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Polycaprolactone Macromonomers

D. W. Johnson,’ C. R. Langford®®, M. P. Didsbury?, B. Lipp®, S. A. Przyborski® and N. R.

The emulsion templating process offers a route to highly porous polymers with well-defined morphologies. This study

describes the preparation of such porous polymers (polyHIPEs) via the photopolymerization of a multi-functional thiol and

polycaprolactone macromonomer. The resulting materials have nominal porosities of 90% and 95%, and are seen to have

an interconnected pore morphology, with an average pore diameter of approximately 60 um. Initial biocompatibility

assessments with fibroblast cells (L929) have shown that the polymers are capable of supporting cell growth over 7 days

and degradation products are non-toxic to cells up to a concentration of 0.1 mg mi™.

Introduction

Highly porous polymeric materials with well-defined
morphology can be prepared by the emulsion templating
process, whereby the continuous phase of a high internal
phase emulsion (HIPE) is solidified’. With this method the
internal droplet phase templates the pores, and hence, the
porosity is defined by the internal volume phase fraction (¢).
Upon polymerization, the continuous phase of the HIPE
contracts allowing the droplets to connect with neighbouring
droplets. This results in a fully interconnected, low density
polymer foam, referred to as a polyHIPE. PolyHIPE polymers
have been prepared from a wide range of chemistries, notably
styrenez’ (meth)acrylatess's,
polysaccharides9 and nobornenesw, and have found a wide
range of applicationsn'16
produced from styrene with a divinylbenzene comonomer via

. . . 4, 5
and its derivatives ;

Most commonly, polyHIPEs are

a thermally induced free radical polymerization. PolyHIPEs
fabricated in this way have found application as scaffolds for 3-
dimensional cell culture in the form of Alvetex®". However,
these scaffolds are limited in their range of applications as
they are non-biodegradable, and are thus unsuitable for in vivo
applications. As a result, there is great interest in producing
polyHIPE polymers that are fully degradable. There are two
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approaches that have been explored in order to produce
biodegradable polyHIPEs: the first is the use of biodegradable
macromers such as poly(e—caprolactone)18 (PCL) and poly(lactic
at:id)19 (PLA); the second is to crosslink the polymers in such a
way that can be degraded, using chemistries including thiol-
ene “click” chemistry7.

Degradable polyHIPE materials can be prepared from thiol and
acrylate monomers via photoinitiated thiol-ene “click”
chemistry7. Although the thermal curing of thiol-ene polyHIPE
materials has also been describedzo, the rapid cure times
associated with photocuring offers a distinct advantage as it
allows polyHIPE materials to be obtained from monomers
which  produce highly unstable emulsions, such as
multifunctional thiols. Such materials can be produced with
nominal porosities up to 90% and are inherently biodegradable
due to their aliphatic ester crosslinks™®. Evaluation of these
materials as scaffolds for tissue engineering has shown
promise as the materials are capable of supporting the growth
of keratinocytes over a culture period of 11 daysle.

Partially degradable styrene-based polyHIPE polymers have
previously been prepared via thermally initiated free radical
polymerization with up to 50 wt% of the total organic phase
replaced by PCL-diacrylate macromonomers™® % Polymer
foams with nominal porosity up to 90% were obtained,
however increasing the total PCL content above 40% inhibited
the formation of a HIPE due to inefficient mixing of the highly
viscous organic phase. Initial cell culture studies indicated that
such styrene/PCL scaffolds are sufficiently biocompatible to
support the growth of human fibroblasts for a period of 2.5
days. The polyHIPEs were observed to have large void
diameters, indicating the PCL-containing HIPEs experience
greater instability than other styrene-based polyHIPE systems.
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In an attempt to increase the material’s suitability for tissue
engineering applications, the styrene comonomer was
replaced with methyl methacrylate (MMA). Poly(methyl
methacrylate) (PMMA) is an accepted biomaterial commonly
used as bone cement in hip replacement surgery. As with
styrene/PCL polyHIPEs, the upper limit of PCL content was 40
wt% before organic phase viscosity became too great. The
HIPEs were also observed to display reduced stability than
their styrene-containing counterparts, limiting the porosity to
84% and resulting in materials that appear to have undergone
emulsion collapse during the curing process.

