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Abstract
Finding an ideal biomaterial with the proper mechanical properties and biocompatibility has been
of intense focus in the field of soft tissue engineering. This paper reports on the synthesis and
characterization of a novel crosslinked urethane-doped polyester elastomer (CUPOMC), which
was synthesized by reacting a previously developed photocrosslinkable poly (octamethylene
maleate citrate) (POMC) prepolymers (pre-POMC) with 1,6-hexamethylene diisocyanate (HDI)
followed by thermo- or photo-crosslinking polymerization. The mechanical properties of the
CUPOMCs can be tuned by controlling the molar ratios of pre-POMC monomers, and the ratio
between the prepolymer and HDI. CUPOMCs can be crosslinked into a 3D network through
polycondensation or free radical polymerization reactions. The tensile strength and elongation at
break of CUPOMC synthesized under the known conditions range from 0.73±0.12MPa to
10.91±0.64MPa and from 72.91±9.09% to 300.41±21.99% respectively. Preliminary
biocompatibility tests demonstrated that CUPOMCs support cell adhesion and proliferation.
Unlike the pre-polymers of other crosslinked elastomers, CUPOMC pre-polymers possess great
processability demonstrated by scaffold fabrication via a thermally induced phase separation
method. The dual crosslinking methods for CUPOMC pre-polymers should enhance the versatile
processability of the CUPOMC used in various conditions. Development of CUPOMC should
expand the choices of available biodegradable elastomers for various biomedical applications such
as soft tissue engineering.
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1. INTRODUCTION
Finding an ideal biomaterial is one of the major goals in the field of tissue engineering.
Many of the native tissues in the human body have elastomeric properties. Thus, the
biomaterials selected to repair these tissues should have similar elastic properties in order to
sustain and recover from multiple deformations without causing irritation to the surrounding
tissues (Wang, 2002). It has been proven that mechanical stimuli can enhance cellular
growth, alignment, and extracellular matrix production. Previous research has also shown
that the appropriate mechanical constraints can help yield both fibril alignment and the
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geometry of a native heart valve (Neidert & Tranquillo, 2006; Robinson, 2008). Moreover,
the addition of mechanical stimuli has also been shown to have an influence on the stem cell
differentiation (Engelmayr, 2006; Zhao, 2009). Mechanical mismatch between host blood
vessels and vascular grafts may contribute to the development of myointimal hyperplasia, a
major reason for graft failure (Yang, 2005). Therefore, a suitable biomaterial for soft tissue
engineering should have the appropriate mechanical properties similar to the target tissue,
and be capable of transmitting mechanical stimulus to the seeded cells.

Recently, many researchers have focused their work on the development of biodegradable
polyester and polyurethane elastomers for soft tissue engineering. Biodegradable
polyurethanes (BPUs) are a family of elastomers, which have been used in a wide variety of
biomedical applications due to their good mechanical properties (up to 29 MPa tensile
strength) and elasticity (up to 895% elongation) (Guan, 2002, 2004; Guan & Wagner, 2005;
Guelcher, 2008; Zhang, 2008). However, due to their aliphatic nature BPUs are susceptible
to permanent creep under cyclic mechanical loading. Therefore, the potential long-term
success of polyurethanes as scaffold materials for dynamic tissues like blood vessels and
ligament is still questionable (Dey, 2008).

Elastomeric polyesters are another family of polymers that have attracted interest due to the
appropriate biodegradability, biocompatibility, and elasticity for various biomedical
applications (Webb, 2004; Yang, 2009). Thereof, crosslinked polyester elastomers have
attracted much attention recently due to their excellent elasticity without permanent
deformation under cyclic deformation such as poly (glycerol sebacate) (PGS) and poly
(octamethylene citrate) (POC) (Wang, 2002; Yang, 2004, 2006; Chen, 2008). PGS and POC
have shown excellent biocompatibility in vitro and in vivo. The crosslinking nature of PGS
and POC also confer excellent elasticity to these polymers. However, the mechanical
strength of PGS and POC are still relatively weak which range from 0.5±0.2 MPa to 2.9±0.1
MPa, especially when they are made into porous scaffolds. The reported tensile mechanical
strength of POC porous scaffolds are only 0.3±0.1 MPa (Yang, 2005). The processability of
PGS and POC is also limited with only a salt-leaching method reported for this type of
polymer. A commonly used thermally induced phase separation (TIPS) or freeze-drying
method for scaffold fabrication cannot be applied to these polymers due to the sticky nature
of their low molecular weight pre-polymers, which are the only processable forms for these
polymers.

