free water and quantified 
spectrophotometrically, then the concentration of the RNA was 
assayed using the OD 260/280 ratio, and only samples with ratios 
above 1.5 were used in the experiments.         

                                                                                                  
cDNA synthesis 

First-strand cDNA synthesis was performed with the 
SuperScript Choice System (Life Technologies, Breda, 
Netherlands) by mixing 2 μg total RNA with 0.5 μg of oligo 
(dT) 12-18 primer in a total volume of 12μL. After heating the 
mixture at 70°C for 10 min, a solution containing 50 mmol/L 
Tris HCl (pH 8.3), 75 mmol/L KCl, 3 mmol/L MgCl2, 10 mmol/L 
DTT, 0.5 mmol/L dNTPs, 0.5 μL RNase inhibitor, and 200 U 
Superscript Reverse Transcriptase was added, resulting in a total 
volume of 20.5 μL. This mixture was incubated at 42°C for 1 h.   
 
Real-time quantitative polymerase chain reaction (PCR) 

For real-time quantitative PCR, 5 μL of first-strand 
cDNA was used in a total volume of 25 μL, containing 12.5 μL 
2x SYBR Green PCR Master Mix (Applied Biosystems, Foster 
City, CA, USA) and 200 ng of each primer (shown in Table 2). 
PCR reactions consisting of 95°C for 10 min (1 cycle), 94°C for 
15 s, and 60°C for 1 min (40 cycles), were performed on an ABI 
Prism 7900 HT Fast Real Time PCR system (Applied 
Biosystems). Data were analyzed with the ABI Prism 7500 
sequence detection system software and quantified using version 
1·7 Sequence Detection Software from PE Biosystems (Foster 
City, CA). Relative expression of studied genes was calculated 
using the comparative threshold cycle method. All values were 
normalized to the beta actin genes (Livak and Schmittgen, 2001).          
 
Table. 2: Primers sequences of the studied genes used for real-time PCR. 

Genes Primers sequences 

NF-κβ 
Forward: 5′-ACG ATC TGT TTC CCC TCA TC-3′                                  
Reverse: 5′- TGC TTC TCT CCC CAG GAA TA-3′, according to                  
Zhu et al., (2008) published sequence. 

β-actin 
Forward: 5′-TCT GGC ACC ACA CCT TCTACAATG-3′                                                                               
Reverse:  5′- AGC ACA GCC TGG ATA GCA ACG -3′, according to 
Porichi et al., (2009) published sequence. 

 
Statistical analyses 

In the present study, all results were expressed as Mean + 
S.E of the mean. Data were analyzed by one way analysis of 
variance (ANOVA) using the Statistical Package for the Social 
Sciences (SPSS) program, version 17 followed by least significant 
difference (LSD) to compare significance between groups 
(Armitage and Berry, 1987). Difference was considered significant 
when P value was < 0.05. 
 
RESULTS 
 

Stem cells morphology 
The photomicrographs in  Fig. (1) show the shape of the 

ASCs at the first day of isolation and culture (Fig. 1a) and the 
spindle shape of cells which is the typical morphological aspects 
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of mesenchymal stem cells derived from adipose tissue through 
culture flask at day 10 (Fig. 1b) and day 14 (Fig.1c). 
 

    
A                                                        B 

 
C 

Fig. 1: Morphological aspects of ASCs in culture flask. 
 
In vitro differentiation of ASCs 
Adipogenic differentiation 

Adipose derived stem cells are differentiated into 
adipocytes through 1 week of culture (Fig. 2b) and continued to 
increase in cells number through 2 weeks of culture (Fig. 2c). 
Adipocytes are stained with special Oil Red O stain (Fig. 2d).  
 

 
                             

 
Fig. 2: Differentiation of ASCs into adipocytes. (a): Undifferentiated adipose 
derived MSCs at 2 weeks in    culture; (b): Adipose derived MSCs at 1 week of 
differentiation into adipocytes; (c): Adipose derived MSCs at 2 weeks of 
differentiation into adipocytes; (d): Differentiated ASCs into adipocytes stained 
with special Oil Red O stain 
 
Chondrogenic differentiation 

Adipose derived stem cells are differentiated through 1 
week into chondrocytes (Fig. 3b), as indicated by their round 
configuration and the development of an extracellular matrix that 
stained with special Alchian blue stain (Figs. 3c and 3d).  
 