In this paper we describe the synthesis of thiol-ene polyHIPEs
from PCL-triacrylate (PCL-TA) and a trithiol,
trimethylolpropane tris(3-mercaptopropionate), via a
photoinitiated thiol-acrylate “click” reaction. Replacing the
comonomer with a thiol results in a fully degradable material
which is capable of supporting the growth of murine
fibroblasts (L929s) over a culture period of up to 7 days.

Experimental Section

Materials

Polycaprolactonetriol (PCL-triol) (900 Da), trimethylolpropane
tris(3-mercaptopropionate) (trithiol),  trimethylolpropane
triacrylate (TMPTA), acryloyl chloride, and dipentaerythritol
penta/hexa-acrylate (DPEHA), the photo initiator (a blend of
diphenyl(2,4,6-trimethylbenzoyl)phosphine oxide/2-hydroxy-2-
methylpropiophenone), dichloroethane, and Hyflo® filter aid
were obtained from Sigma Aldrich and used as supplied. The
surfactant Hypermer B246, obtained from Croda, is a triblock
copolymer of polyhydroxystearic acid and polyethylene glycol
and was used as supplied. Alvetex® 3D cell culture scaffolds
were obtained from Reinnervate Ltd. Histoclear® and
VectorShield®
Deuteroxide, deuterated chloroform and sodium deuteroxide
(1 M in D,0) were purchased from Apollo Scientific.

were obtained from Fisher Scientific.

Instrumentation

Scanning electron microscopy. SEM images were obtained
using a Philips/FEI XL30 SEM operating at 20 kV. Samples of
fractured polyHIPEs were mounted on carbon fibre pads
attached to aluminium stubs and coated with gold using an
Edwards Pirani 502 sputter coater.

Fluorescence microscopy. Fluorescence microscopy was
carried out using a Leica DMI3000 B inverted microscope.

FT-IR. FT-IR spectra were obtained using a Perkin Elmer 1600
Series FT-IR spectrometer fitted with a Golden Gate ATR
element.

MALDI-TOF. MALDI-TOF mass spectra were obtained using a
Bruker Autoflex Il ToF/ToF mass spectrometer. Mass spectra
were analysed using the software MestReNova 6 by MESTRE-
LAB RESEARCH.

2| J. Name., 2012, 00, 1-3

Synthetic Procedures

Synthesis of PCL-Triacrylate. Preparation of polycaprolactone
triacrylate (PCL-TA) followed a modified version of an earlier
procedurels. Briefly, PCL-triol (20.0 g, 900 Da, 0.022 mol) was
dissolved in anhydrous dichloromethane (100 mL) with
triethylamine (15.17 g, 0.15 mol) under a flow of nitrogen and
cooled to 0 °C in an ice bath. To this, acryloyl chloride (22.33
g, 0.25 mol), dissolved in 60 mL of DCM and cooled to 0 °C,
was added dropwise with vigorous stirring. The PCL solution
turned a deep orange colour, and was allowed to warm to
room temperature (18h). The solution was observed to
contain solid, triethylamine hydrochloride, which was removed
by filtering over Hyflo® celite. The filtrate was then
concentrated by rotary evaporation. The solution was
extracted with KOH(, (3%w) until the washings were
colourless and then the HClq (1%v) until the washings were
colourless. During the extraction process a thick, cream-like
emulsion formed which was very slow to separate. To aid
separation the emulsion was centrifuged (8000 rpm, 60-
180min). The extracted organic phase was then dried over
magnesium sulphate, filtered, and the DCM removed by rotary
evaporation. This yielded a waxy yellow solid which was then
further dried on a high vacuum line. The final product was
obtained in 84% yield and stored at -4 °C. MALDI-tof MS, m/z
(Da) = 774, 888, 1003, 1117, 1231, 1345, 1460, 1574, 1689,
1803, 1916 [(M), + Na]".

