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Abstract: Nanocomposites from polyether-type water-
borne polyurethane (PU) incorporated with different
amounts of gold nanoparticles (17.4–65 ppm) or silver nano-
particles (30.2–113 ppm) were prepared. Specifically, the
nanocomposite containing 43.5 ppm of gold or 30.2 ppm of
silver was previously found to possess the best thermal and
mechanical properties. The enhanced biostability of the
nanocomposite at the specific nanoparticle content was also
observed in subcutaneous rats. The latter was probably
related to the free radical scavenging ability of the nanocom-
posite shown in vitro. In this study, the in vivo biostability of
the full series of these nanocomposites was assessed by por-
cine subcutaneous implantation for 19 days followed by mi-
croscopic examination and chemical characterization using
attenuated total reflectance–infrared spectroscopy (ATR-IR).
The nanocomposite at 43.5 ppm of gold (‘‘PU-Au 43.5 ppm’’)

and that at 30.2 ppm of silver (‘‘PU-Ag 30.2 ppm’’) exhibited
superior biostability in pigs to those at higher or lower nano-
particle contents. In particular, evidence of oxidative chain
scission and crosslinking of the surface was presented by
ATR-IR spectra in the explanted PU and nanocomposites
other than PU-Au 43.5 ppm and PU-Ag 30.2 ppm. The
extent of biodegradation and that of foreign body reactions
were highly associated in these nanocomposites, both of
which showing negative correlation with the free radical
scavenging ability. The interdependency among antioxida-
tion/biostability/biocompatibility of PU was demonstrated
in this porcine model. � 2007 Wiley Periodicals, Inc.
J Biomed Mater Res 84A: 785–794, 2008
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INTRODUCTION

Polyurethane (PU) elastomers have been exten-
sively used in many biomedical devices for over 40
years because of their excellent biocompatibility and
mechanical properties.1,2 Recently, the development
of waterborne PU formulations has dramatically
increased because of the environmental demand.3,4

The ether-type waterborne PU was unfortunately sus-
ceptible to oxidative biodegradation in a biological
environment, similar to that occurred in the solvent-
borne poly(ether)urethanes (PEU).5–7 Highly reactive
oxygen species produced by the macrophages and
other phagocytes during inflammation may initiate
the oxidation by free radical reactions. For this reason,
solvent-borne PEU have been modified of the chemi-
cal structure8–10 or added with antioxidants such as
vitamin E, to improve their biostability.11,12

Several studies have been performed on the prepa-
ration of new polymer-metal nanocomposites.13–16

The advantages of these nanocomposites can be much
more remarkable than those observed in conventional
composites because of the high surface to volume ra-
tio of the metal nanoparticles. In our previous stud-
ies,17–19 gold and silver nanoparticles were added to a
waterborne PEU to improve their thermal and me-
chanical properties as well as biostability. The pur-
pose was successfully achieved when a specific
amount of gold (43.5 ppm) or silver (30.2 ppm) nano-
particles was used. The improved thermal and me-
chanical properties were related to the enhanced
hydrogen-bonding between hard segments upon
addition of Au or Ag nanoparticles.17,19 In addition,
the enhanced biocompatibility demonstrated in vitro
was attributed to the surface nanofeatures and the
free radical scavenging effect of the nanocompo-
sites.20 The free radical scavenging ability of the nano-
composites at the specific nanoparticle contents may
also account for their biostability in rats.18,19 In spite
of the promising results, the in vivo data of biostabil-
ity for these nanocomposites have not been fully
established yet. For example, the biostability of the
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nanocomposites not at the specific nanoparticle con-
tents was not studied. The in vivo degraded samples
were neither characterized properly. Consequently,
there was lack of direct proof for the relations among
antioxidation, biodegradation, and foreign body reac-
tions in our system.