Osteogenic differentiation 

Adipose derived stem cells are differentiated into 
osteocytes through 1 week of culture (Fig. 4b). The osteocytes          
are   stained   with   special Alizarin Red S stain (Figs. 4c and 4d).  

     
 

    
Fig. 3: Differentiation of ASCs into chondrocytes. (a): Undifferentiated 
adipose derived MSCs at 2 weeks in culture; (b): Adipose derived MSCs at 1 
week of differentiation into chondrocytes; (c and d): Differentiated ASCs into 
chondrocytes stained with special Alchian blue stain.  

 

    
 

     
Fig. 4: Differentiation of ASCs into osteocytes. (a): Undifferentiated adipose 
derived MSCs at 2 weeks in culture; (b): Adipose derived MSCs at 1 week of 
differentiation into osteocytes; (c and d): Differentiated ASCs into osteocytes 
stained with special Alizarin Red S stain.  

 

 
Fig. 5: Agarose gel electrophoresis for CD29 and CD45 genes expression for 
ASCs sample.  Lane (1) represented DNA ladder, lane (2) represented CD29 
gene expression and lane (3) represented CD45 gene expression. 

 
Cell surface markers for ASCs 

The agarose gel electrophoresis shows that ASCs used in 
the present study are positive for CD29 and CD45 genes 
expression as the positive bands appear at 261and 343 bp 
respectively (Fig. 5). Moreover, the agarose gel electrophoesis in 

A B

A
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B

C D
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Fig. (6) showed that the used ASCs are negative for CD34 gene 
expression.  

The amplification plots of the real time PCR for CD14, 
CD44 and CD106 show that the ASCs used in the present study 
are negative for CD14 gene expression and positive for CD44 as 
well as CD106 genes expression (Figs. 7 and 8 respectively). The 
data given in Fig. (8) indicated that the expression of CD44 
exceeds the threeshold which is equal 1.733. While, the expression 
of CD106 exceeds the threeshold which is equal 2.313.   
 

 
Fig. 6: Agarose gel electrophoresis for CD34 gene expression for ASCs 
sample.  Lane (1) represented DNA ladder, lane (2) represented CD34 gene 
expression. 
 
Mesenchymal stem cells homing (PCR detection of male-derived 
MSCs) 

The bones of femur from untreated OVX rats show 
negative expression of sry gene as shown in agarose gel 
electrophoresis from DNA fragments. While those represent              
the bones of femur of OVX rats treated with  ASCs  show  positive  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

expression of sry gene (Fig. 9). These results confirm the homing 
of the male donor stem cells to the injured femur bones of the 
female recipients.  
 
Biochemical  and Molecular genetics analyses 

The data in Table (3) represent the effect of ASCs 
therapy with or without IBS as well as IBS injection alone on 
serum OPG and RANKL levels in OVX rats. The data indicated 
that serum OPG level decreased significantly in the OVX group 
(50.3 %) in comparison with the gonad intact control group. On 
the other hand, ASCs and ASCs with IBS groups significantly 
increased serum OPG level as compared to the OVX group with a 
percent of change 23.1% and 30.4 % respectively.  

Regarding the alterations in serum RANKL level 
following ASCs infusion with or without IBS and IBS injection 
alone, the OVX group recorded significant increase (44.1 %) in 
serum RANKL level when compared to the gonad intact control 
group. However, the all treated groups showed significant decrease 
in serum RANKL level as compared to the OVX group. The 
percent of changes of the decreased RANKL levels were - 16.4 % 
for ASCs, - 17.6 % for ASCs + IBS and  -10.5% for IBS.    