To improve the mechanical properties of POC but retain the excellent elasticity, we have
recently reported a crosslinked urethane-doped polyester (CUPE) elastomer. 1,6-
hexamethylene diisocyanate (HDI) is used to extend the POC pre-polymer chains to obtain a
pre-CUPE polymer. Pre-CUPE can be further thermally crosslinked into a urethane-doped
polyesters (CUPE) elastomeric network. The tensile strength of CUPE was as high as
41.07±6.85 MPa with corresponding elongation at break of 222.66±27.84% (Dey, 2008).

Given that there has been great interest in using photopolymerization techniques for various
biomedical applications such as 3-dimensional (3-D) tissue construction and cell
entrapment, (Khademhosseini et al., 2006; Du, 2008; Yu & Ding, 2008) an in situ
crosslinkable biodegradable polyester network which was referred to as poly(octamethylene
maleate citrate) (POMC) has been recently synthesized based on POC (Gyawali, 2010).
Unsaturated maleic acid is reacted with citric acid and 1,8-octanediol to form a
photocrosslinkable POMC pre-polymer (pre-POMC). However, similar to POC in addition
to the photocross-linkability, POMC is still relatively weak and the processability of pre-
POMC is still limited due to its low molecular weight.
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Aiming at synthesizing a biodegradable elastomer with photocrosslinkability and excellent
processability, we have synthesized and characterized a new family of polymers, cross-
linked urethane-doped poly (octamethylene maleate citrate) (CUPOMC), in the present
study. The rationale behind this polymer is: (1) the major chemical structure of CUPOMC is
composed of urethane and ester bonds that have been used in many biodegradable polymer
designs (Webb, 2004; Guelcher, 2008). (2) The presence of vinyl groups makes it possible
for free radical polymerization such as photocrosslinking. (3) The unused pendant functional
groups (-COOH and -OH) after free radical polymerization can be used for post
polymerization through polycondensation or for bioconjugation (Yang, 2004). (4) The
urethane-doped structure should result in a material with strong mechanical properties
similar to CUPE (Dey, 2008). In addition, controlling the feeding ratio of the different
monomers should create a material with tunable the mechanical properties and degradation
rates. In this work, we describe the synthesis, characterization and cytocompatibility of the
CUPOMCs. Porous scaffolds are also fabricated using a thermally induced phase separation
(TIPS) method to demonstrate the processability and potential of CUPOMC in soft tissue
engineering applications.

2. MATERIALS AND METHODS
2.1. Materials

All the chemicals were purchased from Sigma-Aldrich (St. Louis, MO), unless noted
otherwise and used as received. Cell culture media was obtained from HyClone (Logan,
UT).

2.2. Polymer Synthesis
The synthesis of the CUPOMCs was carried out in following steps. The synthesis schematic
is shown in Figure 1. Briefly, 0.11 mole of 1,8-octanediol, 0.8 mole of maleic acid, and 0.2
mole of citric acid were melted in a round bottom reaction flask under 160°C. Once all the
monomers had been melted, the temperature was reduced to 140°C, and the mixture was
bulk polymerized through polycondensation for 4h to obtain the POMC prepolymer. The
prepolymer was purified by drop wise precipitation in deionized water. After purification,
the prepolymer was then lyophilized. The molecular weight of the POMC prepolymer was
characterized by Matrix assisted laser desorption/ionization mass spectroscopy (MALDI-
MS) as 680 Da. 0.02 mole of POMC prepolymer was dissolved in 1,4-dioxane to obtain a
3% W/V solution. Next, 0.02 mole of 1,6-hexamethylene diisocyanate (HDI) was added into
reaction system to synthesize pre-CUPOMC. The reaction was carried out under constant
stirring with stannous octoate as a catalyst (0.1% wt). The reaction temperature was
maintained at 55°C. A small amount of reaction solution was taken out and checked by
Fourier transform infrared (FT-IR) after 48h. The reaction was terminated when the
isocyanate peak at 2267cm−1 disappeared.

To obtain a thermo-crosslinked polymer, the pre-CUPOMC polymer solution was cast into a
Teflon mold and dried in a chemical hood equipped with laminar airflow to evaporate all the
solvent. The resulting thermo-CUPOMC film was placed into an oven under 80°C for
predetermined time periods.

