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A B S T R A C T

Hybrid networks of PTMC and gelatin were prepared and their mechanical and biological properties were in-
vestigated. First, PTMC oligomer and gelatin were methacrylated. Methacrylated macromers, PTMC-dMA and
GelMA, were dissolved in DMSO/formic acid (90/10 v/v) at concentrations of 30% or 23% (w/v), at room
temperature (RT) or 65 °C. Subsequently, mixtures were prepared at 75:25, 50:50 and 25:75 ratios (v/v) of
PTMC-dMA and GelMA. Hybrid networks and networks of only PTMC or gelatin were prepared by solvent
casting followed by photo-crosslinking. Mechanical properties were investigated by tensile testing and biological
properties by human smooth muscle cell proliferation on the surface of the networks. Although incorporation of
gelatin in PTMC networks decreased the toughness of the networks, networks consisting of 75% PTMC and 25%
gelatin still had adequate mechanical properties, e.g. for vascular tissue engineering. Hybrid networks prepared
at 30% (w/v) macromer concentration at RT had the highest toughness. Cell proliferation on all hybrid networks
was similar to that on 100% gelatin networks and significantly higher than on 100% PTMC networks. It is
concluded that incorporation of 25% gelatin in a PTMC network is a viable strategy to increase cellular inter-
actions with the network, while retaining sufficient mechanical properties for soft tissue engineering applica-
tions.

1. Introduction

The availability of autologous blood vessels for the treatment of
vascular disease is limited. Therefore, the preparation of functional
tissue-engineered blood vessels is a meaningful approach to solve the
limitations of autologous blood vessel transplantation [1,2]. A suitable
material for vascular tissue engineering should resemble native vas-
cular tissue regarding both mechanical and biological functionalities
[3,4].

Synthetic polymers like Dacron, Teflon, polycaprolactone (PCL) and
polylactic acid (PLA) have been used to make tissue-engineered vas-
cular transplants [5–8]. Whereas these materials perform relatively well
in terms of mechanical properties, serious problems related to blood
compatibility and inflammatory reactions have been reported. Al-
though biocompatibility can be enhanced by protein coating and en-
dothelialisation of the surface of the implants, it is hard to realize the
functionality of natural blood vessel tissue [4,9]. The use of hybrid
materials consisting of synthetic and natural polymers, combining the
positive functionalities of each of the different materials, may yield
constructs with better overall properties [5,10]. Natural polymers such
as collagen, gelatin, cellulose, glycosaminoglycan and hyaluronic acid,

play an integral role in cell metabolism and growth [11,12]. Therefore,
incorporation of natural polymers in synthetic polymer networks with
suitable mechanical properties may solve the above problem [13–15].
Gelatin is a natural polymer derived from the extracellular matrix
component collagen, and the amine-containing side groups can be
modified with photo-crosslinkable methacrylate groups. Methacrylated
gelatin (GelMA) has been widely used to build 3D-printed tissue en-
gineering scaffolds or as a natural component to enhance the biological
properties of scaffolds [16,17]. In our previous study, we showed that
cell attachment on poly(ethylene glycol) (PEG) hydrogels can be sig-
nificantly enhanced by crosslinking of GelMA in the networks [18].
However, these PEG/gelatin hybrid hydrogels have relatively poor
mechanical properties. Thus, a synthetic polymer with better mechan-
ical properties should be applied. Recently, electrospun nanofiber
membranes were prepared from PCL/gelatin and PLA/gelatin mixtures
[19,20]. Both membranes had a high tensile modulus of 120 MPa and
375 MPa, respectively, which is too stiff for soft tissue engineering
applications.