The alterations in NF-κβ gene expression level in femur 
bones following ASCs injection with or without IBS as well as 
IBS injection alone are shown in Table (4). The data illustrated 
that NF-қβ gene expression level increased significantly in the 
OVX group (110.3 %) with respect to the gonad intact control 
group.  In the contrary, NF-қβ gene expression level decreased 
significantly in  ASCs, ASCs with IBS and IBS treated groups as 
compared to OVX group with the percent of change  - 29.9 % ,  -
35.2 % and -16.6  % respectively.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 7: The real time PCR amplification plot for CD14 gene for the ASCs sample. 
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Fig.  8: The real time PCR amplification plot for CD44 and CD106 genes for the ASCs sample. 
 

 
Fig. 9: Agarose gel electrophoresis of DNA fragments shows sry gene in recipient female rats for ASCs. (M): represents DNA ladder; Lane (1): represents 

untreated OVX rat sample; Lane (2): represents sample from OVX rat treated with ASCs. 
 

Table. 3: Effect of ASCs therapy with or without IBS as well as IBS alone on serum OPG and RANKL levels in OVX rats. Data are represented as Mean ± S.E of 
10 rats /group.  

Groups OPG 
(pg/ml) 

RANKL 
(pg/ml) 

Gonad intact control  13.89 ± 0.31 66.69 ± 1.97 
OVX 6.9 ± 0.26 a 96.13 ± 1.59 a 
OVX + ASCs 8.56 ± 0.27  b 80.38 ± 1.02 b 
OVX + ASCs  + IBS 9.04 ± 0.51b 79.15 ± 1.07 b 
OVX + IBS 7.55 ± 0.32 d 86.01 ± 1.89 b c d 
a: Significant change at P< 0.05 in comparison with gonad intact group. b: Significant change at P< 0.05 in comparison with the osteoporotic group. c: Significant 
change at P< 0.05 in comparison with the ASCs treated group. d: Significant change at P<0.05 in comparison with the ASCs+IBS treated group. 

 
Table. 4: Effect of ASCs therapy with or without IBS as well as IBS alone on NF-κβ gene expression level in femur bones of OVX rats. Data are represented as 
Mean ± S.E of 10 rats /group 

Groups NF-κβ Relative expression 
Gonad intact control  1.54 ± 0.07 
OVX 3.24 ± 0.13 a 
OVX + ASCs 2.2 ± 0.10 b 
OVX + ASCs  + IBS 2.0 ± 0.10 b 
OVX + IBS 2.7 ± 0.08 b c d 
a: Significant change at P< 0.05 in comparison with gonad intact group.  b: Significant change at P< 0.05 in comparison with the osteoporotic group.  
c: Significant change at P< 0.05 in comparison with the ASCs treated group. d: Significant change at P<0.05 in comparison with the ASCs+IBS treated group. 
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DISCUSSION 
‘To do no harm’ is the basic tenet of medical practice. 

The importance of this mantra is especially true in the 
development of any experimental treatment. Theoretically, stem 
cells may exert beneficial functional effects by replacing            
lost or damaged cells (Rice and Scolding, 2008). Yet, in vivo, how 
they exercise auto specific function is not fully understood (Song 
et al., 2013). The present study used the sex mismatched model 
and postulated that the male ASCs may be able to migrate and 
home to the females' femur bones and affect ovariectomy induced 
osteoclastogenesis in these adult female rats. 

The confirmatory results for ASCs properties indicated 
their adhesiveness and fusiform shape in culture flask and these 
findings are in agreement with those of Rochefort et al., (2005). 
Also, isolated ASCs had the ability to differentiate into adipocytes, 
chondrocytes and osteocytes as defined by Pittenger et al., (1999). 
Moreover, the PCR results demonstrated that the isolated ASCs 
were positive for CD29, CD45 and CD106 and these results are 
greatly supported by those of Li et al., (2010). While the negativity 
for CD34 is in agreement with that of Ren et al., (2011). Our 
findings showed that ASCs are positive for CD 44 and negative for 
CD14. These results are in consistent with those of Ying et al., 
(2012) and Sachs et al., (2012) who reported similar findings for 
adipose derived mesenchymal stem cells. Meanwhile, the positive 
expression of sry gene in the femur bones of ovariectomized rats 
treated with ASCs confirmed the migration capacity of the 
intravenously infused ASCs to the site of injury. This property 
could be attributed to the chemokines, cytokines, and growth 
factors released upon injury and provided migratory cues for 
systemically or locally administered stem cells. These cues induce 
upregulation of selectins and activation of integrins on the stem 
cell surface, enabling cells to interact with the endothelium. Stem 
cells subsequently adhere and transmigrate across the endothelial 
layer into tissues (Kang et al., 2012).  