The free radical reaction was carried out by UV-crosslinking. Briefly, the pre-CUPOMC
solution was mixed with 0.3% w/v Irgacure 784, which was used as the photoinitiator. Then
the polymer solution was casted into a Teflon mold and placed under UV light for
predetermined time period to synthesize photo-CUPOMC.

Polymers with different feeding ratios of 1,8-octanediol, citric acid, and HDI were
synthesized using the same steps. Different CUPOMCs were abbreviated as follows:
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CUPOMC-ratio of citric acid-maleic acid-1,8-octanediol-HDI (ex.
CUPOMC-0.2-0.8-1.1-1.0). The prepolymer of CUPOMCs was abbreviated as Pre-
CUPOMC. In our following study, CUPOMC represents thermo-CUPOMC unless
otherwise specified.

2.3. Polymer Characterization
2.3.1 Mechanical Tests—The mechanical tests of different Pre-CUPOMC and
CUPOMC films were conducted on an MTS Insight 2 machine equipped with a 500N load
cell. The testing samples were cut into a dog bone shape samples, as per ASTM D412a
(25×6×0.5mm, length x width x thickness). The testing sample was pulled at a rate of
500mm/ min and elongated to failure. The initial modulus was calculated from the initial
slope. 8-10 samples were measured and averaged.

2.3.2. In Vitro Degradation Study—For the in vitro degradation study, the polymer
films were cut into disk-shaped specimens 7mm in diameter and 0.5mm in thickness. The
degradation studies were conducted in both phosphate buffer saline (PBS, pH 7.4) and
0.05M NaOH solutions. To rapidly obtain relative degradation rates, each specimen was
placed in a clean glass tube containing 10ml NaOH solution, and then incubated under 37°C
for predetermined time points. At each time point, the samples were washed three times with
deionized water and lyophilized. The mass loss was calculated by comparing the initial mass
(W0) with the mass measured after lyophilized (Mt), as shown in equation:

(1)

The final result was obtained from the average value of six individual samples.

2.3.3. In Vitro Cytotoxicity Evaluation of Degradation Products—NIH 3T3
fibroblasts (3T3) were cultured in a 50ml culture flask with Dulbecco’s modified eagle’s
medium (DMEM) supplemented with 5% fetal bovine serum. Cell culture was maintained in
a water-jacket incubator equilibrated with 5% CO2 and 95% humidity at 37°C. After
confluence of cell proliferation, the cells were trypsinized, centrifuged, and suspended in
culture media before seeding. According a method described previously (Timmer, 2003) the
cytotoxicity of the CUPOMC degradation products was carried out by completely degrading
the materials and exposing the degraded product solution to the cultured cells. Polymers
were hydrolytically degraded in accelerated conditions. The difference between CUPOMC
(urethane-doped POMC) and CUPE (urethane-doped polyester)(Dey, 2008) with 2d oven
crosslinking was compared. Poly(D,L-lactide-co-glycolide) (PLGA 75/25) was used as
control. All polymers were placed in 50ml 1N NaOH solution and incubated under 37°C.
The polymers took 24h to be completely degraded. The solution was then filtered through a
cellulose acetate membrane filter (0.2 μm pore diameter). The pH was adjusted to 7.4 with
1N HCl. The solution was filtered again for sterilization and then diluted by 2, 10, 50 and
100 times with culture media. Then the solutions with culture media were added to the
cultured cells in 96 well plates (100μl/well) and incubated at 37°C and 5% CO2 for 24h.
After incubation, cell viability was testified using methylthiazole tetrazolium (MTT) assay.
Six samples were tested for each polymer.

2.4. In Vitro Cell Proliferation
Both CUPOMC and CUPE films were oven-crosslinked for 2d and cut into discs with a
diameter of 6mm. PLGA films were selected as a control. All the samples were sterilized by
incubation in 70% v/v ethanol for 15min followed by UV light exposure for 1h. 3T3’s were
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seeded on the films at a density of 2.0×105 cells/ ml in a 96-well plate. After 1h pre-
incubation, 200μl of culture media was added into each well. After incubation for
predetermined time points, the cell viability on each sample was testified using MTT assay.
The result was obtained from average value of six samples. The morphology of 3T3 on the
CUPOMC films was observed directly under microscopy.