Poly(trimethylene carbonate) (PTMC) is a promising material for
vascular tissue engineering [2,21]. Networks made of PTMC are flex-
ible, elastic and compatible with various cell types [22–25]. In contrast
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to other biodegradable polymers such as PCL and PLA, PTMC degrades
in vivo by a surface erosion process, without the formation of acidic
degradation products [22,26]. As described above, incorporation of
gelatin in PTMC networks may further enhance the biological proper-
ties of the networks. A major challenge in the processing of synthetic
and natural polymers into a hybrid network, is to find a common sol-
vent for both types of polymer. In this work, a series of hybrid networks
made from methacrylated PTMC and GelMA were prepared. Subse-
quently, the physical, tensile and cell adhesive properties of the hybrid
networks were investigated.

2. Materials and methods

2.1. Materials

Trimethylene carbonate (TMC) was provided by Huizhou Foryou
Medical Devices, China. Gelatin from porcine skin (Type A, gel strength
90–110 g Bloom), stannous octoate (Sn(Oct)2), triethylamine (TEA),
methacrylic anhydride, 1,6-hexanediol, hydroquinone, 1-4-(2-hydro-
xyethoxy)-phenyl-2-hydroxy-2-methyl-1-propane-1-one (Irgacure
2959), deuterated chloroform, dimethyl sulfoxide (DMSO), formic acid
and 2,4,6-trinitrobenzenesulfonic acid solution (TNBS, 5% (w/v) in
H2O) were purchased from Sigma Aldrich, The Netherlands. Diethyl
ether and dichloromethane (DCM) were bought from VWR Chemicals,
Germany. Dialysis membrane (MWCO = 12–14 kDa) was purchased
from Spectra/Por®. All compounds were used without further pur-
ification. Dulbecco’s PBS (DPBS), Dulbecco’s modified Eagle’s medium
(DMEM), fetal bovine serum (FBS), glutamax, trypsin/EDTA and peni-
cillin/streptomycin were obtained from Gibco. PrestoBlue™ cell viabi-
lity reagent was purchased from Thermo Fisher. Gelatin solution (Type
B, 2% (w/v) in H2O, tissue culture grade) was purchased from Sigma
Aldrich, The Netherlands.

2.2. Synthesis of dimethacrylate-functionalised PTMC (PTMC-dMA)

PTMC oligomer with a molecular weight of 10,000 g/mol was

prepared by ring-opening polymerisation of TMC. In a three-neck round
bottom flask with magnetic stirring bar, 102 g of TMC was heated to
80 °C in an argon atmosphere. After the TMC monomer was fully
melted, 1.19 g of hexanediol (initiator) and 10 drops of Sn(Oct)2 (cat-
alyst, one drop per 10 g monomer) were added. Next, the temperature
was increased to 130 °C and after 2 d the reaction was stopped by
cooling to room temperature. Subsequently, the PTMC was end-func-
tionalised by reaction of both hydroxyl end groups with methacrylic
anhydride in DCM in the presence of triethylamine and hydroquinone.
First, the PTMC was dissolved in 300 ml of DCM (3 ml/g oligomer),
followed by addition of 0.1 g hydroquinone (0.1 wt% relative to oli-
gomer), 13.56 ml of triethylamine (6 mol/mol oligomer) and 21.43 ml
methacrylic anhydride (6 mol/mol oligomer). The reaction was con-
ducted for 5 d at room temperature (RT) under continuous stirring in
the dark. The PTMC-dMA macromer was purified by precipitation in
cold ethanol and dried in a vacuum oven at RT in the dark. The mo-
lecular weight (Mn) and degree of functionalisation of the macromer
were calculated from 1H NMR spectral data of macromer dissolved in
chloroform-d [27].