PCL-TA PolyHIPE Preparation. The procedure was based on
the earlier work of Lovelady et ar’. Trithiol, PCL-TA (Figure 1),
1,2-dicholoroethane (DCE), surfactant Hypermer B246 and the
photoinitiator were combined to form an oil phase in a two
necked round bottom flask wrapped in aluminium foil to
exclude light. An initial test determined that a DCE content of
2 mL gave an oil phase with a suitable viscosity (free flowing at
a stirrer speed of 300 rpm), however the precise volume of
DCE had to be varied between batches. Best results were
achieved by adding additional DCE once the organic phase was
mixed until the solution was free flowing. Once this was
achieved the volume of the organic phase was then measured
with a measuring cylinder.

The oil phase was stirred continuously with a rectangular (2
5mm x 30 mm) polytetrafluoroethylene stirrer attached to an
overhead stirrer. An aqueous phase of deionised water was
added drop wise to form a HIPE. Once the aqueous phase was
added the HIPE was allowed to stir for a further minute. The
formulations are detailed in Table 1.

This journal is © The Royal Society of Chemistry 20xx
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Table 1: PCL-TA polyHIPE formulations

Sample PCL-TA | Thiol | DCE | Hypermer | Initiator Volume? Water Taqh Porosity® | <D>sem” | <D>em”
(g) (g) | (mlL) (g) (g) (mL) (mL) (%) (1m) (nm)
PCL-TA 90 2.0 0.64 4 0.27 0.4 6.9 62 Ambient 90 54 68
PCL-TA 95 1.0 0.31 2.2 0.14 0.2 4.5 86 Ambient 95 41 62
PCL-TA 2.0 0.65 4.5 0.31 0.4 7.2 65 40°C 90 N/A 82
a0c’

(a) Total measured organic phase volume, (b) temperature of the water (droplet) phase, (c) nominal porosity, (d) average void diameter by SEM, (e)

average void diameter by FM, (f) aqueous phase heated to 40°C .
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Figure 1: Schematic of crosslinkers used in polyHIPE formation

The HIPE was then transferred to a 1 mm deep square-shaped
mould mounted on a glass plate. The mould with then closed
with a second glass plate and passed under a UV irradiator
(Fusion UV Systems Inc. Light Hammer® 6 variable power UV
curing system with LC6E bench top conveyor) six times on each
side of the emulsion. The resulting monolithic sheet was then
carefully removed and immersed in an ethanol bath for 48 h
(with four ethanol changes), then in chloroform 24 h, then in
ethanol 24 h, before transferring and storing in deionized
water.

Samples were then either dried by freeze drying thin sections
(<1 mm in at least one dimension) or otherwise used without
further purification.

Hexa-Acrylate and Triacrylate PolyHIPE Preparation. For
comparison two biodegradable polyHIPEs reported by Caldwell
et al. based on a hexa-functional acrylate (DPEHA) and a
second on a trifunctional acrylate (TMPTA) were also produced
according to the previously published procedurels. The
nominal porosity in each case was 85%.

PolyHIPE Morphology

Scanning electron microscopy. Samples were mounted on
carbon fibre pads attached to aluminum stubs and coated with
gold using an Edwards Pirani 502 sputter coater. Where
possible, the image analysis software Image J was used to
calculate the average void diameter. 130 voids were measured
in a random walk of connecting voids across the scanning
electron microscopy (SEM) image of the sample and the
diameters measured. Void diameters measured in this way

This journal is © The Royal Society of Chemistry 20xx

underestimate the true value as the voids are unlikely to be
exactly bisected. Therefore a statistical correction factor was
used to account for this underestimate®’.

Optical microscopy. Cross section samples of polyHIPE were
dehydrated through alcohol, then transferred into Histoclear®
for 15 minutes, after which an equal volume of molten wax (60
°C) was added and the sample left for a further 15 minutes
before being transferred to molten wax and incubated (60 °C,
60 min). The sample was then removed and mounted in wax
in a histology cartridge. After hardening, the sample was
sectioned using a microtome (10-20 um thick). These samples
were then mounted on a glass microscope slide from a section
bath. The wax was then removed by Histoclear® (3 min), and
the sections hydrated through water-ethanol mixtures
including 100%, 95%, 90%, 70%, 50%, 30%, 10%v ethanol (1
minute in each) and finally distilled water for 2 minutes. The
section was then mounted with VectorShield® and the
coverslip held in place using nail varnish. Samples were then
imaged by fluorescence microscopy and the images analyzed
in the same manner as SEM images.

