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Abstract 
 
Background and purpose: Bone regeneration can be accelerated by localized delivery of statins.                     
Here, we aimed to evaluate the effect of two thermosensitive hydrogels containing rosuvastatin (RSV) on 
proliferation and differentiation of human osteoblast-like MG-63 cells. 
Experimental approach: Firstly, chitosan (CTS)/glycerophosphate (GP)/gelatin (G) thermosensitive 
hydrogel was prepared and characterized based on rheological properties, in vitro erosion, and release pattern 
of RSV and then the optimized mixture was loaded with nanoparticles containing RSV(NRSV).                   
Secondly, the effect of NRSV-embedded in CTS/GP/G on cell viability, alkaline phosphate activity,                     
and cell calcification was evaluated using MG-63 cells and compared with RSV-embedded into hyaluronic 
acid (HA)/Pluronic® F127 (PF127) hydrogel.   
Findings / Results: CTS/GP mixtures with 1 and 1.5 % gelatin existing in solution with low viscosity at              
4 °C were solidified at 32-34 °C while the mixture containing 2% gelatin was jellified at room temperature. 
The gelation times of CTS/GP/G with 1 and 1.5% gelatin were 72 and 44 s, respectively. The hydrogel 
containing 3% w/v NRSV was also converted to a semisolid upon increasing the temperature to 33-36 °C. 
Due to the higher gel strength of CTS/GP/G compared to HA/PF127 hydrogel, the release rate of RSV from 
the NRSV-embedded CTS/GP/G hydrogel was significantly slower than that of HA/PF127 system.                     
As revealed by alkaline phosphatase and mineralization assays, NRSV-embedded in CTS/GP/G hydrogel 
had the most promotive effect on differentiation of osteoblasts among other mixtures.  
Conclusion and implication: NRSV-embedded in CTS/GP/G hydrogel could be efficiently used in                     
the future for bone defects such as osteoporosis and bone fractures. 
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INTRODUCTION 

 
Treatment of bone defects such as bone 

fractures and bone loss in some disease such as 
osteoporosis has still remained a major clinical 
problem (1). Although growth factors such as 
bone morphogenetic protein-2 (BMP-2) has 
been widely evaluated for bone repair (2,3), 
the low physiological stability of these 
biological factors has so far hindered their 
practical application. Additionally, the high 
molecular weight of proteins and their 
complex structures could induce unwanted 
reaction of immune system in patients (4). 
There are some recent reports which show that 

statins, synthetic lipid lowering agents, have 
potential to stimulate bone regeneration, via 
alteration of bone metabolism pathways (5-7). 
Statins have been demonstrated to promote 
osteoblastic activity and inhibit osteoclastic 
activity through increasing the synthesis               
and secretion a wide ranges of factors and 
matrix proteins such as BMP-2. It is also 
reported that statins decrease the secretion of 
pro-inflammatory cytokines such as 
interleukin-6 and interleukin-8 (5,7).  
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Several types of statin drugs are available                  
in market to treat hypercholesterolemia. 
Following oral ingestion, statins are 
extensively metabolized in the liver and their 
bioavailability is estimated less than 20% (8). 
Thus, effective bone defect healing would not 
be achieved by oral delivery of statins. 
Nevertheless, positive effects of statins in bone 
regeneration have been illustrated following 
oral ingestion (9,10). Based on literature 
review, localized sustained administration of 
statins in bone sites would enhance their 
efficacy in bone reconstruction (11-14). 
However, most of earlier published reports 
have focused on local delivery of lipophilic 
statins such as lovastatin and simvastatin 
(12,13,15). The results of recent investigations 
have demonstrated that rosuvastatin (RSV) 
and pravastatin as hydrophilic statins are more 
efficient than lipophilic ones in terms of 
proliferation and mineralization (14,16). For 
instances, RSV-loaded sponges implanted into 
fractured rat femora promoted new bone 
formation with high mineral density (17,18). 
In another similar research, a biodegradable 
polymeric implant was used as a carrier for 
localized delivery of RSV to bone sites (19). 
In all aformentioned studies, because of high 
hydrophilicity and the low molecular weight of 
RSV, the drug content was completely 
released during 12 h. Ideally, a delivery 
system should provide a slow release of statins 
to achieve a beneficial effect on bone healing. 
In addition, all of previously developed 
carriers for delivery of RSV should be applied 
following invasive surgery in bone sites. 
Recently, we formulated RSV-loaded             
chitosan (CTS)/chondroitin sulfate (CS) 
nanoparticles (NRSV), which released RSV               
at a slow rate and the optimized nanoparticles 
were incorporated into hyaluronic acid (HA)/ 
Pluronic® F127 (PF127) thermosensitive 
hydrogel to be locally applied in bone sites 
(20). Thermosensitive hydrogels are clinically 
desired, as these systems are liquid at room 
temperature and could be easily injected in 
bone sites, while upon exposure to the body 
temperature they solidify into a hydrogel drug 
depot. Considering the unique advantages of 
CTS as a scaffold in tissue regeneration, in the 
current work we prepared CTS-based 