2.3. Synthesis of GelMA

To 20 g of gelatin, 200 ml of Millipore water was added at RT. The
mixture was swollen for 1 h and then heated to 50 °C under magnetic
stirring. After the gelatin was fully dissolved, 2 ml of methacrylic an-
hydride (0.1 ml/g gelatin) was slowly added to the solution under in-
tensive stirring. The emulsion formed was stirred for 3 h. Subsequently,
the mixture was transferred to a centrifuge tube and the GelMA and
unreacted methacrylic anhydride were separated by centrifugation at
4,000 g for 5 min at RT. The supernatant was collected and diluted two
times with Millipore water of 40 °C to decompose remaining me-
thacrylic anhydride. The resulting solution was transferred to a
12–14 kDa MWCO dialysis bag and dialysed against water for 3 d at
40 °C to remove the methacrylic acid. Finally, the GelMA was freeze-
dried and stored at −25 °C before use. A TNBS assay was used to
quantify the amount of residual free amine groups in the functionalised
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Fig. 1. a. Synthesis of linear PTMC and subsequent functionalisation using methacrylic anhydride. b. Functionalisation of gelatin with methacrylic anhydride. c.
Preparation of PTMC/gelatin hybrid networks.
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gelatin [28].

2.4. Preparation of PTMC-dMA/GelMA networks

PTMC-dMA and GelMA were separately dissolved in DMSO/formic
acid (90:10 v/v) at concentrations of 30% or 23% (w/v), at RT or 65 °C.
I 2959 (1 wt% relative to macromer) was added as a photoinitiator.
Three different mixed macromer networks were fabricated by preparing
mixtures at a 75:25, 50:50 or 25:75 ratio (v/v) of PTMC-dMA and
GelMA. Next, mixtures were placed between two quartz glass plates
separated by a 1 mm PDMS spacer, and photo-crosslinked by irradiation
for 60 min at 365 nm in a UV box, see Fig. 1c. After removing from the
mold, the unreacted macromers and DMSO/formic acid were extracted
from the polymer network. The network was first put in a mixture of
DMSO and ethanol (90:10 v/v) for 2 h to swell the network to 2 times
its volume. Then, ethanol was continuously added at a rate of 1 ml/min
for 24 h. After that, the sample was immersed in 100% ethanol for
another 24 h. Finally, the network was dried in a vacuum oven at RT.

2.5. Turbidity measurements

The turbidity of PTMC-dMA and GelMA solutions and their mixtures
in DMSO/formic acid (90:10 v/v), was determined by measuring the
transmission of light at 600 nm using an Agilent UV–Vis spectrometer.
The baseline was corrected for the solvent used.

2.6. Physical properties

The morphology of the networks was observed by scanning electron
microscopy (SEM) using a JSM-IT100 InTouchScope™. Networks were
broken immediately after freezing in liquid nitrogen and subsequently
gold-sputtered in a Cressington sputter coater 108 auto.

The gel content (GC) and water uptake (WU) of the networks were
determined from network weights in both swollen and dry states ac-
cording to equations (1) and (2):

⎜ ⎟= × ⎛
⎝

= ×
+

⎞
⎠

m
m

m m m
m m

GC 100%dry macromer

macromer solvent1
1 0

(1)

=
−

×
m m

m
WU 100%s dry

dry (2)

m0: Mass of specimens after photo-crosslinking, containing polymer
and solvent.
m1: Mass of polymer in the network after photo-crosslinking.
mdry: Mass of dry polymer network after extraction.
ms: Mass of extracted polymer network swollen in water.

2.7. Tensile properties

Stress–strain measurements were performed according to ASTM
D638 using a Zwick Roell tensile tester. Networks were swollen in water
for 24 h, cut to dumbbell-shaped specimens of 50 × 9 mm, and elon-
gated at a speed of 10 mm/min at RT. Starting from the initial position
(30 mm grip-to-grip separation), the stress and elongation of three
samples of each network were measured to obtain values for the tensile
modulus (Emod), maximum strength and elongation at break. Emod was
determined at 17.5% tensile strain. Toughness (Wtensile) was used as a
parameter for the resistance to fracture of the network under stress, and
determined by integrating the area under the stress-strain curve.

2.8. Cell culturing on photo-crosslinked macromer networks

Human smooth muscle cells (hSMC, passage 4) were cultured at
37 °C in humidified air containing 5 vol% CO2, in 175 cm2 culture flasks
containing advanced DMEM, 1% (v/v) glutamax, 1% (v/v) penicillin/

streptomycin and 10% (v/v) FBS. The culture flask was coated with
0.1% (w/v) gelatin solution before seeding the cells. The medium was
refreshed three times per week until the cells reached confluence. Upon
confluence, the cells were trypsinised and counted using a Neubauer
cell counting chamber.