Schubert et al.11,12 and others in the same research
group21,22 have investigated vitamin E or Santowhite
as an antioxidant for the implanted PEU. It was dem-
onstrated that the antioxidants prevented chemical
degradation of PEU, and protected the PEU surface
from severe pitting and cracking. This research group
has hypothesized that a feedback system of cell-poly-
mer interaction controlled the effect of the polymer
on the host (biocompatibility) and the host on the
polymer (biostability). Possible degradation products
from scission of PEU soft-segments could act as
‘‘feedback’’ signals to foreign body giant cells (FBGCs)
to modulate the behavior of adherent FBGCs. The
advantage of the current nanocomposite system was
that the variation in the oxidative stability of PU at
different nanoparticle contents was not monotonous20

(e.g. the addition of 43.5 ppm Au in PEU was best
followed by 65 and 17.4 ppm), which allowed us to
see tendency of change. Another advantage was that
the small amount of nanoparticles used should not
determine the chemical compositions. This avoided
the contribution from chemical difference.

To confirm the interdependency of antioxidation,
biostability, and biocompatibility in our PU nanocom-
posites, chemical characterization of the in vivo
degraded samples11 at different nanoparticle contents
was necessary. Therefore, a series of polyurethane–
gold (PU-Au) and polyurethane–silver (PU-Ag) nano-
composites were implanted in porcine subjects and
the explanted samples were characterized by optical
microscopy, SEM, and ATR-IR for a complete bio-
stability study in vivo.

MATERIALS AND METHODS

Materials

Poly(tetramethylene glycol) (PTMO; 2000 g/mol), from
Coating Chemical Industrial, Taiwan, was degassed at
708C. Methylene dicyclohexane diisocyanate (H12MDI) and
EES-200L (N-(ethylene sulfonate sodium salt) ethylene dia-
mine, 45% aqueous solution), from Jiuh Yi Chemical
Industrial, Taiwan, as well as ethylene diamine and di-n-
butyltin dilaurate, from TCI, were used as received. Ace-
tone was distilled prior to reaction. The solution of gold
nanoparticles and the solution of silver nanoparticles were
supplied by Global Nanotech Industries, Taiwan. The solu-
tion was a dispersion of gold or silver fine particles in
water (about 17.5 ppm/mL for Au or 27.2 ppm/mL for
Ag). The diameters of the Au and Ag nanoparticles were

both uniform and about 5 nm, which have been confirmed
by transmission electron microscopy.17,19

Polyurethane synthesis

In this study, the waterborne PU was prepared from ac-
etone process. The synthesis procedures of waterborne PU
were described briefly as follows. PTMO (200 g) and stoi-
chiometric H12MDI (1:2) were charged into a four-neck
kettle reaction equipped with nitrogen inlet, outlet, me-
chanical stir, and a thermometer. The reaction took place
under nitrogen flow at 708C and was monitored by dibutyl
amine titration.23 When the end-point of reaction had been
reached, around 250 g of acetone was added into the re-
action kettle, while the reaction mixture was cooled down
to room temperature. This was followed by addition of
EES-200L and stirring was continued for additional 30
min. Deionized water was introduced into the reaction
mixture with vigorous stirring. After the addition of deion-
ized water, ethylene diamine was added for further chain
extension. Finally, acetone in the reaction mixture was
removed by vacuum.

Preparation of PU-Au and PU-Ag
nanocomposite films

PU-Au and PU-Ag nanocomposites films were prepared
by adding a certain calculated volume of Au or Ag nano-
particle (containing 17.4–65 ppm of Au or 30.2–113 ppm of
Ag in the final weight) into 10% solution of PU. The mix-
ture was cast onto Teflon plates, dried at 608C for 48 h,
followed by further drying in a vacuum oven at 608C for
72 h to remove any residual solvent. The films were stored
in a desiccator at room temperature.

