
Original Article

Slow chlorine releasing compounds:
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Abstract

Objective: Selection of the appropriate sterilisation method for biodegradable materials has been a challenging task.

Many conventional sterilisation methods are not suitable for the next generation of biomaterials, mainly due to their

complex composition, based on nanomaterials, often incorporating bioactive moieties. In this study, we investigate

sterilisation efficacy of slow chlorine releasing compound sodium dichloroisocyanurate dihydrate (SDIC) for polyhedral

oligomeric silsesquioxane (POSS)-poly(caprolactone urea-urethane) (PCL) scaffolds in comparison with conventional

sterilisation methods.

Methods: POSS-PCL scaffolds were subjected to 70% ethanol, UV, and SDIC sterilisation methods. Samples were

immersed in tryptone soya broth (TSB) and thioglycollate medium (THY) and after seven days visually inspected for

signs of microbial growth. Bulk and surface properties and molecular weight distribution profiles of the scaffolds after

sterilization were investigated using FTIR analysis, surface hydrophilicity, scanning electron microscopy analysis, tensile

strength testing, and gel-permeation chromatography (GPC). Adipose-derived stem cells (ADSC) were seeded on the

scaffolds and AlamarBlue� viability assay was performed to investigate cell metabolic activity. Confocal imaging of

rhodamine phalloidin and Dapi stained ADSC on scaffolds was used to demonstrate cell morphology.

Results: GPC results showed that autoclaving led to a significant decrease in the molecular weight of POSS-PCL,

whereas ethanol caused visible deformation of the polymer 3D structure and UV radiation did not effectively sterilise

the scaffolds. AlamarBlue� analysis showed metabolic activity close to that of tissue culture plastic for ethanol and SDIC.

Conclusion: SDIC sterilisation can be safely applied to biodegradable scaffolds unsuitable for the more common

sterilisation methods.
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Introduction

The surface physicochemical properties of biodegrad-
able polymers are highly relevant as they dictate
whether proteins and cells adsorb onto the surface;
these factors are of great importance for cell culture
and in tissue engineering applications. Fabrication pro-
cedures, including polymer and solvent selection, pro-
cessing and sterilisation methods, influence the surface
chemical and physical properties of biomaterials.

We have designed a biodegradable nanocomposite
polymer by incorporating the biostable polyhedral oli-
gomeric silsequioxanes (POSS) nanocages into a
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poly(caprolactone urea-urethane) (PCL). Incorporation
of polyhedral oligomeric silsesquioxanes (POSS) in
dental implant composites is associated with improved
elastic and mechanical properties.1 POSS can be incor-
porated into the hard segment of polyurethane as a side
chain. Poly(caprolactone urea-urethane) is a polyureth-
ane with a soft segment composed of polycaprolactone
(80%) and polycarbonate (20%) and a urea hard seg-
ment. It is a biodegradable (via hydrolysis and
enzymes) aliphatic polyester, which has been exten-
sively reported to demonstrate biocompatibility2–4 and
used in several copolymers and polymer blends to
enhance specific properties.5,6 It is proposed that capro-
lactone repeating units will provide controlled degrad-
ation whilst the POSS nanocages will contribute to the
mechanical strength required for a tissue-engineering
scaffold. When considering the design of a 3D bioab-
sorbable scaffold, it is crucial that the scaffold keeps its
shape as well as its mechanical structure while there is
gradual disappearance of the scaffold. In many bio-
degradable scaffolds, this is not the case. Here, we use
POSS nanocages as an adjunct to create a nanonetwork
aimed at keeping the integrity of the scaffold whilst
biological tissue replaces the organ under development.