thermally sensitive hydrogel engrafted                   
with NRSV and compared the effect of               
these two different delivery systems                  
(CTS-based hydrogel versus HA-based 
hydrogel) on proliferation of osteoblast-like 
MG-63 cells. Here, the mixture of CTS,                   
β-glycerophosphate (GP), and gelatin (G),    
was prepared and characterized as                   
a thermosensitive hydrogel and loaded                    
with NRSV. Given the cell proliferation 
activity of RSV, HA, and CTS, it seemed 
interesting to compare the effect of                   
the HA-based and CTS-based delivery systems 
on proliferation of MG-63 cells, alkaline 
phosphatase activity (ALK), and                   
cell calcification. Finally, the injectability of 
the most effective formulation was also 
characterized.  

 
MATERIALS AND METHODS 

 
RSV calcium, CTS (deacetylation degree: 

85%, viscosity: 20-300 cP, molecular weight 
(Mw): 50-190 kDa), CS, HA, (Mw = 100-150 
kDa), PF127 (polyoxyethylene-
polyoxypropylene-polyoxyethylene tri-block 
copolymer, Mw = 12.5 kDa), G, and β-GP 
disodium salt were provided from Sigma 
Chemical Co. (St. Louis, MO, USA). 
Dulbecco’s modified eagle’s minimal essential 
medium (DMEM), fetal bovine serum (FBS) 
and penicillin-streptomycin (100 IU/mL and 
100 µg/mL, respectively) were obtained from 
Biosera (France). Human osteoblast-like MG-
63 cells line was purchased from Pasteur 
institute (Tehran, I.R. Iran). 3-(4,5-
Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT), Alizarin red, and TritonTM 
100X were supplied by Sigma-Aldrich (St. 
Louis, MO, USA). 
 
Preparation and characterization of 
thermosensitive NRSV-embedded CTS/GP/G 
solution  

NRSVs were prepared and characterized                   
as described in our previous work (20). 
Briefly, 5 mL of CTS solution with 
concentration 0.63 mg/mL in acetic acid at             
pH 4 slowly added to the10 mL of CS solution 
at 1 mg/mL in which 0.5 mg RSV was               
already dissolved. The resulting suspension 
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was ultrasonicated using a probe sonicator 
(Baldelin, Berlin, Germany) and centrifuged in 
Faclon® tubes for 10 min at 3000 rpm   
(Hettich Zentrifugen Model Routine 420 g) to 
precipitate NRSV. The precipitate was                  
then washed twice with deionized water                
and lyophilized to obtain white powder of 
NRSVs using freeze dryer (Model ALPHA 2-4 
LD plus, Christ Company, Stuttgart, 
Germany). The size and zeta potential of                
the nanoparticles were determined by    
dynamic light scattering using a Zetasizer 
(3000HS, Malvern Instruments Ltd., 
Worcestershire, UK). The drug entrapment 
efficiency (EE), drug loading (DL),                          
and release rate of RSV from nanoparticles 
were calculated according to our previous 
work (20). To prepare CTS/GP/G hydrogel 
solution, chitosan 2.5 % with 1, 1.5, or                   
2% (w/v) gelatin were dissolved in 0.1 M 
acetic acid at pH 3. Aqueous solution of                 
GP was added to the CTS/G solution in                      
a drop-wise manner at 4 °C and constant 
stirring. The final pH of the solution was 
adjusted to 7.4 (21). NRSV-embedded hydrogel 
was obtained by dispersing freeze-dried                   
of NRSV into CTS/GP/G solution at 
concentration of 3 % w/v of the nanoparticles.  
 