In vivo biostability by porcine implantation

The PU samples (*0.5 mm thick) were cut into 1 cm 3
2.5 cm specimens, sterilized with 70% ethanol, rinsed, and
placed in PBS. Biostability was assessed by subcutaneous
implantation of the samples in the dorsal region of pigs.
The pigs employed were small ear Lee-Sung strain experi-
mental pigs in 5-month-old and in good health, weighing
approximately 31–41 kg. Animals were anaesthetized with
Zoletil 50 (0.1 mg/kg) and Atropine sulphate (1 mg/kg),
followed by mask inhalation of 3% isoflurane. The hair on
the back of the pigs was carefully clipped, on both sides of
the spine (*30 cm 3 5 cm). The areas were cleaned by 70%
ethanol. On each side, four incisions with size approxi-
mately 1 cm 3 3 cm were created by a surgical knife. Then
the samples were inserted into the subcutaneous sites. The
skin wounds were closed by Polysorb suture no.3 (Auto
Suture, USA). Four pigs were used for each material. Nine-
teen days later, the pigs were anaesthetized and the
implanted samples and surrounding tissues were taken out.
Some of the samples were washed carefully with Triton X-
100 to remove adherent cells. Then they were rinsed with
distilled water and vacuum dried for viewing of surface
biodegradation under a reflective optical microscope
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(Nikon Labophot, Japan) or SEM described below, and for
ATR-IR characterization. Surface roughening, cracking or
pitting is a sign of oxidative biodegradation.24–26 The other
samples were fixed by formaldehyde, embedded, micro-
tomed, and stained by H&E for histological analysis.

Scanning electron microscopy

A JEOL JSM-6700F field emission scanning electron
microscope (FESEM) was used to collect a standard set of
SEM images of explanted specimens and unimplanted ref-
erence samples at magnification up to 10003 for evidence
of surface degradation. It was operated at a working dis-
tance of 11 mm, an acceleration voltage of 5 kV, and a
beam current of 1 3 10�10 A. The dried specimens were
made conductive with a 3-nm layer of gold using a Cres-
sington Rotating Magnetron Sputter Coater operated at a
working distance of 150 mm and a current of 20 mA. Each
sample was ranked on a scale of 1 (no evidence of bio-
degradation, smooth surface) to 6 (extensive deep cracking
of the entire surface) as described in the following guide-
lines: ranking of 1, specimen smooth on surface and no
cracking observed; 2, patches of fine cracking or pitting
over less than 10% of surface area; 3, patches of fine crack-
ing or pitting over 10–70% of surface area; 4, fine cracking
or pitting over greater than 70% of surface area; 5, any
deep cracking covering less than 70% of surface area; 6,
Deep cracking covering more than 70% of surface area
and/or loss of materials.27

Attenuated total reflectance infrared spectroscopy

The surface chemical structure of all the samples (pure
PU, PU-Au, and PU-Ag) before and after 19 days implan-
tation was analyzed by attenuated total reflectance ATR-IR
spectroscopy (Jasco 410, ATR PRO-410-S). The angle of
incidence used was 458 and held constant for all measure-
ments. About 40 scans were averaged to obtain one repre-
sentative spectrum for each material. Each spectrum was
normalized to the 1320 cm�1 band, cyclohexane C��C
stretch, as this band was used for this aliphatic PU as the
main reference peak.27 Qualitative analysis was used to
investigate the differences between spectra for the unim-
planted and explanted samples. For those materials with
polyether soft segments, attention was focused on the
spectral regions corresponding to the carbonyl groups
(non-hydrogen-bonded urethane carbonyl stretching at
1720 cm�1), ether methylene (1365 cm�1), and the ether
groups (aliphatic asymmetric C��O��C stretch near 1110
cm�1 and aliphatic symmetric C��O��C stretch at 1080
cm�1).28–31 The appearance of 1174 cm�1 band was also
checked, because this band was frequently observed in the
degraded PEU, and was assigned to a branched ether cre-
ated by crosslinking of the soft segments.29

Statistical analysis

Multiple samples were collected for each set of condi-
tions (n ¼ 4) and expressed as mean 6 standard deviation

(SD). Single factor analysis of variance (ANOVA) method
was used to assess the statistical significance of the result.
p values less than 0.05 were considered significant.