Sterilisation methods are chosen on the basis of their
cost-effectiveness and ability to retain the structural
integrity and biocompatibility of the polymer. There
are few suitable sterilisation techniques available for
biodegradable 3D tissue engineering scaffolds because
of their susceptibility to degradation and morpho-
logical degeneration by high temperature and pressure.
As sterilisation is the last step before clinical applica-
tion, its influence on the properties of the material and
subsequent protein and cell adhesion is often over
passed. Common biomaterial sterilisation methods
include autoclaving, hot air ovens, ethylene oxide gas
treatment, ultraviolet (UV) and gamma irradiation, or
exposure to chemical sanitisers, such as ethanol,
sodium hypochlorite, hydrogen peroxide, and sodium
hydroxide. However, each of these sterilisation meth-
ods has several advantages and disadvantages, which
can influence their applicability. POSS-PCL, as a bio-
degradable polymer, is notably susceptible to the dele-
terious effects of heat and pressure associated with most
sterilisation techniques exhibiting deteriorations in its
mechanical and surface properties.

In this study, we investigated the efficacy of sodium
dichloroisocyanurate dihydrate (SDIC) as a sterilisa-
tion technique for clinical application of POSS-PCL
nanocomposite scaffolds. We specifically studied any
changes in surface chemistry, hydrophilicity, micro-
scale surface properties, the integrity of the polymer
chains, and tensile strength after sterilisation with
SDIC, ethanol, and UV radiation using FTIR, contact
angle analysis, SEM, Gel Permeation Chromatography

(GPC), and tensile strength testing, respectively. In
addition, we investigate adipose-derived stem cells
(ADSC) viability on POSS-PCL scaffolds subjected to
different sterilisation techniques.

Materials and methods

Synthesis and manufacturing of porous
POSS-PCL polymer scaffolds

In brief, the following protocol was used to synthesise
POSS-modified poly(caprolactone urea-urethane). Dry
polycaprolactone diol (2000 g/mol) and trans-cyclohex-
anechlorohydrinisobutyl-polyhedral oligomeric silses-
quioxane (POSS) were placed in a 250mL reaction
flask equipped with mechanical stirrer and Nitrogen
gas inlet. The mixture was heated to 135�C to dissolve
the POSS cage in the polyol solution and then cooled
down to 90�C. 9.4 g of 4, 40 methylenebis(cyclohexyli-
socyanate) was added to the polyol blend and then
reacted at 80�C for 120min under nitrogen to form a
prepolymer. Then 100 g of dry N,N-dimethylacetamide
(DMAC) was added slowly to the prepolymer to dilute
the mixture and this was cooled down to 40�C. Chain
extension of the prepolymer was carried out by the
drop wise addition of a mixture of 1 g of ethylenedi-
amine in 80 g of dry DMAC. After completion of the
chain extension, 2 g of 1-butanol in 5 g of DMAC was
added to the polymer solution to form the nanocompo-
site. All chemicals and reagents were purchased from
Aldrich Limited, Gillingham, UK. The polymer (10 g)
was mixed with NaCl (10.4 g, particle size 200–250 mm)
and Tween (0.4 g) for 3min and degassed with nitrogen
for 2min to form a uniform suspension. The nanocom-
posite was coagulated into sheets of equal dimensions,
using a stainless steel tray of 2mm thickness. The sheets
were submersed in deionised water to remove the solv-
ent and Tween. The resultant sheets were cut in circular
sizes for experimental investigation.

Sterilisation

Circular discs of coagulated POSS-PCL nanocompo-
site polymers were submersed in 1000 ppm SDIC at
room temperature for 10, 20, 30, and 60 min. All sam-
ples were then subjected to daily rinses in sterile deio-
nised water for seven days. The pH of the samples was
then measured to ensure removal of remaining SDIC.
Additional POSS-PCL coagulated discs were either
treated with ultraviolet radiation using a mobile
room UV decontamination device (wavelength
254 nm, mean density 15 kJ/cm2) for 40min or sub-
mersed in 70% ethanol for 30min followed by three
rinse cycles in sterile deionised water for 10min at
room temperature.
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Sterility testing

Samples sterilised with SDIC (10, 20, 30, and 60min),
ethanol, and UV radiation were tested for sterilisation
effectiveness (n¼ 18). Samples were immersed in tryp-
tone soya broth (TSB) and fluid thioglycollate medium
(THY) for cultivation of microorganisms (Wickham
Laboratories, Hampshire) for a period of 14 days at
temperatures of 20–25�C for TSB and 30–35�C for
THY. Sterile broth was used a negative control and
unsterilised samples as positive controls. The broths
were examined macroscopically every 3 days with
clouding of the broth indicative of contamination and
inefficient sterilisation, whereas a clear broth would
indicate no infection and an efficient sterilisation of
the samples.