Ovariectomized animals represent an optimal model to 
investigate osteoclastogenesis in osteoporosis. Ovariectomy 
greatly influences expression of various genes involved in diverse 
biological processes confirming the notion that numerous 
pathways play an important role in pathophysiology of 
osteoporosis (Orlić et al., 2007). To determine the difference 
between the osteoporotic and normal groups in terms of 
osteoclastic and osteoblastic activation, serum OPG and RANKL 
levels were analyzed. The results showed significant decrease in 
serum OPG level in concomitant with significant increase in serum 
RANKL level in the OVX group as compared to gonad intact 
control group. The results of the different previous works 
concerning estrogen and its interaction with the OPG/RANKL 
pathway are not conflicting because estrogen has been shown to 
stimulate OPG secretion and also to down regulate the expression 
of RANKL (Trouvin and Goëb, 2010). Hence, in postmenopausal 
females as well as in ovariectomized one as the production of 
estrogen is reduced, subsequently the production of OPG is 
hindered and postmenopausal osteoporosis sets in. Our results 
come in parallel with Dalle Carbonare et al., (2009) who found 

that RANKL levels increased in patients with osteoporosis and 
associated with a lower OPG/ RANKL ratio.   

The initial evidence to support the relationship between 
estrogen and RANKL comes from animal models in which 
ovariectomized rats were shown to have elevated RANKL levels 
(Miyazaki et al., 2004). Similar results were observed by Zhang et 
al., (2009) in studying RANKL levels in OVX rats, also several 
reports provided further credence to the theory that estrogen 
deficiency results in increased osteoclastogenesis secondary to 
increased production of TNF-α and RANKL  (D’Amelio et al., 
2008  and Anandarajah, 2009). These two studies support the 
notion that estrogen deficiency in postmenopausal women and in 
ovariectomized animals results in increased RANKL level, leading 
to increased osteoclastic activity that in turn increases bone 
resorption and the risk for osteoporotic fractures. 

RANKL is required for all stages of osteoclast 
differentiation, beginning with the commitment to all the lineage, 
and also it stimulates the resorptive activity of mature cells. In 
addition mice lacking RANKL or its receptor make no osteoclasts. 
Given that RANKL induces activation of several pathways shown 
to be necessary for osteoclastogenesis in vitro, it is quite intriguing 
that the constitutive activation of NF-κB is sufficient to mediate 
osteoclast differentiation (Novack, 2011). Binding of RANKL to 
the RANK receptor leads to subsequent NF-κβ-mediated induction 
of osteoclast differentiation genes, prolonged survival of osteoclast 
and increased bone resorption (Krum et al., 2010). 

The OPG/RANKL ratio is considered to better reflect the 
bone remodeling environment signs. A high ratio represents bone 
formation while a low ratio favors bone resorption (Silva and 
Branco, 2011). Evidence that OPG acts as an inhibitor of 
osteoclastogenesis has emerged from experiments with transgenic 
mice, in which over expression of OPG led to severe osteopetrosis 
and reduced the number of mature osteoclasts. In contrast, mice 
lacking the gene for OPG are osteoporotic (Dalle Carbonare et al., 
2009). The biological effects of OPG include inhibition of the 
terminal stages of osteoclast differentiation and suppression of 
mature osteoclast activation (Kobayashi et al., 2009) by blocking 
the RANKL/RANK interaction which activates the osteoclast 
formation (Sherman, 2012). So as the competitive inhibition by 
OPG is stalled, the production of RANKL is increased which leads 
to the formation of RANKL-RANK complex, as part of the 
counterbalancing phenomenon. Finally this leads to greater bone 
resorption and decrease in bone mineral density (Silva and Branco, 
2011).  Studies performed on ovariectomized rat models lend 
credibility to this theory as ovariectomy is known to disturb the 
balance between bone formation and bone resorption (Cardemil et 
al., 2013). More in detail Ominsky et al., (2008) have reported  
that ovariectomy in rats was associated with high levels of serum 
RANKL and also showed that OPG reduces osteoclast surface and 
prevents ovariectomy-associated bone loss in femur. 