RESULTS

Optical micrographs of the explanted PU and nano-
composites are shown in Figure 1. The pure PU suf-
fered from severe surface degradation, manifested as
pits and cavities [Fig. 1(a)]. The degradation was
reduced by addition of Au (17.4–65 ppm) or Ag
(30.2–75.5 ppm) [Fig. 1(b–g)]. Among all nanocompo-
sites, PU-Au 43.5 ppm and PU-Ag 30.2 ppm showed
the least surface degradation [Fig. 1(c,e)].

Representative FESEM images at 10003 magnifica-
tion for the explanted PU and nanocomposites are
shown in Figure 2. The pure PU showed signs of
deep aggressive cracks after implantation [Fig. 2(a)].
PU-Au 43.5 ppm and PU-Ag 30.2 ppm showed a rela-
tively smooth surface [Fig. 2(c,e)] that changed little
after implantation. However, pits and cracks again
appeared frequently when Au increased to 65 ppm
[Fig. 2(d)] and Ag increased to 75.5–113 pm
[Fig. 2(f,g)].

Figure 3 shows the mean degradation ratings for
PU and nanocomposites. The presence of Au or Ag
nanoparticles in the nanocomposites at all contents
reduced the surface degradation of PU. Especially,
PU-Au 43.5 ppm and PU-Ag 30.2 ppm had the least
surface degradation. The ranking of biostability based
on less surface degradation was in the order of: PU-
Ag 30.2 ppm & PU-Au 43.5 ppm > PU-Ag 75.5 ppm
> PU-Au 65 ppm > PU-Au 17.4 ppm > PU-Ag
113 ppm > pure PU.

The histological analysis of explanted PU and nano-
composites is illustrated in Figure 4. The pure PU
showed significant infiltration of inflammatory cells
[Fig. 4(a)]. PU-Au 43.5 ppm [Fig. 4(c)] and PU-Ag
30.2 ppm [Fig. 4(e)] showed intact boundary and little
infiltration of inflammatory cells, that is they had
very low foreign body reactions. Judging from the
histology, the biocompatibility was ranked in the
order of: PU-Ag 30.2 ppm & PU-Au 43.5 ppm > PU-
Ag 75.5 ppm > PU-Au 65 ppm > PU-Au 17.4 ppm >
PU-Ag 113 ppm > pure PU. This was exactly the
same order as that of biostability based on less surface
degradation.

The chemical analysis of the polymer surface can
indicate specific molecular alterations following im-
plantation. Peak height analysis in the ATR-IR spectra
was used to quantify the chemical changes of PU and
nanocomposites after implantation. The peak at 1320
cm�1 in the samples, assigned to the cyclohexane
C��C stretch, was used as the reference peak for this
aliphatic PU. All spectra were normalized to this ref-
erence peak. Peak height analysis of the 1110 cm�1

BIOSTABILITY AND BIOCOMPATIBILITY OF POLY(ETHER)URETHANE 787

Journal of Biomedical Materials Research Part A DOI 10.1002/jbm.a



(ether), 1365 cm�1 (a-methylene), and 1720 cm–1

(non-H-bonded carbonyl) peaks for explanted PU
and nanocomposites is shown in Figures 5–7. The
apparent order of susceptibility to oxidation, as
shown by the loss of 1110 cm–1, was: pure PU & PU-
Ag 113 ppm > PU-Au 17.4 ppm > PU-Au 65 ppm >
PU-Ag 75.5 ppm > PU-Au 43.5 ppm & PU-Ag 30.2
ppm. Similar trends were seen with peak height anal-
ysis of ether methylene at 1365 cm�1 (except PU >
PU-Ag 113 ppm) as well as non-hydrogen-bonded
C¼¼O at 1720 cm�1.