Visual inspection

All samples withstood treatment with UV and SDIC
well, irrespective of incubation time. POSS-PCL
autoclaved samples were visually deformed and com-
pletely lost their initial shape. Therefore, it was not
possible to examine the autoclaved POSS-PCL samples
further. Ethanol caused visual deformation of the discs
but the samples could still be used for further
investigation.

Water contact angle measurements

The water contact angles of the SDIC, ethanol, and UV
sterilised POSS-PCL samples were measured with a
Krüss DSA100 Drop Shape Analyser (Hamburg,
Germany) and compared to unsterilised control sam-
ples. Measurements (n¼ 16 samples) were made on the
surface of the nanocomposite with 0.25-lL droplets of
deionised water (MP-3A, Barnstead International,
Waltham, MA, USA) at 21�C using the captive
bubble method. Statistical analysis was performed on
the contact angle measurements and all subsequent
data sets with the one-way ANOVA test in Prism
(Graphpad Software Inc., La Jolla, USA).

Surface chemistry analysis using
Fourier-transform infrared

Fourier-transform infrared (FTIR) spectrophotometer
was used to analyse changes in the surface chemistry of
POSS-PCL controls and after ethanol treatment, UV
radiation, and 20min of SDIC sterilisation. For the
FTIR spectral measurements, a JASCO FTIR system
was employed. Samples were placed on the FTIR
mounting crystal and stabilised. Background spectra
were obtained for each measurement before placing
the samples on the FTIR crystal.

Tensile strength testing

Dumble-shaped samples of coagulated POSS-PCL
nanocomposite polymers submersed in 1000 ppm
SDIC at room temperature for 10, 20, 30, and 60min
(n¼ 16), UV radiated samples (n¼ 4), ethanol-treated
samples (n¼ 4), and untreated controls (n¼ 4) were
prepared. The thickness of each sample was measured
using an electronic micrometre apparatus before test-
ing. Mechanical properties, tensile property and tear
strength of ethanol, UV, and SDIC treated POSS-
PCL and untreated POSS-PCL controls were assessed
at 25�C. An Instron-5565 tensile tester (Instron Ltd.,
Bucks, UK) was used to test the stress–strain and tear
of both SDIC-treated and control POSS-PCL poly-
mers. Tensile stress–strain properties were assessed
according to ISO 37 using dumbbell-shaped specimen
type 1 (10mm gauge length and 2mm width) at a dis-
placement rate of 200mmmin�1. The Young’s modulus
was calculated as the slope of the straight-line portion
at the initial point (between 0 and 2Nmm�2 stress) of
the stress–strain curves. Each experiment was repeated
four times. Two-way ANOVA with Bonferroni post-
test was used to show statistical significance between
the samples and controls.

Scanning electron microscopy

The surface of the POSS-PCL polymer discs treated
with the different sterilisation techniques were analysed
using SEM. The membranes were mounted on alumin-
ium pin stubs using sticky carbon taps. The mounted
samples were then coated with a thin layer of Au/Pd
(approximately 2 nm thick) using a Gatan ion beam
coater. The samples were then viewed and imaged
with a Carl Zeiss LS15 Evo HD SEM.

