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Statement of Purpose: Recent statistics show that 
peripheral arterial diseases affect more than 8 million 
Americans, leading to significant increases in morbidity 
and mortality rates [1]. Surgical replacement of vessel 
segments or bypass surgery is the most common 
intervention for coronary and peripheral atherosclerotic 
disease, and although using a synthetic graft has been 
moderately successful for larger diameter vessels, this is 
not the case for vessels less than 6mm. As a result, a 
tissue engineering approach is looking most attractive.  
For vascular applications, scaffolds should be elastic so as 
to withstand cyclic mechanical strains without any 
significant permanent deformation or creep. Native blood 
vessels have a hierarchal configuration with smooth 
muscle cells and collagen fibrils oriented 
circumferentially in the media layer and with a monolayer 
of endothelial cells lining the internal intima layer [2].  
In this study, we have developed a unique hierarchal 
scaffold architecture that mimics this configuration both 
morphologically and mechanically by using different 
fabrication techniques to prepare tubular scaffolds from a 
novel biodegradable elastomeric poly(L-lactide-co-e-
caprolactone) (PLCL) copolymer.   
 
Materials/Methods: Multi-layered tubular constructs 
(5mm inner diameter) were produced from poly(L-
lactide-co-e-caprolactone) (PLCL) copolymer (molar ratio 
50:50, Mw-350,000) by combining electrospinning and 
different fiber/textile forming techniques. For preparing 
the sub-micron fibrous inner layer to promote endothelial 
cell growth, PLCL copolymer was electrospun from a 9 % 
(w/v) 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) solution 
using a flow rate of 1ml/hr and a 10 kV accelerating 
voltage. A specially designed wind up unit consisting of 
rotating mandrel with controlled speed was used to 
fabricate the tubular structures. To characterize the 
morphology and adhesion between the layers, image 
analysis and scanning electron microscopy (SEM) were 
performed. To determine the physical functionality, blood 
leakage tests and burst strength tests were conducted. In 
addition, transverse stress and strain were measured to 
failure on a mechanical tester (MTS Model 1122). To 
investigate the presence of residual solvent and its effect 
on cell behavior, cell adhesion and proliferation assays 
were performed with fibroblasts seeded at a density of 
10,000 cells per well. After incubation for up to 14 days, 
cytotoxicity and cell viability were determined by means 
of WST and LDH assay kits as well as SEM observation. 
The preparation of the three-dimensional media layer has 
been explored by various fiber forming techniques 
including melt spinning and yarn winding and other 
conventional textile fabrication methods. 

 
Results/Discussion: The mean diameter of the 
electrospun fibers in the inner layer were 960 ± 30 nm 
and the total porosity of the tubes was 84.38 %. The 
appearance of the tubes was white and film-like, 
maintaining both their tubular shape and their mechanical 
integrity. In Fig 1 representative micrographs of the inner 
layer are presented.  The first image shows the overall 
appearance of the tubes and the other images highlight the 
interconnected pore structure as seen in the cross-
sectional morphology at different magnifications. 

 
Figure 1-Electrospun tubes for inner layer of the tubular scaffold 

 
The overall mechanical properties exceeded that of 
natural arteries. The transverse breaking stress of the 
tubes in a dry state was 44.8 ± 3.5 MPa with extension of 
362.2 ± 9.7 %. Based on the cytotoxicity/cell viability 
assays it was evident that cell death decreased and cell 
viability increased after 7 days of culture as shown below. 
SEM micrographs in Fig 2 also confirm that the 
electrospun structure is free from long-term cytotoxic 
effects and supports cell attachment after 7 day of culture.  

 
Fig 2-WST and LDH assay results and SEM micrographs at 

0 day (left) and 7 day culture (right) 
 
Conclusions: A PLCL copolymer was successfully 
electrospun into tubular scaffolds having greater strength 
and compliance than those of natural arteries of 
equivalent caliber. These electrospun layers were 
designed to be the inner layer of hierarchal vascular 
scaffold and promote growth of an endothelial mono-
layer and provide hemostasis. The outer layers of the 
tubular constructs have been fabricated by different 
processing techniques so as to promote three-dimensional 
smooth muscle cell growth.  
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