Rheological measurement of CTS/GP/G 
solution  

Gelation temperature, gelation time, and                  
the viscosities were measured using a                   
digital rotary viscometer (RVDV-III U,                
Daiki Sciences Co. USA). Aqueous solutions 
of the hydrogels at 4 °C were transferred into 
the glass container of the viscometer attached 
to a controllable circulation water bath.              
Then, the temperature was gradually increased 
and the interval for measurement was 0.2 °C. 
 
In vitro gel erosion behavior 

Erosion of NRSV-embedded CTS/GP/G 
system was evaluated with respect to weight 
loss. Weight loss of initially weighed hydrogel 
(W0) was monitored as a function of 
incubation time in BPS at 37 °C. At 3, 8, 24, 
48, and 72 h, hydrogel were removed                    
from phosphate buffered solution (PBS), 
freeze-dried, and then weighed (Wt) (22).               

The weight loss ratio was defined                   
as follows: ݔ = ୛బି୛೟ௐబ × 100                                                        (1) 

In vitro release studies of RSV from CTS  
and HA-based hydrogels 

One mL of hydrogel solutions containing 
NRSV were placed in 25-mL flat-bottomed 
glass beakers and allowed to gel in                   
an incubator at 37 °C for 5 min.                   
Then, 10 mL PBS (0.1 M, pH 7.4) was poured 
on the surface of gels and the vessels were 
shaken in a water bath shaker at 40 rpm and    
37 °C. At predetermined time points,                   
2 mL sample of the supernatant solution                  
was withdrawn and replaced with 2 mL               
fresh buffer. RSV in the samples                   
was measured using UV-visible 
spectrophotometer at wavelength 240 nm. 
 
Cytotoxicity study 

MG-63 cells were grown in DMEM 
containing 10% FBS and 1% penicillin-
streptomycin at 37 °C and 5% CO2. Cells were 
subcultured regularly using trypsin/EDTA. 
Cell suspension (200 µL at 5 × 105 cell/mL) 
was added to 200 µL of various formulations 
including, NRSV, NRSV-embedded 
CTS/GP/G hydrogel, the hydrogel without 
NRSV, and CTS/CS nanoparticles without 
RSV in 24-well plate. The plate was incubated 
for formation of physical gel at 37 °C for 30 
min. After that, 1000 µL of fresh medium was 
added to each well and the plate was incubated 
for 1, 2, and 3 days. The plate also had one 
well with untreated cells as the negative 
control and one well with culture medium as 
the blank. For survival assay, 100 µL of MTT 
solution was poured into each well and the 
plate was kept in the incubator for 3 h at                   
37 °C. The medium/MTT mixtures were 
replaced by 800 µL of DMSO to dissolve the 
formazan crystals in cells. Finally, the 
absorbance was determined at 570 nm by a 
plate reader (Stat Fax-2100; Awareness 
Technology Inc., Palm City, FL, USA). Each 
experiment was performed three times to 
ensure reproducibility of results.                   
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The percentage of cell survival for each well 
was determined by following equation (21). 	݈݈݁ܥ	݈ܽݒ݅ݒݎݑݏ	ሺ%ሻ =୑ୣୟ୬	ୟୠୱ୭୰ୠୟ୬ୡୣ	୭୤	ୱୟ୫୮୪ୣି୫ୣୟ୬	ୟୠୱ୭୰ୠୟ୬ୡୣ	୭୤	ୠ୪ୟ୬୩	୑ୣୟ୬	ୟୠୱ୭୰ୠୟ୬ୡୣ	୭୤	୬ୣ୥ୟ୲୧୴ୣ	ୡ୭୬୲୰୭୪	ି୫ୣୟ୬	ୟୠୱ୭୰ୠୟ୬ୡୣ	୭୤	ୠ୪ୟ୬୩	୪ ×100                                                                               (2) 