Gel permeation chromatography

Molecular weight averages and polymer dispersity was
determined by GPC for POSS-PCU and POSS-PCL
samples, which were treated under different sterilisation
methods. Samples were prepared to 1mg/mL concen-
tration and passed through a 0.22 mm nylon filter prior
to measurement. GPC measurements were performed
on an Agilent 1260 infinity system equipped with
2 PLgel 5 mm mixed-D columns (300� 7.5mm), a
PLgel 5mm guard column (50� 7.5mm), a differential
refractive index (DRI) and variable wavelength detec-
tor (VWD). The temperature of the columns and DRI
were maintained at 50�C. The system was eluted with
DMF containing 5mM ammonium tetrafluoroborate
at a flow rate of 1mL�min�1 and the DRI detector
was calibrated with linear poly(methyl methacrylate)
standards with narrow molecular weight distribution.
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In vitro analysis of ADSC metabolic activity
on POSS-PCL nanocomposites

Adipose tissue samples were obtained from patients
undergoing abdominoplasty procedures. All partici-
pants gave written informed consent. ADSC were iso-
lated according to the method described by Zuk et al.7

Circular discs of coagulated POSS-PCL nanocomposite
polymers sterilised in SDIC for 20min (n¼ 4), ethanol
(n¼ 4), and UV (n¼ 4) were placed in 24-well plates
and seeded with 1.5� 104 human ADSC per well.
Plates were incubated at 37�C and 5% CO2. Cells
alone served as controls. The metabolic activity of cul-
tured ADSC was quantified using AlamarBlue� viabil-
ity assay (Invitrogen, Life Technologies, Paisley, UK).
Briefly, control media was removed; the cells were rinsed
with PBS and 1mL of a 10% AlamarBlue� medium
prepared in fresh media was added to each well.
Following 3 h of incubation, AlamarBlue� fluorescent
was quantified at the respective excitation and emission
wavelength of 540 and 595 nm. Wells containing
medium and AlamarBlue� with the polymer without
cells were used as blanks. The mean fluorescent units
for the nine replicate cultures were calculated for each
exposure treatment and the mean blank value was sub-
tracted from these. Time points in this experiment were
6 h, 24 h, 72 h, and 5 days after addition of ADSC to
the well plates containing POSS-PCL disks. ADSC
seeded on tissue culture plastic (n¼ 4) served as controls.
A two-way ANOVA test was used to demonstrate any
significant difference in cell metabolic activity between
the different sterilisation methods.

Immunofluorescence: rhodamine phalloidin
and Dapi staining

To study adhesion and morphology of the ADSC on
the POSS-PCL scaffolds, immunocytochemistry stain-
ing was carried out. At 24 h, first the media was
removed from the 24-well plates and then the cells
were washed with PBS three times. Following this,
the cells were fixed with 4% (w/v) paraformaldehyde
in PBS pre warmed at 37�C and left for 10–15min.
Cells were then washed with 0.1% Tween 20 thrice,
followed by addition of 0.1% triton� 100 to improve
permeability and left for 5min. Then Rhodamine phal-
loidin dye (Molecular Probes�, Life Technologies,
Paisly, UK) was added in the ratio 1:40 (dissolved in
1ml of methanol) in PBS and left for 40min. Cells were
then washed three times and then mounted onto slides
with DAPI (Molecular Probes�, Life Technologies,
Paisly, UK) to stain the nuclei. The cells were then
visualised using a confocal microscope Zeiss LSM 710
(Zeiss, Jena, Germany). Image J software was used to
determine circularity of the cells grown on the

nanocomposite polymer scaffolds sterilised using differ-
ent sterilisation techniques.

Statistical analysis

All statistical analyses were performed using Prism
software (Graphpad Inc., La Jolla, USA). Means and
standard deviations were calculated from numerical
data. In figures, bar graphs represent means, whereas
error bars represent 1 standard deviation (SD). A p
value of� 0.05 was defined as the level of significance.
The exact statistical analysis for each data set is
described in the figure legend.

Results

Sterility testing

Sterilisation with 70% ethanol resulted in visible
deformation and shrinkage of the discs. SDIC and
UV treated discs did not show any visible deformation
(Figure 1). UV radiation was not effective in sterilising
the polymer and clouding was evident in all UV-treated
discs within 48 h of incubation. There was no clouding
of the culture media observed in ethanol and SDIC
treated samples after seven days incubation.