Cell Culture

Culture of L929 Fibroblasts. Unless otherwise stated all cells
were cultured in DMEM media supplemented per 500 mL of
media with 10% horse serum, 5 mL L-glutamine, and pen-step
antibiotic. The polyHIPEs were used engorged with water to
prevent their collapse from drying as detailed in the polyHIPE
section. For each scaffold, a disc ($ 20 mm x 1 mm) was cut
using a coring device. A thin layer of the planar surfaces of
each disc was carefully shaved off using a razor blade to
expose the bulk porous structure beneath. The discs were
then mounted in a well insert and inserted into a 6 well plate.
Seven discs for each polyHIPE were prepared alongside an
additional 4 discs of Alvetex® control scaffolds.

The scaffolds were then sterilized in 70 vol % ethanol (18 h).
The ethanol was then removed and the scaffolds immersed in
PBS buffer over 24h with three changes of buffer in that time,
the scaffolds being kept covered in a sterile class two cell
culture hood. At no point was the scaffold allowed to dry.

J. Name., 2013, 00, 1-3 | 3
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A 100 pL suspension of L929 fibroblasts in DMEM (passage
151; 500,000 cells per 100 pL) was placed on each scaffold and
left for 15 minutes in an incubator (37.5 °C, 5.0 %CO,) to allow
cell attachment as per the manufacturer’s recommendations
After incubation 6 mL of DMEM was then placed
in each well and the cells returned to the incubator for 3 and 7
days with medium changes every two days or as required.

for Alvetex®.

MTT Assay. For each scaffold type an MTT assay was carried
out at 3 and 7 days with three repeats for each scaffold.
Briefly the scaffolds were removed from the cell inserts and
washed with PBS (37.5 °C) and then transferred to a clean well
with 1 mL MTT reagent, 3-(4,5-dimethylthiazoyl-2-yl)-2,5-
diphenyltetrazolium bromide (1 mg.mL'1 in phenol red-free
DMEM, 37.5 °C) and incubated for 1 hour under darkness. The
excess MTT solution was then removed and the scaffolds
rinsed with PBS, and then washed with acidified isopropanol (1
mL) on a plate stirrer (100 rpm, 10 minutes). 20 pL of each
solution was then transferred to a 96 well plate and diluted
with 180 uL of isopropanol.
spectrophotometer plate reader and the absorbance recorded
at 570 nm.

The plate was then placed in a

Histology. For histology, 7 day cultured scaffolds were washed
three times with PBS (3 mL) and fixed using para-formaldehyde
solution (4% in PBS, 24h, 4 °C). The fixed scaffolds were then
washed with PBS and dehydrated through 50%, 70%, 80%,
90%, 95% and 100% ethanol with 60 minutes in each solution.
The ethanol was then removed and each scaffold was placed in
3 mL of Histoclear for 15 minutes, after which approx. 3 mL of
molten paraffin wax was added (60 °C) and the solution
allowed to stand for 15 minutes. The Histoclear solution was
then removed and replaced with molten wax (60 °C) and
The scaffold was then
bisected with scissors and transferred to a plastic embedding

incubated for at least 60 minutes.

mould, mounting the scaffold such that sectioning would
The wax
blocks were then allowed to harden over 18h before then
microtoming the sections to (10-20 um).
then transferred to a slide bath and mounted on a microscope
slide. The slides were then dried overnight.

To stain, the slides were deparaffinised in Histoclear for 5

result in visualisation of the scaffold cross section.

The sections were

minutes before being transferred to 100% ethanol. The slides
were rehydrated through 95%, 70%, 50%, 30%, 10% ethanol
and distilled water for 1 minute each time. The sections were
stained in Mayer’s Haematoxylin solution for 5 minutes and
washed in distilled water. The nuclei were stained blue with
alkaline alcohol (ammonia: 70% ethanol, 3: 97) and
dehydrated in 70% and 90% ethanol leaving for 30 seconds
each time. The slides were then stained in Eosin (30 seconds)
and further dehydrated in 95% and 100% ethanol. The slides
were then placed twice in Histoclear® for 3 minutes before
being mounted with DPX. All staining was done ‘on the flat’ i.e.
the microscope slides were placed flat on a surface and the
aforementioned solutions carefully placed on to the slides
surface, this prevented the scaffold from being washed off the

4| J. Name., 2012, 00, 1-3

microscope slide. Sections were then mounted with DPX and
viewed using a light microscope.