Alkaline phosphatase activity 
Alkaline phosphates activity as a functional 

feature for differentiation of MG-63                       
was determined for each sample using alkaline 
phosphatase kit (Pars Azmoon, I.R. Iran) 
according to manufacturer’s instructions. 
Briefly, 200 µL of cell suspension  (5 × 105 
cell/mL) were added to 200 µL of the various 
hydrogels in 24-well plate. The plate was 
incubated for formation of physical gel at 37 
°C for 30 min. Then, 1000 µL of fresh medium 
was poured into each well and the plate was 
incubated for 48 h. Then, culture medium was 
removed, the well was washed twice with PBS 
and cell lysis was performed by 0.1% Triton® 
100X. The activity of enzyme in the 
supernatant of cell lysate was determined by a 
colorimetric quantitative assay using p-
nitrophenyl phosphate as the substrate. The 
absorbance was measured at 405 nm by a plate 
reader (Stat Fax-2100; Awareness Technology 
Inc., Palm City, FL, USA). Each experiment 
was performed in triplicate (23). 
  
Mineralization assay 

Alizarin red staining was used to evaluate            
the degree of mineralization, another 
biochemical feature for differentiation of              
MG-63. The hydrogels (200 µL) was added to 
cell suspension; after gel formation,                       
the sample incubated for 2 days. Next,             
culture medium was removed; the cells were 
washed with PBS two times; cell fixation               
was performed by incubation of cells with              
4% formaldehyde at room temperature for                
20 min. Two additional wash with PBS                
were performed and Alizarin solution                      
(40 mM, pH 4) was added to each well                  
and incubated for 60 min. Finally the wells 
were washed for four times with PBS                   
and observed under an optical microscope           
and photographed using a digital camera (23). 
 
Determination of injectability 

The injectability of the optimized 
formulation was measured by means of a 
Texture Analyser (TA, Stable Micro System®, 

Vienna Court, UK) using fresh chicken meat 
to miming the injection into subcutaneous and 
muscles. The chicken meat was fixed in the 
sample holder of the apparatus, the hydrogel 
was filled into a 2-mL syringe with 21G 
needle (0.8 mm × 40 mm), and fixed between 
the upper movable carriage and sample holder 
of the apparatus. The movable carriage was 
moved downward at a prefixed speed of 100 
mm/min to inject the needle into the chicken 
meat. To determine the injection force of the 
formulation into a subcutaneous and muscles 
tissues, the needle was inserted 0.1 and 0.5 
inch underneath the chicken skin, respectively 
(22).  
 
Statistical analysis 

Analysis Data were expressed as means of 
three separate experiments and were compared 
by independent sample t-test for two groups, 
and one-way ANOVA for multiple groups. A 
P value < 0.05 was considered statistically 
significant in all cases. 
 

RESULTS 
 
Rheological behavior of the CTS/G/GP 
hydrogel system 

CTS/GP mixtures with 1 and 1.5% gelatin 
existed in solution with low viscosity at 4 °C 
which were converted to semisolid gels when 
the temperature was increased to 35 °C. The in 
vitro morphology of the CTS/GP/G hydrogel 
system at room temperature and 37 °C is 
shown in Fig. 1A.  