NF-κβ signaling plays essential roles in certain aspects of 
osteoclast, osteoblast activities and it is activated in a number of 
pathologic conditions affecting the skeleton, including 
postmenopausal osteoporosis (Boyce et al., 2010). Our results 
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indicated a significant increase of NF-κβ gene expression level in 
OVX rats compared with that in the gonad intact control group. 
This finding comes in line with previously reported data that the 
local expression level of NF-κβ increased significantly in a time 
dependent manner in the bone tissue of osteoporotic rats, and it 
could play a role in the pathogenesis of osteoporosis (Zhu et al., 
2008). Also, this result agrees, with Chang et al., (2009) who 
showed an increase in NF-κβ activity in ovariectomy and 
evidenced that estrogen regulates NF-κβ in osteoblasts in vivo. The 
activation of NF-κβ due to estrogen deficiency not only promotes 
osteoclast activation, osteoclast survival and bone resorption, but 
simultaneously inhibits osteoblast function (Krum et al., 2010). 
Historically, NF-κβ has not been considered as a key mediator of 
osteoblast signaling, but several studies have shown that NF-κβ 
inhibits both osteoblast differentiation and activity. Yamazaki et 
al., (2009) demonstrated that NF-κβ can interact with the Smad1-
Smad5 complex in the nucleus and disrupt its binding to target 
promoters. NF-κβ blocks the induction of Runx-2 by SMAD, 
resulting in the inhibition of osteoblast differentiation (Novack, 
2011). 

The altered serum levels of OPG and RANKL, besides 
the significant down regulation of NF-κβ gene expression level in 
femur bones following ASCs infusion in the OVX rats might be 
explained by the direct influence of mesenchymal stem cells in 
bone homeostasis, both by the rate at which they create osteoblasts 
and by the production of factors affecting the osteoblast/osteocyte 
balance such as RANKL and OPG (Brooke et al., 2007). In 
addition, Chai et al., (2012) indicated that MSCs influence host-
derived osteoclastogenesis via the production of OPG which 
increased the OPG/RANKL ratio and thus decreased osteoclast 
differentiation and activation. Similar reporter assays have 
clarified the constitutive MSCs secretion of OPG exerts an 
antierosive effect by decreasing osteoclasts, as it inhibits the 
binding between RANKL and RANK; this, in turn, prevents 
osteoclast precursors from differentiating and fusing to form 
mature osteoclasts. Therefore, the inhibition of the 
RANK/RANKL pathway inhibits osteoclast formation, 
differentiation, activation and bone resorption (Narducci et al., 
2011 and Oshita et al., 2011). Also, the role of the RANKL in 
osteoclastogenesis has been established as accumulated evidences 
have suggested that osteoclast differentiation is principally 
stimulated by an increase in the ratio of RANKL to OPG in bone 
(Sato et al., 2007 and Narducci et al., 2011). RANKL mediated 
NF-κβ activation via both the classic and alternative pathways 
leading to increased osteoclast differentiation and survival and 
decreased osteoblast maturation and function (Novack, 2011). 
Taken together, these data support the hypothesis that MSCs could 
affect osteoclastogenesis via the RANK/ RANKL/ OPG signal 
transduction pathway that regulates osteoclast formation. In 
addition, given the known immunosuppressive effect of MSCs, it 
is possible that immunosuppressive soluble mediators contribute to 
inhibition of osteoclastogenesis (Oshita et al., 2011). Moreover, 
MSCs are known for their strong anti-inflammatory functions, as 
they often transplanted into inflammatory environments where 

they able to survive and modulate host immune responses (Carrero 
et al., 2012). Consequently this intriguing property might explain 
the useful therapeutic application of MSCs in osteoporosis as 
various lines of evidences have indicated that inflammation exerts 
significant influence on bone turnover in osteoporosis (Nadia et 
al., 2012). 