Water contact angle measurements

Using the captive bubble method, there was no statis-
tically significant difference in contact angle measure-
ments between any of the samples (p> 0.05) (Figure 2).

Surface chemistry analysis using
Fourier-transform infrared

Figure 3(a) shows the peak assignment in the FTIR
spectrum for unsterilised control POSS-PCL samples,
and Figure 3(b) SDIC, ethanol, and UV sterilised in
comparison to unsterilised control samples. SDIC
treatment led to a slight decrease in the peaks at
1634 cm�1 and 1557 cm�1, and an increase in the
peak at 1520 cm�1. POSS-PCL FTIR spectra were
not significantly affected by the other sterilisation
techniques.

Mechanical properties of POSS-PCL

The maximum stress, elongation at break, and Young’s
modulus of POSS-PCL nanocomposite scaffold con-
trols and after treatment with different duration
SDIC, ethanol, and UV and are shown in Figure 4.
The Young’s modulus of SDIC treated POSS-PCL
samples was not significantly different compared to
control (p¼ 0.88). UV-treated samples had a
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significantly higher Young’s modulus compared to con-
trol samples. The difference in elongation at break
between different durations of SDIC-treated samples
and unsterilised controls were not statistically signifi-
cant (p> 0.05), whereas UV and ethanol-treated sam-
ples had statistically significant lower elongations at
break compared to unsterilised control samples.

SEM

SEM image of an unsterilised sample surface
(Figure 5a) exhibits tufts and pits on the surface of
the POSS-PCL scaffold. Such tufts were lost after
using ethanol sterilisation with polymer melting and
irregular re-formation into larger and flatter ridges

(Figure 5c). SDIC treatment was associated with a
marked increase in pits (Figure 5b), whereas UV radi-
ation was associated with a pronounced increased
number of tufts (Figure 5d).

GPC

GPC results are summarised in Figure 6. The untreated
POSS-PCL was found to have a weight average
molecular weight (Mw) of 361,100 g/mol and a
number average molecular weight (Mn) of 141,000 g/
mol. Autoclaving had a significant impact on Mn and
Mw. The Mn of POSS-PCL decreased significantly by
38% (88,100 g/mol), whereas the Mw decreased by 51%
(174,600 g/mol) compared to unsterilised control
(p< 0.05). However, no significant changes (<5%) in
Mw were detected in SDIC (Mw: 350,900 g/mol), etha-
nol (Mw: 356,100 g/mol), and UV (Mw: 365,400 g/mol)
-treated samples compared to unsterilised POSS-PCL
samples. Ethaol caused a decrease of 21% in Mn,
whilst UV increased the Mn by 10% inn comparison
to unsterilised POSS-PCL.

In vitro analysis of ADSC metabolic
activity on POSS-PCL nanocomposites

AlamarBlue cell viability assay was used to determine
the metabolic activity of ADSC seeded on POSS-PCL
discs sterilised using SDIC for 10 and 20min and etha-
nol (Figure 7). The metabolic activity of ADSC was
significantly higher with TCP compared to 10min
SDIC- and ethanol-sterilised samples at five days
(p< 0.05). The same was observed with 20 minutes
SDIC sterilisation compared to ethanol at five days
(p< 0.05).
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any of the samples. One-way ANOVA and Turkey’s multiple
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Figure 1. POSS-PCL after sterilisation with SDIC, ethanol, and UV radiation in a 24-well plate. Ethanol resulted in visual deformation

of the polymer disc shape.
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Immunofluorescence: Actin and Dapi

Confocal laser scanning microscopy images indicated
that ADSC demonstrated similar morphologies when
grown on differently sterilised surfaces (Figure 8).
Cells grown on SDIC surfaces exhibited a more aligned
and elongated spindle-like character compared to cells
grown on surfaces exposed to ethanol and UV, which
demonstrated a more circular morphology. Measuring
the circularity (n¼ 36), cells on SDIC surfaces were
the least circular (0.516� 0.123), followed by UV
(0.623� 0.136), and ethanol (0.732� 0.097). This differ-
ence was only statistically significant between SDIC
and ethanol treated scaffolds (p< 0.05).