Gelation temperature and gelation time 
were also evaluated by measuring the viscosity 
versus temperature and time, respectively   
(Fig. 1B and C). The mixtures of CTS/GP with 
1 or 1.5% gelatin were solidified at 32-34 °C 
while the mixture containing 2% gelatin was 
jellified at room temperature. The data relative 
to 1% gelatin is not shown as it exhibited the 
same rheological behavior as the solution 
containing 1.5% gelatin. Figure 1C represents 
viscosity versus time of CTS/GP/G with 1 and 
1.5% gelatin at 30-35 °C. The solution based 
on 1.5% gelatin solidified more quickly than 
the solution with 1% gelatin as evidenced by 
the higher rate in increasing the viscosity from 
the beginning of the measure. The gelation 
times of CTS/GP/G with 1 and 1.5% gelatin 
were 72 and 44 s, respectively. The gelation 
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behavior of CTS/GP/G after incorporation 3% 
RSV-loaded nanoparticles was similar to Fig. 

1B with a slight increase in gelation time (data 
are not shown).  
 

 
Fig. 1. (A) Visual observation of CTS/GP/G hydrogel at room temperature (left) and at 37 °C (right), (B) viscosity vs 
temperature of CTS/GP mixture with 1.5 % G, and (C) viscosity vs time of CTS/GP solutions with 1 and 1.5% G. CTS, 
chitosan; GP, glycerophosphate; G, gelatin. 
 

 
Fig. 2. The mass erosion behavior of chitosan/glycerophosphate/gelatin hydrogel system. Data represent                       
the mean ± SD, n = 3.  
 

 
Fig. 3. In vitro release profiles of RSV from NRSV-embedded in HA/PF127 and NRSV-embedded in CTS/GP/G 
hydrogels. Data represent the mean ± SD, n = 3. NRSV, Nanoparticles containing rosuvastatin; HA, hyaluronic acid; 
PF127, Pluronic® F127; CTS, chitosan; GP, glycerophosphate; G, gelatin. 
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In vitro gel erosion   
Figure 2 shows the erosion behaviors of             

the hydrogel at 37 °C. CTS/GP/G maintained 
85% of its original weight over 72 days, while 
the HA/PF127 hydrogel evaluated in                    
our previous work (20) eroded to less than 
70% of its initial weight during 3 days.   
 
In vitro release studies of RSV from CTS and 
HA-based hydrogel 

Figure 3 shows the cumulative release of 
RSV from NRSV-embedded in CTS/GP/G and 
HA/PF127 hydrogels. The cumulative drug 
release profile of RSV from the CTS/GP/G 
hydrogel was slower than that of HA/PF127 
system. The mean release time values of 
NRSV-embedded in CTS/GP/G and 
HA/PF127 hydrogels were obtained 24.61 and 
15.21 h, respectively.   
 
Cytotoxicity assay 

As shown in Fig. 4A, in comparison                          
with blank CTS/CS nanoparticles, NRSV 
could increase survival and growth of MG-63, 
particularly after 72 h (P ≤ 0.05).                       
NRSV-embedded CTS/GP/G and blank 
CTS/GP/G could maintain the cell viability 
during incubation time.  
 
Alkaline phosphatase activity 

As revealed in Fig. 4B, alkaline 
phosphatase activity for cells seeded              
on NRSV-embedded CTS/GP/G was  

significantly higher than NRSV-embedded 
HA/PF127 at 48 h and 72 h (P ≤ 0.05). On the 
day three, MG-63 cells cultured in NRSV-
embedded CTS/GP/G also showed more 
enzyme activity compared to CTS/GP/G ones 
(P < 0.001). MG-63 cells cultured in NRSV 
well exhibited more alkaline phosphatase 
activity compared with blank CTS/CS after 48 
and 72 h (P < 0.05). It is clear from Fig. 4B, 
that alkaline phosphatase activity of the cells 
was enhanced by increasing the incubation 
time in all of the studied groups except 
HA/PF127 hydrogel.  
  
Mineralization assay 

Alizarin staining confirmed the results of 
alkaline phosphatase assay (Fig. 5). Cells 
incubated with NRSV-embedded CTS/GP/G 
or CTS/GP/G exhibited more calcium mineral 
content compared with other samples. 
Incubation of cells with NRSV or CTS/CS led 
to increase in calcium content compared with 
untreated cells. Furthermore, in comparison 
with the blank hydrogels, embedding NRSV 
into hydrogels led to stronger Alizarin 
staining. 
 