2.5. Scaffold Fabrication
The CUPOMCs were fabricated into porous scaffolds by a thermally induced phase
separation (TIPS) method as described previously (Guan, 2007). Briefly, a 3% w/v pre-
CUPOMC solution in 1,4-dioxane was frozen under -80°C for 2h and then freeze-dried to
obtain a porous scaffold. The morphology of the TIPS scaffold was observed by scanning
electron microscope (SEM).

2.6. Statistical Methods
Data were expressed as the mean ± standard deviation. The statistical significance between
two sets of data was calculated using a One-way ANOVA. Data were considered to have
significant difference, when a p-value of 0.05 or less was obtained.

3. RESULTS AND DISCUSSIONS
3.1. Synthesis and Characterization of CUPOMC

The FT-IR spectra of pre-CUPOMC-0.8-1.1-1.0, pre-POMC, and pre-CUPE were compared
in Figure 2. All the three polymers had a sharp peak at 1730cm−1, which was assigned to the
carbonyl group (C=O). Amide I at 1670cm−1 and amide II at 1560cm−1 vibrations were
found on the spectra of pre-CUPOMC and pre-CUPE, which indicates the successful doping
of urethane (Dey, 2008). The characteristic peak of the double bond at 1647cm−1 was
overlapped by the amide I peak. However, the peak of trans-double bond at 980cm−1 could
be observed from the spectra of the pre-POMC and pre-CUPOMC. These results indicated
that the double bond was maintained after the chain extension reaction. It also demonstrated
that during the synthesis of pre-POMC, the cis- structure of double bond from maleic acid
had turned into trans- structure.

3.2. Mechanical Test
The mechanical properties of different polymers were compared through tensile tests. To
evaluate the impact of the HDI ratio, mechanical tests were performed on prepolymers of
CUPOMC-0.2-0.8-1.1-0.5, CUPOMC-0.2-0.8-1.1-1.0 and CU - POMC-0.2-0.8-1.1-1.5. The
results are shown in Figures 3A and 3B. With the increase of the HDI, the tensile strength
and initial modulus ranged from 0.94±0.08 and 5.60±0.48 respectively. Compared with
POMCs (photocrosslinked), the tensile strength of which was lower than 1MPa (Gyawali,
2010) the presence of the urethane bond dramatically increased the tensile strength of the
materials, even at the pre-polymer stage. The elongation of these prepolymers ranged from
181.92±10.64% and 295.85±30.06, which covers the elongation of native arteries and veins
(~260%).

CUPOMC-0.2-0.8-1.1-1.5 was selected to analyze the impact of different thermo-cross-
linking times on the material mechanical properties. From Figure 3C, it showed an
increasing trend with the increasing thermo-crosslinking times from 0 day to two days.
Since there was only 0.2 molar ratio of citric acid in the polymer, there was no significant
difference for the tensile strength (up to 10.91±0.63MPa) and initial modulus after two-day
thermo-crosslinking suggesting the crosslinking reactions were completed within two days.
The elongation of the polymers remained similar after one-day crosslinking (Figure 3D).
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CUPOMC-0.2-0.8-1.1-0.5 was UV-crosslinked with Irgacure 784 for 20 and 30min. As
shown in Figures 3E and 3F, the polymer crosslinked for 20min under UV irradiation was
almost three times as strong as the original pre-polymer. However, the additional UV-
crosslinking times seemed to not change the mechanical properties significantly. Since UV-
crosslinking only consumed vinyl groups from the polymer chain, the functional groups on
the pendent chain can be saved for thermo-polymerization or further chemical modification.
The UV-crosslinking is a much milder polymer processing method than the thermo-
crosslinking providing advantages when thermo-sensitive biomolecules have to be
incorporated or conjugated to the polymers.

