


2003 Summer Bioengineering Conference, June 25-29, Sonesta Beach Resort in Key Biscayne, Florida 

viability with a combination of the viable fluorescent probes Cell 
Tracker Green and Propidium Iodide (Molecular Probes) [3]. 
 Biochemical measurements of DNA, GAG, and hydroxyproline 
content after 21 days of culture gave further information about tissue 
proliferation and ECM deposition. Mechanical properties of the 
constructs were evaluated using uniaxial tensile testing. 
 
RESULTS 
 Throughout the culture period constructs showed high viability. 
In strained constructs cells were observed to orient predominantly 
parallel to the direction of applied strain, whereas unstrained controls 
showed more random cell orientations [Fig 2]. It is expected that this 
cellular alignment will favor collagen deposition and fiber orientation 
in the direction of applied strains. 
 
 
 
 
 
 
 
 
 
Figure 2. Cell orientations visualized with CLSM of  strained 

(left) and unstrained constructs (right), day 21. 
 
 Further qualitative analyses demonstrated more pronounced and 
organized tissue formation in strained constructs as compared to 
unstrained constructs [Fig. 3]. Moreover, a smoother and denser 
surface layer was produced with increasing maximum strain levels 
[Fig. 4]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 3. Top: HE ( �  40), bottom: M. Trichrome ( �  40) of 10% 
max. strained constructs (left) and unstrained cons tructs 

(right), day 21. 
 
 
 
 
 
 
 
 
 

Figure 4. Scanning electron micrograph of surfaces of 
strained (left) versus unstrained (right) construct s, day 21. 

 DNA, GAG and collagen content, as well as mechanical 
properties [Fig. 5] were significantly higher in strained versus 
unstrained constructs at maximum strain levels exceeding 9%.  
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Typical stress-strain relationships of 10 % max.  
strained constructs versus unstrained constructs 

 
 
CONCLUSION 
 Mechanical conditioning using cyclic straining is a promising 
method to improve tissue formation and properties of engineered heart 
valve material. Contrary to what is currently done when mechanically 
conditioning tissue engineered heart valves [2] and what has been 
hypothesized so far [4], we conclude that large strains are beneficial in 
early tissue development and should be applied at an early stage of the 
culture protocol to improve the load bearing properties of the tissue. 
As the load bearing properties are primarily dependent on collagen 
formation and architecture, which in turn are mainly determined by 
cyclic straining, the application of fluid shear stresses seems less 
critical for conditioning heart valve tissue at an early stage. Currently, 
straining devices for applying optimal straining levels and directions in 
complex 3D heart valve conduits are being developed. 
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