Determination of injectability 

The force required for injection of the 
CTS/GP/G hydrogel solution into 
subcutaneous and muscle tissue were                   
16.3 ± 2.5 and 17.8 ± 4.5 N, respectively 
indicating ease of formulation injection. 

 
Fig. 4. (A) In vitro cytotoxicity of the different formulations against human osteoblast-like MG-63 cells and (B) ALK 
activity of MG-63 cells after 48 and 72 h of culture with NRSV, CTS/CS, NRSV-embedded in CTS/GP/G                       
or CTS/GP/G. Data represent the mean ± SD, n = 3. *P ≤ 0.05 and **P ≤ 0.01 indicate significant differences compared 
with blank CTS/CS; #P ≤ 0.05 and ###P ≤ 0.001 show significant differences between defined groups.                       
NRSV, Nanoparticles containing rosuvastatin; HA, hyaluronic acid; PF127, Pluronic® F127; CTS, chitosan;                       
GP, glycerophosphate; G, gelatin; ALK, alkaline phosphatase. 
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Fig. 5. Photographs of mineral deposition visualized by Alizarin Red staining. Cells were cultured for 48 h with (A) 
untreated cells, (B) CTS/CS, (C) NRSV, (D) NRSV-embedded CTS/GP/G, (E) NRSV-embedded HA/PF127,                       
(F) CTS/GP/G, and (G) HA/PF127. NRSV, Nanoparticles containing rosuvastatin; HA, hyaluronic acid; PF127, 
Pluronic® F127; CTS, chitosan; GP, glycerophosphate; G, gelatin. 
 

DISCUSSION 
 

In the current study, we aimed to compare             
the efficacy of two different thermally 
sensitive hydrogels for sustained and localized 
delivery of RSV. The formulations                        
were constructed through the incorporation of 
NRSV into HA/PF127 or CTS/GP/G hydrogel 
systems. In our previous study                         
NRSV-embedded HA/F127 was successfully 
prepared and it converted to gel at 37 °C 
within a relative short time (20).                            
Here, we developed another hydrogel system 
for local delivery of RSV and compared 
cytological features of these two delivery 
systems using human osteoblast cell line,         
MG-63. The results of rheological 
measurements indicated that CTS/GP/G 
containing 1 and 1.5% gelatin could be 
solidified at 32 °C. However, the system with 
2% gelatin exited in a high viscous solution                
at 25 °C. The higher release rate of RSV from 
NRSV-embedded HA/PF127 compared to 
CTS/GP/G hydrogel especially at the later 
times could be attributed to higher gel strength 
of CTS/GP/G and its higher resistant to                      
the mass erosion compared to HA/PF127 
hydrogel. Based on literature review, RSV has 
a biphasic effect on the growth of osteoblast 
cells; it could improve cell survival at low 
concentrations (≤ 0.01 µM) while at high 
concentrations it could result in cell death                 