Single and mixed macromer networks were cut to disk-shaped
samples with a diameter of 10 mm, and placed in 48 wells suspension
culture plates (not treated for cell adhesion, n = 4). A rubber O-ring
(Technirub, Netherlands) with 11.5 mm outer diameter (inner diameter
9.5 mm) was put on top of the specimens to prevent them from floating.
Before cell seeding, the specimens were disinfected with 70% ethanol
for 10 min and washed with DPBS. After removing the DPBS, the spe-
cimens were kept in cell culture medium overnight at 37 °C. The hSMC
were seeded on the networks at a density of 8000 cells per well, and
cultured in a cell culture incubator for 7 d. The proliferation and via-
bility of hSMC on the networks was determined using the following
methods:

2.8.1. PrestoBlue assay
On days 1, 4 and 7 after cell seeding, the culture medium was re-

placed by culture medium containing 10% (v/v) PrestoBlue reagent.
After incubation for 1 h in the incubator, the fluorescence was mea-
sured at an excitation wavelength of 560 nm and an emission wave-
length of 590 nm using a Tecan Saphire fluorometer. After measuring
the fluorescence, the PrestoBlue-containing medium was replaced by
fresh culture medium, and cell culturing was continued.

2.8.2. Live/Dead staining
Live/Dead staining was performed on days 1, 4 and 7 after cell

seeding. The specimens were rinsed with warm DPBS (37 °C), and in-
cubated with 2 µM Calcein-AM/4 µM ethidium homodimer-1 solution
for 1 h in the incubator. After rinsing with warm DPBS, pictures were
taken using an EVOS FL cell imaging system.

2.9. Statistical analysis

PrestoBlue data were analysed by two-way ANOVA using GraphPad
Prism, p < 0.05 was considered statistically significant.

3. Results and discussions

3.1. Synthesis of PTMC-dMA and GelMA

Linear dihydroxyl-terminated PTMC was prepared by ring-opening
polymerisation of TMC using 1,6-hexanediol as initiator. Subsequent
reaction of this oligomer with methacrylic anhydride yielded PTMC-
dMA macromer (reaction shown in Fig. 1a), which can be crosslinked
by UV irradiation. The mechanical properties of PTMC-dMA networks
prepared in solution are related to macromer molecular weight and
macromer concentration. The toughness of the networks increases with
increasing macromer molecular weight and decreasing macromer
concentration [29]. In the present study, PTMC-dMA with a molecular
weight of 10,000 g/mol was synthesised, as it is hard to form networks
from higher molecular weight PTMC-dMA in dilute solution. The de-
gree of functionalisation of the PTMC-dMA was 96%.

Gelatin is a polypeptide of which the amine groups on the amino
acid building blocks can be reacted with methacrylic anhydride
yielding GelMA macromer (reaction shown in Fig. 1b). The degree of
functionalisation of the GelMA was 40%. Using the results of the TNBS
assay and the molecular weight of the gelatin (20,000–25,000 g/mol),
it was calculated that the average molecular weight between two me-
thacrylate groups was around 10,000 g/mol.

3.2. Preparation and characterisation of PTMC-dMA/GelMA mixtures

To build mixed networks of PTMC-dMA and GelMA, a common
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solvent for the two macromers had to be found. In previous work, or-
ganic solvents such as chloroform, propylene carbonate or ethylene
carbonate were used as a solvent for PTMC [30]. Because the natural
polymer gelatin cannot be dissolved in most organic solvents, DMSO as
a polar aprotic solvent was used. DMSO is less toxic than other polar
aprotic solvents such as dimethylformamide, dimethylacetamide and N-
methyl-2-pyrrolidone [31]. PTMC is easily soluble in DMSO, but gelatin
appeared only to swell in DMSO. To make the gelatin fully soluble,
formic acid was added to DMSO at a concentration of 10% (v/v). PTMC
was fully soluble in this mixture as well, as shown in Fig. 2. Dissolving
PTMC-dMA in DMSO/formic acid (90/10 v/v) yielded colorless trans-
parent solutions, whereas GelMA solutions were yellow and trans-
parent.