The mechanical properties of the selected biodegradable elastomers and soft tissues were
listed in Table 1. The tensile strength of pre-CUPOMC and CUPOMCs under the known
synthesis conditions ranged from 0.73±0.12 and 10.91±0.63MPa (Figures 3A and 3C),
which are similar to POC and much stronger than PGS and POMC. Importantly, the
elongation range of pre-CUPOMC and CUPOMCs covered all the selected polymers and the
soft tissues in Table 1. These results indicated that doping urethane bonds in POMCs created
strong CUPOMCs without losing the elasticity. It should be noted that even the tensile
strength of pre-CUPOMCs synthesized under the known conditions could range from
0.73±0.12 and 5.60±0.48. This is very different from the other published pre-POC, pre-PGS
and pre-POMC polymers which could not even be tested for their tensile mechanical
properties due to their sticky nature. In other words, pre-CUPOMCs can be used as implant
materials for various applications without even a further post-polymerization (thermo- or
photo-). The tunable mechanical properties of CUPOMCs suggested that CUPOMCs may be
viable candidate materials for soft tissue engineering applications.

3.3. In Vitro Degradation of Pre-CUPOMCs
The degradation rates of pre-CUPOMCs could be varied by changing the feeding ratio of
monomers. As shown in Figure 4A, pre-CUPOMC-0.2-0.8-1.1-1.0 polymers were fully
degraded after 14 weeks of incubation in PBS. Increasing the HDI ratio and decreasing the
diol ratio resulted in slower degradation rates. This was explained that increasing the HDI
ratio and decreasing the diol ratio could both increase more hydrolysis-resistant urethane
and amides bonds than ester bonds, which were in agreement with previous findings on POC
and CUPE (Yang, 2004, 2006; Dey, 2008). Compared to the long degradation times for
some polyesters (18-60 months for PLLA and 24 months for PCL), the 14-week in vitro
degradation time period for pre-CUPOMC can potentially be more suitable for some tissue
engineering applications. Normally, polyurethanes undergo even longer degradation times
(Amsden, 2007). The degradation study in base solution also provided strong evidence that
the degradation rates of CUPOMCs are tunable.

3.4. Cell Culture
As pre-CUPOMCs themselves may be used as materials. Therefore, a preliminary cell
attachment study was conducted on a selected pre-CUPOMC film. The cell morphology of
3T3 fibroblasts on pre-CUPOMC-0.2-0.8-1.1-1.0 films are shown in Figures 5A and 5B
with different magnifications. It was observed that 3T3 fibroblasts had a stretched
morphology on Pre-CUPOMC-0.2-0.8-1.1-1.0 films, which indicates that this polymer
supported 3T3 fibroblast adhesion.

To study the cytotoxicity of the CUPOMC degradation products, the maximum release of
degradation products was achieved by an accelerated degradation in strong base solution
(Timmer, 2003). The degradation solution of the polymers was then incubated with 3T3
fibroblasts for MTT assay. All the values of absorbance were normalized to the PLGA at
100x dilution. The results are shown in Figure 6A. The viability of 3T3s cultured in the
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presence of the CUPOMC degradation products was 1.80±0.07%, 5.66±0.66%,
40.53±4.63%, and 81.96±11.23% for 2×, 10×, 50×, and 100× dilutions, respectively. The
results indicated that CUPOMC had a dose-dependent cytotoxic effect. CUPOMC
degradation products produced similar or slightly higher cytotoxicity compared to the PLGA
degradation products at 100× dilution suggesting an acceptable cytotoxicity of CUPOMC
degradation products.

The cytocompatibility of CUPOMC was evaluated by cell adhesion and proliferation on
CUPOMC-0.2-0.8-1.1-1.0 films. From the MTT assay results (Figure 6B), PLGA had a
higher cell adhesion than both CUPe and CUPOMC during the initial phase of cell adhesion
and proliferation. After 3 days cell culture, there was no significant difference in the cell
number between CUPOMC and PLGA. CUPOMC displayed higher cell viability than
PLGA after 5 and 7 days cell culture, but CUPe was even higher. The results suggested that
CUPOMCs supported higher cell proliferation rates than PLGA. The cytotoxicity studies
demonstrated that CUPOMCs have the potential to be used as cell delivery carrier such as in
tissue engineering applications.

3.5. Scaffold Fabrication or Pre-CUPOMC
As we have studied, pre-CUPOMC possessed excellent mechanical properties even without
further crosslinking. We have also studied the processability of pre-CUPOMC by scaffold
fabrication. The morphology of the TIPS scaffold fabricated from pre-
CUPOMC-0.2-0.8-1.1-1.0 was observed on a Hitachi 3000 SEM. CU-
POMC-0.2-0.8-1.1-1.0 TIPS scaffolds are shown in Figure 7. Pictures of both the surface
and cross section were taken. Figures 7A and 7B show that the TIPS fabrication technique
could be applied to pre-CUPOMC to prepare a scaffold with a highly interconnected porous
structure. The morphology of the scaffold was also observed after 1d thermo-crosslinking.
The porous structure was maintained in both the surface and cross section of the scaffold as
shown in Figures 7C and 7D. Tensile mechanical tests on the above pre-
CUPOMC-0.2-0.8-1.1-1.0 TIPS scaffold confirmed the soft and elastic nature of the
scaffolds (Young’s modulus: 0.09±0.01MPa, elongation: 192.44±24.76%).