(≥ 10 µM) (16). Here, NRSV led to higher cell 
viability compared with free RSV at RSV 
concentration of about 0.2 µM. It could be due 
to the release pattern of RSV from                   
the nanoparticles resulting in lower 
concentration of the drug and improvement of 
MG-63 survival. Previous studies reported that 
release kinetics of statins from carriers could 
also affect differentiation of osteoblasts (4)              
. It is important to choose an appropriate 
delivery system, which provides slow                   
and sustained release of statins to ensure 
increase in osteogenesis and preventing of 
inflammatory reaction (23). As revealed by 
alkaline phosphatase and mineralization 
assays, NRSV-embedded in CTS/GP/G 
hydrogel had the most promotive effect on 
differentiation of osteoblasts among                   
other mixtures studied in the current work.                
It could be explained by the fact that                   
this scaffold had slowest release rate of                  
the drug among investigated matrices.                   
Cell adhesion and attachment to the surface               
of hydrogel is also critical for proliferation     
and differentiation of anchorage-dependent 
cells like MG-63. Cell adhesion is                   
highly dependent on physiochemical                   
and biomechanical properties of scaffolds.                  
It was observed that osteoblast seeded on 
CTS/GP/G hydrogels showed more cell 
viability compared with HA/PF127 ones 
evaluated in our previous study (20).                
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Viability for cells seeded on CTS/GP/G 
hydrogels was found to be 70-81% while               
cell viability of 59-71% was reported                       
for HA/PF127 hydrogels. CTS is                                 
a biodegradable and poly-cationic biopolymer 
which could support cell adhesion, 
differentiation and proliferation (24). 
Mechanical strength and structural integrity of 
CTS-based hydrogels make them suitable                
for bone tissue engineering (24,25). Gelatin 
(denatured collagen), another component              
used in CTS/GP/G hydrogel, has similar 
biological properties to collagen while it is     
less expensive. Therefore, this biomaterial             
has been widely used as a collagen alternative 
for tissue engineering applications. 
Furthermore, gelatin has some specific binding 
domains (e.g. RDG) which facilitate                       
cell attachment and adhesion (26).                 
Moreover, addition of gelatin into the scaffold 
results in improvement of activity                          
and differentiation of osteoblasts. On the other 
hand, HA especially its high molecular weight 
inhibits cell adhesion, proliferation, migration 
and angiogenesis. This natural polymer                     
is widely applied in osteoarthritis and plastic 
surgery as an anti-adhesive agent (27).                     
In the present study, lower cell viability 
observed for HA/PF127 hydrogel could be 
attributed to anti-adhesive property of HA.                
In agreement with our results, other groups 
reported that non-functionalized HA-based 
hydrogels could not support cell attachment 
and proliferation (28). Anti-adhesive 
properties of HA hydrogel could be explained 
based on its negative charge repelling cells. 
Another component of HA/PF127 hydrogel 
was pluronic F-127, a nonionic surfactant 
polyol. This agent could also be responsible 
for the decrease in viability of MG-63 seeded 
following incubation with HA/PF127 
hydrogel. Similarly, Buttner et al. reported  
that pluronic F-127 polymer reduced cell 
viability of osteoblasts without change in their 
phenotype. However, treatment of this 
polymeric scaffold with platelet-rich plasma 
resulted in improvement of cell survival (29). 
Despite the unique advantages of HA for 
tissue engineering, our findings revealed               
that HA/PF127 thermally sensitive hydrogel 

may not be a good scaffold for in vitro 
osteoblast proliferation. However, this hydrogel 
improved differentiation of osteoblasts,               
which may be due to biological properties of 
HA like mediating extracellular matrix 
remodeling. Based on our results,                   
this novel tissue engineering scaffold, NRSV-
embedded CTS/GP/G, can provide appropriate 
3D microenvironment architectures for                  
better osteoblast cell adhesion, differentiation 
and proliferation. This thermo-sensitive                
and injectable hydrogel scaffold can be 
considered as a promising candidate for bone 
tissue engineering which require further                   
in vivo research to confirm the effectiveness, 
biocompatibility and maintenance of structural 
integrity of the hydrogel. 
  

CONCLUSION 
 

In this study, NRSV-embedded CTS/GP/G 
hydrogel with sustained release profile                  
was prepared and evaluated for different 
physicochemical properties such as rheological 
behavior, in vitro erosion, and release rate of 
RSV, and then compared its effect on 
proliferation and mineralization of MG63 cells 
with HA/PF127 containing NRSV for bone 
tissue engineering application. Our results 
revealed that NRSV-embedded in CTS/GP/G 
hydrogel had the most promotive effect                   
on differentiation and mineralization of 
osteoblasts among other studied mixtures.                  
It can be concluded that NRSV-embedded in 
CTS/GP/G hydrogel may be used clinically in 
the future for bone defects such as 
osteoporosis and bone fractures, because they 
have better bioavailability and bioactivity              
than free RSV. However, more intensive 
studies are still needed to confirm the in vivo 
effectiveness, biocompatibility, and 
maintenance of structural integrity of                   
the hydrogel.  
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