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Biodegradable Polyurethane/cellulose Fibrous Scaffold
for Cardiac Tissue Engineering
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Abstract
Heart failure is a major cardiovascular disease with high mortality. The

cardiac tissue engineering has shown potential to cure damaged myocardium
by cardiac scaffold. The cardiac scaffold can not only enhance cardiac
function but also improve cardiac remodeling. In cardiac tissue engineering,
scaffolds must be porous, resilient, biodegradable, biocompatible and similar
mechanical properties matching with native tissue. Electrospin is a
promising technique to fabricate nanofibrous scaffold which is mimic the
structure of extracellular matrix (ECM) and provides high surface area with
interconnecting pores. Polyurethane urea exhibits excellent elasticity and
toughness. Ethyl cellulose (EC) is a chemically modified cellulose exhibits
excellent plasticity, good solubility in organic solvents, biocompatibility and
high mechanical strength. Therefore, a combination of polyurethane urea
and ethyl cellulose as a composite biomaterial can have both
biocompatibility and strength required for cardiac tissue engineering.

In this study, we have synthesized biodegradable polyurethane urea
from polycaprolactone diols (PCL), isophorone diisocyanate (IPDI) and 1,4-
diaminobutane (DAB) by reacting PCL diols with IPDI first then with DAB.
The chemical structure of synthesized polyurethane urea was confirmed by
IR and its number average molecular weight was determined by GPC to be
68kDa. The polymer is an elastomer which has a low glass transition of -
65°C. It does not have phase transitions between 37°C and 40°C which is a
dimensional stable to be used in human body. It also exhibits high elasticity
and strength. The polyurethane urea was dissolved in dimethylacetamide
and electrospun into fibers with various diameters. We investigated the
effect on HIC2 cells growth by changing fiber width, the blending ratio of
ethyl cellulose and alignment of fibrous scaffold.



The scaffold made from about 1 micron diameter has 73%
higher cell density than those made from thinner diameter of fibers
at 260 nm and 602 nm from the 7 days MTT test of rat
cardiomyocyte cell lines H9C2. The SEM photo shows the cell
morphology on wider fiber scaffold exhibits preferred long
elongated structure as compared with round structure obtained
from thinner fiber scaffold. The wider fiber scaffold also has higher
tensile strength. We aligned fiber during the electrospin process
using a drum collector. The scaffold made from aligned fiber
exhibits increased cell density and mechanical properties. The
scaffold can be degraded to 94% of its original weight in saline
solution at 37°C for 70 days. When the polyurethane urea was
blended with ethyl cellulose, enhanced mechanical properties and
biocompatibility were observed. The blending ratio of polymer to
cellulose at 9:1 (by wt.) found to increase the cell density further by
13%. The scaffold made from the aligned composite fiber showed an
increase of 80% cell density, doubling modulus, increasing tensile
strength by 39% as compared with random neat polymer fiber.
Continuous, high density and elongated cell morphology is observed
for aligned fiber by SEM. The fluorescence microscopic images of
H9C2 by three dyes of DAPI, alpha actinin and connexin
respectively are consistent with the results of SEM. In summary,
aligned electrospun biodegradable polyurethane urea/EC scaffold
has potential in the application of repairing damaged heart tissue.
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