Figure 8 illustrates the ATR-IR spectra in the region
of 1300–1000 cm�1 for each sample before and after
implantation. The pure PU after implantation had a

significant loss at both the 1110 cm�1 soft segment
ether peak and the 1080 cm�1 hard segment ether
peak compared to the original before implantation
[Fig. 8(a)]. The weak new peak at 1174 cm�1 was
clearly observed. The explanted PU-Au 43.5 ppm
[Fig. 8(c)] showed little change from the unimplanted
specimen. Besides, there was no indication of the
branched ether peak around 1174 cm�1. Similar
results were seen in the spectrum of the explanted
PU-Ag 30.2 ppm [Fig. 8(e)], where little change from
the unimplanted specimen was found. All the other
nanocomposites showed the appearance of 1174 cm�1

and various degrees of change in the spectra after im-
plantation.

Figure 1. The surface degradation of implanted samples visualized by optical microcopy clearly presenting a less ruffling
surface for PU-Au 43.5 ppm and PU-Ag 30.2 ppm. (a) pure PU; (b–d) the PU-Au nanocomposites at 17.4 ppm (b),
43.5 ppm (c), and 65 ppm (d) of Au; (e–g) PU-Ag nanocomposites at 30.2 ppm (e), 75.5 ppm (f), and 113 ppm (g) of Ag.
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DISCUSSION

From the optical micrographs and FESEM images,
the pure PU clearly displayed the least resistance to
degradation with most of the specimens fragmenting
or undergoing deep, aggressive degradation. The pit-
ting of surface was attributed to extraction of low-
molecular-weight degradation products that resulted
from chain scission.32 The pit size decreased when Au
or Ag was added. The nanocomposites PU-Au
43.5 ppm and PU-Ag 30.2 ppm had similar biostabil-
ity with the majority of images free of signs of degra-
dation. When the Au contents increased from 43.5 to
65 ppm, more surface degradation was observed.
Similar situation also occurred when the Ag contents

increased from 30.2 ppm to higher numbers. The rat-
ings reflected these observations. As previously
reported,17–20 the amount of Au or Ag had a strong
influence on the hydrogen-bonding formed, thermal
and mechanical properties, hard domain size, and the
free radical scavenging ability of the nanocomposites.
The presence of a suitable amount of Au or Ag in the
PU matrix stabilized the polymer chains and served
to prevent oxidation. However, when the Au or Ag
contents were beyond the proper range, the nanopar-
ticles could form aggregates and cause the unfavora-
ble changes. It has been reported that the addition of
single-wall carbon nanotubes (SWNT) into poly(pro-
pylene fumarate) at low concentrations increased the
rheological and mechanical properties but the effects
decreased at higher concentrations because of aggre-
gation of SWNT.33 These observations suggested that
the dispersion of nanomaterials be a critical factor to
determine the final properties of the nanocomposites.

Analysis of the ATR-IR spectra for the explanted
pure PU also revealed significant surface degradation.
The chemical changes caused by biodegradation in
porcine implants were consistent with severe oxida-
tion of the aliphatic polyether soft segment and hy-
drolysis of the urethane bonds joining hard to soft
segments. The decrease of the polyether soft-segment
bands was attributed to oxidative attack on the soft-
segment ether, resulting in chain scission. The
appearance of the weak new peak at 1174 cm�1, pre-
viously assigned to branched ether,29 is thought to
indicate that some crosslinking also occurred. Oxygen
radicals abstract a proton from the a-methylene posi-
tion of the polyether, resulting in chain scission or
crosslinking of the PU.29 In contrast, the spectrum of

Figure 3. Degradation ratings for pure PU and nanocom-
posites after implantation. Significance (p < 0.05): *smaller
than PU, **smaller than PU-Au 17.4 ppm and PU-Ag 113
ppm, þsmall than all the other samples.

