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Abstract 

Methods 

Results 
With current medical technology, injury to tissue that goes 
beyond the body’s normal capacity to repair itself can only 
be treated by transplantation or the use of a synthetic tissue 
replacement. These options are limited in availability and 
involve high risks of rejection and infection. Current 
research seeks to regenerate lost or damaged tissue by 
using porous scaffolds seeded with a patient’s own cells. 
Because the properties of these scaffolds are highly 
application-specific, tunable biomaterials are of interest to 
researchers, as these materials can be easily altered to 
elicit more favorable cellular responses. This work combines 
two previously studied materials: poly(glycerol sebacate) 
(PGS), an elastomer with tunable mechanical properties, 
and bioactive glass (BG), a ceramic shown to promote 
osteoblast proliferation and differentiation. Combining these 
two materials creates a scaffold with the mechanical 
properties necessary to support surrounding tissue and the 
biological properties required to promote the growth and 
integration of new bone tissue. In this experiment, MC3T3 
osteoprogenitor cells were cultured on PGS/BG samples of 
varying BG concentration. The extent of differentiation on 
the scaffolds was measured after 4, 12, and 16 weeks in 
culture. Bone differentiation protein expression and alkaline 
phosphatase (AP) activity were analyzed through 
immunocytochemistry and Cell Bio Lab’s AP Assay, 
respectively. Proliferation was measured using a CyQuant 
NF Proliferation Assay. By characterizing the effects of this 
material on cell differentiation and proliferation, we can 
better understand the interactions between cells and 
substrates, and ultimately aid in the design of biofunctional 
scaffolds for bone tissue regeneration. "

Introduction 

References and Acknowledgements   

The Concept: 

 The specific properties of a biomaterial can be used to                     
control cellular response 

 Tissue engineering seeks to use material scaffolds to 
promote cellular growth and specific differentiation to 
regenerate lost tissue 

Materials: 
Poly(glycerol sebacate) (PGS):    

  Biocompatible, biodegradable elastomer 
  Mechanical tunability based on cure temperature 

Bioactive Glass (BG): 
  Ceramic unsuitable for scaffold material alone 
  Promotes osteoblast proliferation and differentiation 

 The combination of these materials is expected to 
maintain the mechanical tunability of PGS, with the 
added biofunctionality of BG 

Cells receive chemical and mechanical cues from their environment, particularly the 
surfaces they contact. These cues can influence cellular processes including 
differentiation, migration, and apoptosis.    

Material Synthesis: 

PGS Prepolymer: 
  1:1 mol ratio sebacic acid:glycerol 
  24 hours under N2 at 120°C 
  48 hours under vacuum and 120°C 

PGS/BG Composite: 
   Dissolved pre-polymer in 50% w/v THF 
  Added BG powder at 5 and 10% w/v 
  Dipcoated glass coverslips and evaporated THF  
  Cured in vacuum oven for 48 hours at 140°C 

Post-preparation: 
   Samples were sterilized by autoclaving 
 Kept in media for 5 days with daily changes to eliminate 

unreacted sebacic acid 

Cell Culture: 

 MC3T3 preostoblasts seeded onto samples at 10,000 
cells/cm2  

 Culture media supplemented with ascorbic acid at 50 µg/
ml and β-glycerol phosphate at 10mM to induce 
osteogenic differentiation 

Sample Analysis: 
Immunocytochemistry: 

 Goal: Fluorescent visualization of important osteogenic 
 differentiation proteins 

 Osteopontin: Structural bone ECM protein produced by   
        osteoblasts 
 Osteonectin: Bone ECM glycoprotein critical to initiation of   
       mineralization 
 Osteocalcin:  Protein secreted by osteoblasts; important   
       in mineralization 

CyQUANT Assay: 
 Goal: Measure cell number on each sample 

Alkaline Phosphatase Assay: 
 Goal: Quantify Alkaline Phosphatase Activity, an 
 important marker of differentiation and mineralization 

Von Kossa and Alizarin Red Staining: 
 Goal: Identify mineralization based on calcium content 

 Von Kossa uses silver ions to bind to the phosphate in   
calcium phosphate, visible as black under brightfield 

 Alizarin Red at pH 4.1-4.3 binds to calcium-rich tissue, 
generating a red stain visible under brightfield  
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Objective 
To synthesize samples of PGS/BG with varying BG 
composition and characterize the effects of the material on 
MC3T3 growth and differentiation over extended periods of 
time. It is thought that the addition of BG will improve 
osteoblast proliferation and differentiation.  
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 PGS/BG composites are able to support proliferation of   
osteoblasts over 12 weeks in culture 

 An increase in the BG composition led to decreased   
proliferation, particularly at 10% BG composition 

 Von Kossa and Alizarin Red staining suggests the 
presence of mineralized matrix on differentiated samples 

 Future work will include a more comprehensive long-term 
study and further analysis of differentiation using qRT-
PCR   
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Elastic region of 
stress-strain 
relationship for PGS 
cured at 120, 130, 
140, 150 and 165 °C 
for 24 hours. The 
equilibrium modulus 
for each cure 
temperatures is 0.07, 
0.12, 0.43, 2.02 and 
2.30 MPa, 
respectively."
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Samples were fixed and stained after 12 weeks for osteopontin, 
osteonectin, and osteocalcin. 

Cell density and alkaline phosphatase activity were quantified on each 
sample after 12 weeks in culture. Initial cell density was 10,000 cells/cm2. 

Von Kossa staining performed on differentiated control after 12 weeks 
(A) and undifferentiated MC3T3s (B). 

Alizarin Red staining performed on a differentiated control (A) after 12 
weeks in culture, and was compared to an undifferentiated MC3T3 
control (B). A macroscopic comparison of (A) and (B) is also shown (C).  
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