Degradation of PolyHIPEs. Product degradation was achieved
by adding 50 mg of polyHIPE to 10 mL of 0.01 M NaOHq
solution in @ 20 mL sealed microwave reaction vessel. The
sample was then placed in a microwave synthesiser and
heated to 120 °C for 24h. The resulting solutions were then
used in toxicity assays.

For analysis, 25 mg of polyHIPE was added to 5 mL of 0.01 M
NaOD (in deuterium oxide), decomposed by microwave
irradiation and analysed by NMR spectroscopy.

Toxicity Assays. The materials to be tested were diluted into
DMEM to a concentration of 0.1 mg/mL and then serially
diluted with DMEM to give a range of concentration between
10" and 10® mg/mL. This resulted in media containing the
degradation products and sodium hydroxide. Test solutions
included: the polyHIPE degradation products of PCL-TA-90
polyHIPE, DPEHA polyHIPE, TMPTA polyHIPE, the degradation
product of PCL (900 Da) and Triton X-100 (positive control). In
addition to this, DMEM containing an equivalent quantity of
sodium hydroxide to the degradation solutions was tested, in
order to discriminate between the effects of sodium hydroxide
and the degradation products.

The toxicity of the degradation products was studied in the
following way. Briefly, mouse fibroblast cells (L929, passage
114) were grown to confluence in a 48 well plate. The media
was then removed, the cells washed with PBS, and then
exposed to the solutions of degradation products for 24h (5%
CO,, 37.5 °C). The cell viability was then tested by MTT assay
and live dead cell counts using a haemocytometer and trypan
blue stain.

Preparation of PCL-TA PolyHIPEs for Microscopy After Cell
Culture. Cross section samples of polyHIPE were dehydrated
through alcohol, then transferred into Histoclear® for 15
minutes, after which an equal volume of molten wax (60 °C)
was added and the sample left for a further 15 minutes before
being transferred to molten wax and incubated (60 °C, 60
min). The sample was then removed and mounted in wax in a
histology cartridge. After hardening, the sample was sectioned
using a microtome (10-20 um thick). These samples were then
mounted on a glass microscope slide from a section bath. The
wax was then removed by Histoclear® (3 min), and the
sections hydrated through water-ethanol mixtures including
100%, 95%, 90%, 70%, 50%, 30%, 10%v ethanol (1 minute in
each) and finally distilled water for 2 minutes. The section was
then mounted with VectorShield® and the coverslip held in
place using nail varnish. Samples were then imaged by
fluorescence microscopy and the images analyzed in the same
manner as SEM images.

This journal is © The Royal Society of Chemistry 20xx
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Results and Discussion
PCL-TA PolyHIPE Preparation

In forming a polyHIPE it is clear that a stable structure will be
dependent on efficient crosslinking. It is also clear that a high
crosslink density will slow the rate of biodegradation, as large
numbers of bonds must be cleaved to break down the
network. Previous attempts to crosslink biodegradable
scaffolds from PCL have encountered the problem of low
functional group density. That is to say, the number of
acrylate-bearing PCL chain ends is low relative to the number
of crosslinking vinyl bonds. As Busby et al. observed, the
crosslinker has a tendency to react preferentially with itself
thereby limiting the number of crosslinked PCL chains®®. To
overcome this we have prepared a PCL triacrylate (PCL-TA)
crosslinker using a literature procedure18 from commercially
available PCL triol and acryloyl choride. The structure of the
product was confirmed by NMR spectroscopy and MALDI-tof
mass spectrometry. Detailed analysis of the NMR spectra
revealed that the extent of acrylation was 84%. The number of
caprolactone units in the PCL triol and in PCL-TA was found to
be between 6 and 7, by both H NMR spectroscopy and mass
spectrometry.