Figure 2. The surface degradation of implanted samples
visualized by FESEM clearly presenting a less pitting/
cracking surface for PU-Au 43.5 ppm and PU-Ag 30.2
ppm. (a) pure PU; (b–d) the PU-Au nanocomposites at
17.4 ppm (b), 43.5 ppm (c), and 65 ppm (d) of Au; (e–g):
PU-Ag nanocomposites at 30.2 ppm (e), 75.5 ppm (f), and
113 ppm (g) of Ag.
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the explanted PU-Au 43.5 ppm or PU-Ag 30.2 ppm
remained very similar to that of the unimplanted
specimen. The ranking order of biostability demon-
strated in this study was in good accordance with the
free radical scavenging ability of the series of PU
nanocomposites reported earlier.20 The main mecha-
nism for biodegradation of PEU has been found to be
oxidation.7,29,30,34-36 Inhibition of cell-mediated bio-
degradation would be indicated by low cell adhesion,
high levels of apoptosis, or conversion of macro-
phages to foam cells, a cell type unable to release

oxygen radicals.11 The a-carbon of the polyether soft
segment of PEU is highly susceptible to oxidation by
free radicals to form ester.29 Therefore, the PU nano-
composites that were oxidatively stable had lower
rates of degradation.

Histological analysis demonstrated the better bio-
compatibility of PU-Au and PU-Ag nanocomposites.
The infiltration of inflammatory cells was significantly
reduced, especially in PU-Au 43.5 ppm and PU-Ag
30.2 ppm. The biocompatibility of the series of PU
nanocomposites in porcine models was accurately

Figure 4. The histology of the implanted samples demonstrating much benign foreign body reactions of the PU-Ag nano-
composites (a) pure PU; (b–d) the PU-Au nanocomposites at 17.4 ppm (b), 43.5 ppm (c), and 65 ppm (d) of Au; (e–g) PU-
Ag nanocomposites at 30.2 ppm (e), 75.5 ppm (f), and 113 ppm (g) of Ag. Arrows indicate the presence of inflammatory
cells. [Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.]
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reflected by their biostability. Schubert et al.11 de-
scribed that the biocompatibility depended not only
on the properties of the polymer but also on its bio-
stability. They hypothesized a cell-polymer feedback
system for the control of biocompatibility and bio-
stability of PU in vivo. A sequence of events is initi-
ated by the implantation of the polymer. The wound
initiates cell migration to the implant site. Polymer
surface properties, protein adsorption, as well as the
conformation and activity of the adsorbed proteins,
thereby influenced the cell adhesion and activation.

Adhered, activated cells then release free radicals
during their respiratory burst and modify further
cell migration and activity through mediator secre-
tion, all of which lead to PU degradation. The prod-
ucts of this degradation can in turn influence cellular
migration, adhesion and activation, and promote
degradation autocatalytically. The distinct surface
morphology and the free radical scavenging ability
of the nanocomposites in this study may attract and
activate less inflammatory cells.20 At the same time,
the nanocomposites are able to capture the free radi-
cals produced by the inflammatory cells that may
cause the degradation. The lower rates of degrada-
tion can reduce the degradation products, inhibit the
subsequent release of such products and, through
the feedback system as proposed by Schubert et al.12

reduce the otherwise recruited cells and further
inflammatory response.

It has been shown that the corrosion products from
the metallic components from pacemaker lead wire
coils were strong catalysts for PEU oxidation. In vitro,
radicals can be initiated by metal ion/oxygen com-
plex formation. In vivo, the macrophages and FBCGs
on the PEU surface as part of the foreign body
response also release hydrogen peroxide. This can
permeate the polymer to react on the surface of the
metal and produce oxygen free radicals inside the de-
vice in intimate contact with the PEU to facilitate
autoxidation. Metal ions are released during this pro-
cess, which can also react directly with the soft seg-
ment ether via redox reactions. These interactions
have been called metal ion oxidation (MIO).5,37,38

Contrary to the previous findings, in this study, the
biostability of PEU was enhanced by the nanosize

Figure 5. Surface associated biodegradation of the poly-
ether soft segment after implantation by peak height analy-
sis of the 1110 cm�1 ether linkage normalized to 1320 cm�1

reference peak. Significance (p < 0.05): *higher than PU,
**higher than PU-Au 17.4 ppm and PU-Ag 113 ppm,
þhigher than all the other samples.