A series of PTMC-dMA and GelMA mixtures were prepared at a
100:0, 75:25, 50:50, 25:75 or 0:100 PTMC-dMA:GelMA ratio (v/v). As
shown in Fig. 2a, mixtures prepared at a macromer concentration of
30% (w/v) at RT were turbid, indicating phase separation. Fig. 2b
shows that mixtures prepared at a macromer concentration of 30% (w/
v) at 65 °C were also turbid. However, at a macromer concentration of
23% (w/v) at 65 °C, the mixtures were transparent, see Fig. 2c.

The miscibility of the macromer mixtures was determined by mea-
suring the light transmission of the mixtures, see Table 1. Irrespective of
concentration and temperature, the transmission of PTMC-dMA and
GelMA solutions was 98 and 90%, respectively. The transmission of
30% (w/v) macromer mixtures with a 75:25, 50:50 or 25:75 PTMC-
dMA:GelMA ratio (v/v) at RT was 2.0, 1.1 and 1.3%, respectively. The
transmission of the mixtures increased by increasing the temperature to
65 °C, but the effect was limited. When decreasing the macromer con-
centration to 23% (w/v) at 65 °C, the transmission of the mixtures was
in all cases higher than 84%. Thus, phase separation of the mixtures can

be decreased by increasing the temperature and/or decreasing the
macromer concentration, which is in agreement with literature [32].

3.3. Morphology of PTMC-dMA/GelMA networks

Photo-crosslinked PTMC-dMA/GelMA networks were prepared at
the same temperature at which the macromers were mixed. The
homogeneity of the networks was investigated by imaging the cross-
sections by SEM. As shown in Fig. 3a and b, the cross-sections of photo-
crosslinked 100% PTMC-dMA and 100% GelMA networks were
homogeneous. The phase-separated mixtures prepared at 30% (w/v)
macromer concentration at RT and 65 °C, were able to be photo-
crosslinked. Cross-sections showed inhomogeneous hybrid networks,
see Fig. 3c, d, e and f, g, h. However, cross-sections of hybrid networks
prepared at 23% (w/v) macromer concentration at 65 °C were homo-
geneous, as shown in Fig. 3i, j, k.

30% RT

30% 65 oC

23% 65 oC

a

b

c

Fig. 2. 30% and 23% (w/v) PTMC-dMA and GelMA solutions and mixtures at RT and 65 °C. From left to right 100% PTMC-dMA, 75:25, 50:50, 25:75 PTMC-
dMA:GelMA (v/v) and 100% GelMA.

Table 1
Turbidity of PTMC-dMA/GelMA mixtures prepared at 30% and 23% (w/v)
macromer concentrations at RT and 65 °C.

Mixture composition PTMC-
dMA:GelMA (v/v)

Transmission at 600 nm (%)

30% (w/v),
RT

30% (w/v),
65 °C

23% (w/v),
65 °C

100:0 98.7 98.4 98.4
75:25 2.0 3.8 84.5
50:50 1.1 6.0 86.3
25:75 1.3 1.5 84.3
0:100 90.0 90.2 90.1
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3.4. Characterisation of PTMC-dMA/GelMA networks

The gel content of the networks was determined upon extraction of
the sol fraction. As shown in Tables 2 and 3, networks prepared at a
macromer concentration of 30% (w/v) had a high gel content of at least
90% after photo-crosslinking. Decreasing the macromer concentration
to 23% (w/v) led to lower gel contents of 81–85% for the hybrid net-
works, see Table 4. At this macromer concentration, PTMC-dMA was
not able to form a network due to a too low concentration of

methacrylate groups in the solution. Although for both PTMC-dMA and
GelMa the molecular weight between methacrylate groups was
10,000 g/mol, the effect of lower macromer concentration on gel
content was less pronounced in the case of GelMA, as this macromer
had a higher molecular weight than PTMC-dMA.