The thiol-ene crosslinking reaction proceeds via a step growth
mechanism, due to the inability of the thiol crosslinker to
homopolymerise7. This overcomes the problems encountered
by Busby et al.™® in which the vinyl crosslinker tended to
homopolymerize and exclude PCL chain ends, leading to a
largely non-degradable material. The acrylate groups are able
both to homopolymerise via radical chain growth and to
participate in a radical thiol-ene reaction. Previous work has
revealed that an initial 1:1 ratio of thiols to acrylates leads to a
residual excess of thiols in the polymerised material.
Consequently, we decided to use a 0.9 mole equivalent of thiol
relative to acrylate to prevent the thiol from being in excess of
the acrylate. A system in which the thiol is in excess would
lead to incomplete network formation as the PCL-TA chain
ends would become entirely consumed. By contrast, acrylate
chain ends in excess are able to homo-polymerize by radical

This journal is © The Royal Society of Chemistry 20xx

ARTICLE

chain growth and therefore are still able to participate in
network formation (Figure 2). A further important parameter
appears to be emulsion viscosity, which was modified using
DCE. Too little DCE resulted in an extremely thick paste-like
HIPE in which it was difficult to incorporate water, however
too much DCE led to a polyHIPE which was weak and prone to
collapse.

Acrylate groups

Trithiol crosslinker

M,
Y }5 ;

vwww PCL

Thiol-ene
crosslink

Acrylate-Acrylate
coupling

°§’o )
(0] PCL H
AP g o Lo
S (o] PCL PCL
o o o o
O
S
o
PCL

Figure 2: Schematic of the crosslinked network showing a mixture of chain and step
growth polymerization products.

The resulting polyHIPEs were found to be elastic and collapsed
upon drying under vacuum; whilst porosity could be observed
in the material, it was evidently the result of a collapsed
porous structure. Freeze drying thin sections of the polyHIPE
did allow the open porous network to be observed (Figure 3).
However, the polyHIPE was subject to buckling and contraction
during drying.

J. Name., 2013, 00,1-3 | 5
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Figure 3: SEM and FM micrographs of PCL-TA polyHIPEs. (A) SEM of PCL-TA-90 scale bar 500um, (B) SEM of PCL-TA-90 scale bar 200um, (C) FM of PCL-TA-90 scale bar 200um, (D)
SEM of PCL-TA-40C scale bar 500um, (E) SEM of PCL-TA-40C scale bar 200um, (F) FM of PCL-TA-40C scale bar 500um, (G) SEM of PCL-TA-95 scale bar 500um, (H) SEM of PCL-TA-

95C scale bar 200um, (1) FM of PCL-TA-95C scale bar 500um

It was realised that the polyHIPEs could maintain their
structure provided they were not dried, the liquid-filled pores
providing structural support. As a result the polymers were
embedded in wax for sectioning and mounted wet (in
VectorShield®) under a glass coverslip. The polymer auto-
fluorescence was then exploited to image the cross section
and obtain an average void diameter. Where sufficient
numbers of voids were visible in the SEM micrograph a
comparison between the average void diameter from SEM and

Frequency
40

 PCL-TA 40C
35 J § = PCL-TA 90
30 - = PCL-TA 95

Void size (um)

Figure 4: Corrected void size histogram based on measurement of 130 voids by FM

6 | J. Name., 2012, 00, 1-3

fluorescence microscopy (FM) was made (table 1). Values
from SEM and FM were found to be approximately the same,
but the FM images were always more consistent and showed
no evidence of collapsed structure.

The distribution of void diameters was wide in all cases, but
within the range which has previously been used for cell
culture. In common with earlier work we observe that heating
the droplet phase (40 °C) increases both the average void size

and distribution® * (Table 1, figure 4).

Cell Culture

Cell culture experiments with L929 cells showed that cells
readily penetrated into and migrated through the structure as
would be required for 3D cell growth (Figure 5, 6). The slight
decrease in cell viability seen between days 3 and 7 for the
Alvetex® control is likely to be due to the high cell seeding
density (500,000 cells). The Alvetex® product being a thinner
section is likely to reach cell confluence at an earlier time
point. High seeding densities were used due to the large
thickness of the PCL-TA polyHIPEs.