Figure 6. Surface associated biodegradation of the a-
methylene after implantation by peak height analysis of
the 1365 cm�1 ether linkage normalized to 1320 cm�1 refer-
ence peak. Significance (p < 0.05): *higher than PU, **higher
than PU-Au 17.4 ppm and PU-Ag 113 ppm, þhigher than all
the other samples.

Figure 7. Surface associated biodegradation of the non-
hydrogen-bonded urethane carbonyl after implantation
by peak height analysis of the 1720 cm�1 normalized to
1320 cm�1 reference peak. Significance (p < 0.05): *higher than
PU, **higher than PU-Au 17.4 ppm and PU-Ag 113 ppm,
þhigher than all the other samples.
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metal particles (Au or Ag). Since the nanoparticles
were added in PEU preparation, the morphology of
the PEU has been significantly modified by the pres-
ence of nanoparticles. Furthermore, the PEU nano-
composites had greater free radical scavenging effect
that was able to capture the free radicals produced by
the inflammatory cells. This was a different mecha-
nism from MIO.

The hypothesis for the much reduced biodegrada-
tion by addition of antioxidants such as vitamin E
and Santowhite in solvent-borne PEU seemed to

apply also to the waterborne PEU in this study.11,12

More importantly, this study demonstrated a strong
interdependency among antioxidation, biodegrada-
tion, and biocompatibility in the whole series of PU
nanocomposites. As a matter of fact, the small
amount of Au or Ag nanoparticles in PU nicely
manipulated the range of their biological performance
in porcine studies. The best performance was
observed in PU-Au 43.5 ppm and PU-Ag 30.2 ppm.
The associated chemical changes of these nanocompo-
sites in the porcine model were parallel to those

Figure 8. ATR-IR spectra showing some of the major changes between 1000 and 1300 cm�1 after implantation. (a) pure
PU; (b–d) the PU-Au nanocomposites at 17.4 ppm (b), 43.5 ppm (c), and 65 ppm (d) of Au; (e–g) PU-Ag nanocomposites
at 30.2 ppm (e), 75.5 ppm (f), and 113 ppm (g) of Ag.
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reported for biodegradation/biostability of solvent-
borne PEU in subcutaneous rats.11,12,21,22 These nano-
composite systems served as a good model to further
support the hypothesis of biocompatibility/biostabil-
ity feedback system in PU.

CONCLUSION

The Au or Ag nanoparticles improved the biostabil-
ity of waterborne PEU in porcine studies by inhibiting
oxidation and crosslinking of the polyether soft seg-
ments. The improved biostability was most dramati-
cally realized by PU-Au 43.5 ppm and PU-Ag
30.2 ppm that showed virtually no surface change af-
ter implantation. Increased biocompatibility was also
demonstrated in PU-Au and PU-Ag nanocomposites,
in good agreement with the improved biostability.
The free radical scavenging ability of these nanocom-
posites could successfully predict their biostability
and biocompatibility. The biocompatibility/biostabil-
ity feedback hypothesis can be used to interpretate
the biological performance of these PU nanocompo-
sites in porcine models.

This work was conducted in the Center of Tissue Engi-
neering and Stem Cells Research of this university. Gold
nanoparticles were kindly supplied by Global Nanotech
Industries Ltd. The corresponding author is jointly
appointed by the Center of Nanoscience and Nanotechnol-
ogy of the university.
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