Concerning the ASCs with IBS treated group, the results 
evident significant increase in serum OPG level associated with 
significant decrease in serum RANKL level, in addition to 
significant down regulation of NF-κβ gene expression level in 
femur bones. These results may be in accordance with the 
principal that bone formation is an intricate and ordered cascade 
reaction between relevant stem cells and biomaterials in a 
continuously renewed internal environment, the procedure of 
which is regulated by growth factors (Giraud Guille et al., 2005).   

In cell based approaches, several reports demonstrated 
that calcium phosphate bioceramics combined with MSCs ( Kruyt 
et al., 2007 and Trojani et al., 2006) and/or growth factor (Wang et 
al., 2010) could induce ectopic bone formation. In the same 
context, Chai et al., (2012) indicated that stem cell-based strategies 
for bone regeneration, which use calcium phosphate (CaP)-based 
biomaterials in combination with developmentally relevant 
progenitor populations, have significant potential for clinical repair 
of skeletal defects. As seeding a threshold amount of stem cells 
into CaP-based biomaterial is a key determinant for CaP-driven 
ectopic bone formation. 

Regarding the mechanism of osteoinduction by 
biomaterials, Cheng et al., (2013) reported that both CaP and BCP 
powders induce osteogenesis because Ca ions existed in these 
materials. Meanwhile, in vitro, both trace CaP and BCP powders 
could induce osteogenic differentiation of hMSCs, suggesting that 
chemical composition was the necessary condition of osteogenesis. 
Also recently, Song et al., (2013) suggested that the BCP granules 
with HA/β-TCP ratio of 5/1, were likely successful in adsorbing 
endogenous growth factors from the body fluids in vivo, which 
was manifested by imparting an osteoinductivity to the BCP to 
achieve ectopic bone formation. Also the ability of such implants 
to recruit distant MSCs and induce osteogenic differentiation and 
bone formation is promising for applications in regenerative 
medicine. Our results for the IBS group indicated the inability of 
this composite alone to reverse osteoclastogenesis in OVX rats 
significantly. These results agree with those of Hicok et al., (2004) 
who observed osteoid formation in 80% of HA–TCP implants 
loaded with MSC cells implanted subcutaneously in mice, while in 
the control HA–TCP implanted without cells, the osteoid 
formation was not observed.  The differences in the experimental 
protocols could contribute to the shortage effect of IBS in 
management of osteoclastogenesis. As the injection model used in 
the present study contrast the direct implantation model used in 
various reports. However these studies demonstrated a positive 
effect on using the biomaterials for local treatment of bone 
diseases, but they require more invasive surgical interventions. 
Blouin et al., (2006) reported that HMPC /BCP composite 
implanted in osteoporotic rats induces bone formation.  This IBS 
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was injected in the holes drilled in the femurs cortex and X-ray 
examination ensures the corrected implantation of the 
biomaterials. Soon after implantation, disappearance of the 
polymer is followed by colonization of the implant site by cells 
and neovascularization leading to the deposit of woven bone 
around BCP granules. Also extensive studies indicated that the 
first generation IBS composites, which consists of a water soluble 
3% cellulosic polymer (like HPMC), needed the improvement of 
its properties by grafting silane to HPMC. This Si-HPMC hydrogel 
have been set up to make it easy to manipulate in vitro and to 
inject in vivo (Trojani et al., 2006). In conclusion, the present 
study highlighted the potential role of adipose derived mesenchmal 
stem cells (ASCs) in reducing osteoclastogenesis in 
ovariectomized rats. In addition, the combination of ASCs with 
osteoinductive material, injectable calcium phosphate composite 
(IBS), represents a novel approach with significant importance in 
management of osteoporosis.                                                    
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