Discussion

Biodegradable polymeric scaffolds for tissue engineer-
ing must be either manufactured under sterile condi-
tions or sterilised after production. For economical
and practical reasons, the latter strategy is considered
a more realistic approach to achieve sterility.8

Nevertheless, the challenge remains to determine an
efficient and non-deformational sterilisation procedure
for biodegradable polymeric scaffolds that preserves
their structure. Sterilisation methods have the poten-
tial to cause slight to major transformations in poly-
mer chemistry and overall performance, including
shrinkage, changes in permeability, increases in pore
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statistical significance.

Figure 5. SEM images of untreated (a), SDIC- (b), ethanol- (c), and UV- (d) treated POSS-PCL at 5000� magnification. Control

samples exhibited pits and tufts on the surface, whereas 70% ethanol resulted in a loss of tufts present on the polymer surface. UV

radiation was associated with a marked increase in these tufts and SDIC treatment caused an increase in the number of pits on the

polymer surface.
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size, and changes in the surface chemistry and
charge.9–11 Analysis of polymer physicochemical prop-
erties, as well as cell proliferation and survival prior
and post sterilisation is paramount when choosing a
suitable sterilisation method. Here, we focused on the
effects of SDIC sterilisation on POSS-PCL 3D

nanocomposite scaffolds. Several other methods such
as autoclaving, ethanol, and UV radiation were also
tested. Unlike irradiation and ethylene oxide gas, UV,
ethanol, and SDIC sterilisation methods are cheap
and readily available. In addition, irradiation can gen-
erate free radicals in the polymer, causing surface oxi-
dation and subsequent degradation due to chain
scission and cross-linking with increasing dosages of
radiation.12 Ethylene oxide gas can leave residual
ethylene oxide gas within the bulk of the sterilised
material and cause accelerated degradation of the
polymer.13 However, the efficacy of sterilisation meth-
ods such as gamma irradiation and ethylene oxide gas
should be evaluated before proceeding to clinical
application of POSS-PCL nanocomposite scaffolds.

Sterilisation with moist heat in an autoclave is usu-
ally performed at temperatures equal to or higher than
121�C; dry heat sterilisation requires considerably
higher temperatures to effectively inactivate bacterial
spores. The susceptibility of bioresorbable implants to
hydrolysis and their deformation at higher tempera-
tures therefore precludes the use of these sterilisation
methods. Extensive deformation of POSS-PCL asso-
ciated with autoclaving has been previously
described.14 It is likely that the aliphatic hard segment
of the POSS-PCL loses its structural integrity on expos-
ure to high temperatures. Similar effects were observed
in this study, and the result of which was that further
investigation of the autoclaved POSS-PCL samples was
not possible. Moreover, our chromatography results
showed that autoclaving, among the sterilisation meth-
ods used, was associated with a significant change in the
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(p< 0.05). The same was observed with 20 min SDIC sterilisation

compared to ethanol at five days (p< 0.05). Two-way ANOVA

and Turkey’s multiple comparisons tests were used to show

statistical significance.
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molecular weight distribution of the POSS-PCL
scaffolds.

UV light was first described as bactericidal in the
nineteenth century. UV wavelengths of around
250 nm were subsequently discovered to be most effect-
ive for inactivation of bacteria. In the UV spectrum, the
higher ultraviolet part of the electromagnetic spectrum
is ionising, whereas the lower part is non-ionising. The
mid and lower ultraviolet electromagnetic spectra are
damaging to biological tissues, such as bacteria, as a
result of electronic excitation in molecules which falls
short of ionisation, but produces similar effects. When
polymers are exposed to UV light, depending on the
level of the chosen power, chemical (photo-crosslink-
ing, photo-oxidation, or photochemical reactions in
reactive atmosphere) or physical (surface morphology)
changes can occur. The extent of reaction also depends
on the reactants and on the absorption coefficient, that
is, photon absorption as a function of photon penetra-
tion depth.15 These properties of UV radiation can be
used to intentionally modify polymer surfaces,16