As shown in Tables 2 and 3, the water uptake of 100% PTMC net-
works was only 1–2%. The hybrid networks prepared from 75:25
PTMC-dMA:GelMA (v/v) macromer mixtures had a water uptake of
44–66%, which further increased with increasing gelatin content of the

Fig. 3. SEM images of cross-sections of photo-crosslinked PTMC-dMA and GelMA single and hybrid networks prepared at 30% and 23% (w/v) macromer con-
centrations at RT and 65 °C.

Table 2
Properties of photo-crosslinked networks prepared at 30% (w/v) macromer concentration at RT. GC: gel content, WU: water uptake, Emod: E modulus, Wtensile:
toughness. N = 3 (standard deviation).

Network composition PTMC-dMA: GelMA (v/v) GC (%) WU (%) Emod (MPa) Maximum strength (MPa) Elongation at break (%) Wtensile (N/mm2)

100:0 96 (0) 2 (2) 1.483 (0.020) 1.27 (0.19) 1000 (81) 1043 (125)
75:25 98 (1) 66 (1) 0.852 (0.002) 1.58 (0.20) 410 (20) 386 (10)
50:50 92 (3) 222 (3) 0.238 (0.014) 0.55 (0.08) 223 (10) 58 (5)
25:75 95 (1) 450 (18) 0.113 (0.002) 0.34 (0.02) 130 (22) 11 (4)
0:100 97 (1) 524 (12) 0.108 (0.003) 0.14 (0.01) 92 (8) 5.4 (0.9)
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networks, see Tables 2–4. As the hybrid PTMC/gelatin networks are
made of biodegradable and biocompatible polymers and behave as
hydrogels, they may have interesting properties for a variety of bio-
medical applications [29]. In this respect, the mechanical properties
should be considered as well.

As shown in Tables 2 and 3, the 100% PTMC networks were rela-
tively strong, flexible and tough. In contrast, the 100% gelatin networks
were weak and brittle, see Tables 2–4. Although incorporation of ge-
latin in the PTMC networks resulted in a decrease in mechanical
properties, the hybrid networks prepared from 75:25 PTMC-dMA:-
GelMA (v/v) macromer mixtures still showed good mechanical prop-
erties especially when prepared at 30% (w/v) macromer concentration

at RT (Table 2). This hybrid network in the hydrated state had a tensile
modulus of 0.85 MPa, maximum strength of 1.58 MPa, elongation at
break of 410% and a toughness of 386 N/mm2. For comparison, porcine
carotid artery and human mesenteric artery have a maximum tensile
strength of 1.55 and 1.89 MPa, and an elongation at break of 207 and
345%, respectively [21]. Thus, the 75:25% PTMC/gelatin hybrid net-
work has suitable mechanical properties for vascular tissue engineering.

3.5. Cell attachment on PTMC-dMA/GelMA networks

Attachment and proliferation of hSMC on the PTMC-dMA, GelMA
and PTMC-dMA/GelMA networks was investigated by PrestoBlue assay.

Table 3
Properties of photo-crosslinked networks prepared at 30% (w/v) macromer concentration at 65 °C. GC: gel content, WU: water uptake, Emod: E modulus, Wtensile:
toughness. N = 3 (standard deviation).