4. CONCLUSION
We have developed a new family of polyester elastomers, poly (octamethylene maleate
citrate) urethane (CUPOMCs). CUPOMCs possess tunable mechanical properties and
degradation rate. CUPOMCs could be either thermo-crosslinkable and/or UV-crosslinkable
providing flexibility to use these polymers in various applications. CUPOMC prepolymers
exhibited excellent processability offering advantages over the previous developed
biodegradable elastomers. Preliminary biocompatibility evaluation in vitro supported that
CUPOMCs may be good candidate materials for cell delivery carriers. The development of
CUPOMCs should expand the choices of available biodegradable elastomers for broad
biomedical applications such as soft tissue engineering.
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Figure 1.
Synthesis schematic of CUPOMC polymers. The monomers citric acid, 1,8-octanediol, and
maleic acid underwent polycondensation to produce hydroxyl group capped Pre-POMC in
step 1. In step 2, 1,6-hexamethyl diisocyanate was used to extend the Pre-POMC chain. In
step 3, the Pre-CUPOMC was thermo- and/or UV-crosslinked to obtain CUPOMC network.
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Figure 2.
FT-IR spectra of representative prepolymers. (A) Pre-CUPE; (B) Pre-CUPOMC; (C) Pre-
POMC.
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Figure 3.
Tensile mechanical tests on pre-CUPOMC and CUPOMC. (A and B) Tensile strength,
Young’s Modulus and elongation of pre-CUPOMC-0.2-0.8-1.1-0.5, pre-
CUPOMC-0.2-0.8-1.1-1.0 and pre-CUPOMC-0.2-0.8-1.1-1.5 (various HDI molar ratio: 0.5,
1.0, and 1.5); (C and D) Tensile strength, Young’s Modulus and elongation of
CUPOMC-0.2-0.8-1.1-1.5 with different thermo-crosslinking time ranging from 1d to 4d. (E
and F) Tensile strength, Young’s Modulus, Elongation of CUPOMC-0.2-0.8-1.1-0.5 with
different UV-crosslinking time. **p<0.01, *p<0.05, #p>0.05; N=8.
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Figure 4.
(A) In vitro degradation of Pre-CUPOMC-0.2-0.8-1.1-1.0 in PBS (pH=7.4) at 37°C (n=6).
(B) In vitro degradation of Pre-CUPOMC with different ratio of HDI in NaOH (0.05mol/L)
at 37°C (n=6). (C) In vitro degradation of Pre-CUPOMC with different ratio of 1,8-
octanediol in NaOH (0.05mol/L) at 37°C (n=6).
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Figure 5.
Images of 3T3 mouse fibroblasts on the Pre-CUPOMC-0.2-0.8-1.1-1.0 film observed under
microscopy with 20× (A) and 32× (B) magnification.
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Figure 6.
(A) Cytotoxicity evaluation of degradation products of CUPOMC-0.2-0.8-1.1-1.0 with 2d
thermo-crosslinking under 80°C at 2×, 10×, 50×, and 100× dilutions. CUPe with same
thermo-crosslinking condition and PLGA 75/25 were used as control. (B) Cell viability and
proliferation assay (MTT assay) for 3T3 fibroblasts cultured on CUPOMC-0.2-0.8-1.1-1.0
film with 2d thermo-crosslinking under 80°C. CUPe with same thermo-crosslinking
condition and PLGA 75/25 were used as control.
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Figure 7.
(A and B) SEM images of the surface (A) and cross section (B) of a pre-CU-
POMC-0.2-0.8-1.1-1.0 scaffolds fabricated by a thermally induced phase separation (TIPS)
method. (C and D) SEM images of the surface (C) and cross section (D) of a CUPOMC-0.2
-0.8-1.1-1.0 scaffold thermally crosslinked under 80 þC, 1 day.
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