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Statement of Purpose: Biostability is of critical 
importance for polyurethane materials applied for long-
term medical implants, including artificial hearts 
components, valves, and small bore vascular grafts. It has 
been recognized that polyester-based polyurethanes are 
not suitable for long-term implant due to its susceptibility 
to hydrolytic degradation. Although incorporating a 
polyether-diol, i.e. poly(tetramethylene oxide)(PTMO), 
can largely eliminate this problem, polyether urethanes 
suffer poor oxidative stability. To address this problem, 
we developed a series of unique poly(ε-
caprolactone)(PCL)-based multi-block thermoplastic 
polyurethanes(TPUs) incorporating polyhedral oligomeric 
silsesquioxane(POSS). The POSS moiety features an 
inorganic silicon-oxygen(Si-O) cage and up to eight 
organic groups pendant to each corner of the cage with 
the size of 1~3 nm. The silica-like framework confers 
POSS cages to be chemically robust, non-toxic and 
cytocompatible.[2] We hypothesized that POSS cages 
incorporated into TPUs would render them biostable 
owing to its own hydrophobicity and biostability. In this 
paper, we assessed for the first time the influence of 
POSS moieties on enzymatic degradation of the PCL-
based multi-block TPUs.  
Methods: Multi-block TPUs were synthesized from 
lysine-diisocyanate (LDI) with PCL-diol, polyhedral 
oligomeric silsesquioxane (POSS) diol and polyethylene 
glycol (PEG) following our previous report[1]. The 
molecular weight of PCL-diol was 1.25kg/mol, and the 
two PEG samples used were 1.0 and 10.0 kg.mol, 
respectively.  In order to discern importance of POSS 
covalent incorporation on biostability, we prepared a 
physical blend of POSS and PCL-PEG multi-block. The 
yielded products were cast into films from 
Tetrahydrofuran (THF) solution for microstructure 
characterization and enzymatic degradation test. The bulk 
structures of all samples were characterized by 
differential scanning calorimetry(DSC) and wide angle X-
ray diffraction(WAXD). Enzymatic degradation 
experiments were carried out at 37 oC in a 0.05M pH=7.0 
PBS (Phosphate Buffered Saline) solution with 0.4 mg/ml 
Lipase PS (enzyme). Enzymatic degradation in vitro was 
assessed by measuring mass loss and change in molecular 
weight employing gel permeation chromatography(GPC).  
Results: WAXD patterns of the multi-block TPUs 
indicated there are four characteristic peaks centered at d-
spacing: 10.7Å(101 reflection peak of POSS 
rhombohedral unit cell), 4.6 Å & 3.8 Å (120 and 231  
reflection peaks of PEG monoclinic unit cell), and 4.1 
Å(101 reflection peak of PCL orthorhombic unit cell), 
respectively. The melting behaviors of the crystalline 
domains observed in WAXD were revealed by DSC test. 
DSC heating traces showed there were two melting peaks: 
the lower one in the range from 50 oC to 60 oC is 

attributed to the PEG and PCL blocks, while the higher 
one ranging from 120 oC to 135 oC is assigned to POSS-
block. Both DSC and WAXD observations result from 
micro-phase separation due to thermodynamic 
incompatibility between hydrophilic PEG blocks and 
hydrophobic PCL-diol/POSS-diol. Figure 1 shows the 
influence of POSS incorporation on enzymatic 
degradation of multi-block TPUs. As compared with pure 
PCL, PCL-PEG multiblock TPUs (50 wt-% hydrophilic 
PEG block) showed a lower enzymatic degradation rate. 
If we physically blended 20wt% POSS moieties into the 
neat PCL-PEG multiblock TPUs, its enzymatic 
degradation time significantly increased from 7 d to 14 d. 
More surprisingly, the multiblock TPUs tethered with 20 
wt-% POSS moieties showed nearly no mass loss nor any 
molecular weight decrease within our experimental time 
range. Their enzymatic degradation behavior also seems 
independent of PEG molecular weight.  
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Figure 1. Mass remaining profiles of multiblock TPUs 
during enzymatic degradation by Lipase PS (0.4mg/ml) in 
a pH 7.0 PBS solution at 37oC. The subscript numbers 
represent the block weight %. 
 
Conclusions:  The multiblock TPUs demonstrated micro-
phase separation due to thermodynamic incompatibility 
between hydrophilic PEG blocks and hydrophobic PCL-
diol/POSS-diol, as proven using a combination of DSC 
and WAXD techniques. The incorporation of POSS 
moieties can significantly suppress the enzymatic 
degradation of the PCL-PEG based multi-block TPUs. 
Moreover, POSS moieties chemically incorporated into 
TPUs chain by condensation polymerization retard 
enzymatic degradation much more efficiently than their 
physically blending counterpart. This striking feature 
makes PCL-PEG-POSS TPUs potentially applicable to 
long-term biostable surgical implants.  
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