This journal is © The Royal Society of Chemistry 20xx
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Figure 5: MTT assay of L929 cultured cells on PCL-TA scaffolds vs an Alvetex® control.

ARTICLE

prepared, as was a cell membrane disrupting surfactant (Triton
X-100) as a positive control.

Figure 6: 7 day time point micrographs of H&E stained sections of scaffold grown
L929 cultures: (A) PCL-TA-40C scale bar 200 pum, (B) PCL-TA-40C scale bar 100
um, (C) PCL-TA-90 scale bar 200 um, (D) PCL-TA-90 scale bar 100 um, (E) PCL-TA-
95 scale bar 200 pm, (F) PCL-TA-40C scale bar 100 pm

Acrylate Decomposition products
HO
o] 0] o]
: Ho OH PN
PCL-TA Hot s~ g~y o OH
HO. HO HO.
o] o]
HO OH HO O OH
DPEHA Hotso~ g~ gy
OH OH
HO.
[e] o
TMPTA HO OH
HOJK/\S/\)LOH

Figure 7: Proposed ultimate degradation products of PCL-TA scaffolds and previously
reported DPEHA and TMPTA scaffolds.

Results indicate that up to a concentration of 0.1 mg.mL'1 the
degradation products do not cause significant cell death
relative to control. This compares favourably with the
degradation products of other biodegradable scaffolds DPEHA
and TMPTA, as well as PCL (figure 8 and 9). By contrast, the
Triton X-100 positive control sees a large drop in cell viability
at 10 mg/mL before reaching near zero cell viability at 10"
mg.mL’l. The spike in the MTT absorbance in the presence of
Triton X-100 at 10 mg.mL’1 should be interpreted as the onset
of apoptosis. Tests at higher concentrations were limited by
the foul odour of the degraded scaffold solution (presence of
sulphur compounds) and the apparent acidity of the
decomposition products of PCL-TA, DPEHA, TMPTA.
Specifically, at 1 mg.mL’1 the media became too foul-smelling
to place in the incubator and at 10 mg.mL'1 the phenol red
indicator in DMEM was observed to change colour from red to
yellow indicating pH <6.8.

Degradation of PCL-TA PolyHIPEs

The degradability of scaffolds was demonstrated by heating in
0.01 M NaOH(,q to hydrolyse the ester bonds within the
network which would reasonably be expected to be the
pathway for any biodegradation of the scaffold either in vivo
or in vitro. Analysis of the degradation products gave '"H NMR
spectra which were consistent with the hypothesised ultimate
degradation products (figure 7). Similarly the degradation
products of DPEHA and TMPTA scaffolds were also found to be
consistent with their proposed hydrolysis products and these
were tested alongside the PCL-TA products. For comparison
PCL was also degraded in the same manner. In addition
sodium hydroxide DMEM solutions (to the same concentration
of sodium hydroxide in the degradation solutions) were also

This journal is © The Royal Society of Chemistry 20xx
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Figure 8: MTT assay of 2D L929 cultures after 24h exposure to media dosed with
degradation products from PCLA-TA 90, DPEHA, TMPTA polyHIPEs. Also Triton X-
100 surfactant, PCL degradation products and a sodium hydroxide control are
shown.
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Figure 9: Live-dead cell count by the trypan blue haemocytometer method of L929
cultures after 24h exposure to PCLA-TA-90, DPEHA, TMPTA polyHIPE degradation
products. Also shown are PCL degradation products and a sodium hydroxide control.
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Conclusions

PCL-triol was end-functionalized with acryloyl chloride to
create a macro cross-linker. This was then used to prepare a
polyHIPE by photochemical radical reaction with a trithiol co-
monomer. The resulting structures were shown to be
macroporous and suitable for cell culture. The material’s
elasticity meant that the scaffold was prepared and stored
engorged with liquid to prevent collapse. When applied to the
in vitro culture of L929 cells the scaffold was found to be
biocompatible and compared favourably with the commercial
product Alvetex®. The scaffold was found to readily hydrolyse
in NaOH,q). The degradation products were found to be non-
cytotoxic up to a concentration of 0.1mg.mL'1 in media, again
comparing well with other degradable scaffolds.
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