although our aim in this study was to sterilise POSS-
PCL with the least amount of chemical and physical
modification. Reports in the literature have shown
that UV radiation can generate surface deleterious
effects on PLGA scaffolds, including surface structure
degradation,17 reduced release rate of immobilised
growth factors,17 and patterned holes in the range of
100 mm.18 Despite previous reports showing a reduction
in average molecular weight of polymer scaffolds after
UV sterilisation,19 our results showed only a slight
change in the Mn (10% increase) of POSS-PCL. We
did not observe any macroscopical structural changes,
and changes in surface chemistry and energy after UV
sterilisation. Nonetheless, our SEM results showed that
UV exposure was associated with an increased number
of tufts on the POSS-PCL surface. In addition, UV
radiation resulted in significant deterioration of the
mechanical properties of the polymer. At the dose
and exposure time applied, UV was not effective in pre-
venting contamination of POSS-PCL. Hence, we do

not deem this method to be a suitable sterilisation tech-
nique for POSS-PCL scaffolds.

Although ethanol at 60–80%, due to its inability to
destroy hydrophilic viruses or bacterial spores, is con-
sidered to be better suited to disinfection rather than
sterilisation,20 in our study chemical sterilisation with
ethanol was effective in preventing contamination.
Also, 70% ethanol was not associated with any signifi-
cant changes in surface chemistry or energy. It did,
however, cause visible deformation of the POSS-PCL
3D structure. This result was contradictory to a previ-
ous study showing no changes to POSS-PCL macro-
structure after two 15min intervals of 70% ethanol
exposure.21 We believe that this may be due to the
fact that we exposed POSS-PCL scaffolds to a continu-
ous 30-min treatment of 70% ethanol. GPC results
showed that ethanol sterilisation was associated with
a 21% decrease in the Mn of POSS-PCL.
Microscopically, ethanol reduced the number of tufts
on POSS-PCL scaffolds. It also caused significant
deterioration in the mechanical properties of the nano-
composite polymer scaffolds. Ethanol sterilisation has
been reported to cause wrinkling of PLGA scaffolds,
generating both a localised large reduction in diameter
and localised increases in their thickness.19

The use of SDIC prevented contamination of the
samples and was not associated with any significant
changes in mechanical properties or any visual deform-
ation of the polymer. Although longstanding polymer
exposure to bleach has been associated with increased
hydrophobicity,22 we did not observe any significant
changes in surface wettability of POSS-PCL scaffolds
in spite of SDIC treatments of up to 1-h duration.
Bleach has been shown to increase roughness and por-
osity of polymeric scaffolds.22 In this study, we
observed similar submicron changes to POSS-PCL
scaffold structure, mainly an increase in the number
of pits. In contrast to ethanol and UV, SDIC sterilisa-
tion showed no significant changes (<5%) in the Mw
and Mn of POSS-PCL compared to unsterilised con-
trols. FTIR spectra of SDIC-sterilised samples showed

Figure 8. Confocal images of actin and Dapi-stained ADSC on SDIC- (a), UV- (b), and ethanol- (c) sterilised POSS-PCL scaffolds

demonstrating the morphology of these cells.
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slight changes in the surface chemistry of the scaf-
folds; mainly due to hydrolysis. A World Health
Organization (WHO) report on the toxicology of chlor-
ine-containing compounds has been extensively
reviewed based on currently available risk assessments.
For the identified residues of disinfectants and by-
products, the estimated exposures did not raise toxico-
logical concerns.23

Conclusion

Despite the minor microscopic changes in POSS-PCL
scaffolds, SDIC was effective in sterilising the POSS-
PCL scaffolds and supported the growth and prolifer-
ation of ADSC. In addition, although minor changes in
surface chemistry were observed, the mechanical prop-
erties of the POSS-PCL scaffolds were not affected.
Therefore, we consider 20-min SDIC sterilisation as a
valuable alternative to the conventional methods and a
suitable sterilisation technique for clinical application
of biodegradable polymers.
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