Network composition PTMC-dMA: GelMA (v/v) GC (%) WU (%) Emod (MPa) Maximum strength (MPa) Elongation at break (%) Wtensile (N/mm2)

100:0 92 (2) 1 (1) 1.480 (0.010) 1.89 (0.31) 1230 (100) 1115 (85)
75:25 90 (3) 71 (6) 0.718 (0.020) 1.27 (0.06) 380 (10) 228 (16)
50:50 91 (1) 243 (5) 0.152 (0.010) 0.37 (0.04) 190 (15) 35 (5)
25:75 92 (1) 498 (10) 0.087 (0.002) 0.24 (0.01) 140 (16) 12.5 (3)
0:100 95 (1) 647 (13) 0.064 (0.005) 0.07 (0.01) 115 (26) 4.6 (1.6)

Table 4
Properties of photo-crosslinked networks prepared at 23% macromer concentration at 65 °C. GC: gel content, WU: water uptake, Emod: E modulus, Wtensile: toughness.
N = 3 (standard deviation).

Network composition PTMC-dMA: GelMA (v/v) GC (%) WU (%) Emod (MPa) Maximum strength (MPa) Elongation at break (%) Wtensile (N/mm2)

100:0 a – – – – –
75:25 81 (2) 44 (6) 0.915 (0.012) 1.05 (0.04) 380 (11) 246 (18)
50:50 81 (3) 115 (10) 0.517 (0.010) 0.57 (0.02) 300 (8) 120 (13)
25:75 85 (1) 301 (12) 0.194 (0.013) 0.33 (0.01) 230 (5) 19 (1)
0:100 93 (3) 782 (20) 0.043 (0.003) 0.12 (0.02) 210 (15) 6.4 (1.2)

a: failed to form a network.

d.

30% RT
***

30% 65 oC
***

a b

c

Fig. 4. PrestoBlue data of hSMC culturing on PTMC-dMA, GelMA and PTMC-dMA/GelMA networks. a: Photo-crosslinked networks prepared at 30% (w/v) macromer
concentration at RT, b: Photo-crosslinked networks prepared at 30% (w/v) macromer concentration at 65 °C, c: Photo-crosslinked networks prepared at 23% (w/v)
macromer concentration at 65 °C (PTMC network in c was made at 30% (w/v) macromer concentration at 65 °C). N = 3, ***p < 0.05.
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After 1 and 4 days of culturing, no significant differences in fluores-
cence values were found on all networks tested, see Fig. 4. Fluorescence
on day 4 was higher than on day 1, suggesting an increase in cell
numbers. From day 4 to day 7, fluorescence further increased. At this
time point, the 100% PTMC networks showed significantly lower values
than all other networks. Live/Dead staining was done on day 7, on
networks prepared at 30% macromer concentration at RT, see Fig. 5.
Hardly any dead cells were observed on all networks. Moreover, the
100% PTMC networks showed a lower amount of cells compared to the
other networks, confirming the PrestoBlue data at this time point. Thus,
hybrid PTMC/gelatin networks containing as little as 25% gelatin show
similar cellular interactions as 100% gelatin networks.

The hybrid networks prepared from 75:25 PTMC-dMA:GelMA (v/v)
macromer mixtures had the best mechanical properties, when prepared
at 30% (w/v) macromer concentration at RT. It is worth mentioning
that without continuous mixing, the 30% (w/v) macromer mixtures
separate within 15–20 min in two layers. This limits the processing time
of these mixtures, which may be disadvantageous for the fabrication of
more advanced structures than the flat network films in the present
study. The mixed solutions of PTMC-dMA and GelMA prepared at 23%
(w/v) macromer concentration at 65 °C do not phase separate without
stirring. As the 75:25% PTMC/gelatin hybrid networks prepared from
the latter solutions also have good mechanical and biological proper-
ties, they are interesting for soft tissue engineering applications as well.

4. Conclusions

Photo-crosslinked PTMC/gelatin networks were prepared from the
macromers PTMC-dMA and GelMA, both dissolved in DMSO/formic
acid (90/10 v/v). Whereas macromer solutions mixed at a concentra-
tion of 30% (w/v) at RT or 65 °C yielded turbid suspensions, macromer
solutions mixed at a concentration of 23% (w/v) at 65 °C did not phase
separate. PTMC/gelatin networks prepared at various PTMC:gelatin
ratios were all hydrogels. The hybrid networks prepared from 75:25
PTMC-dMA:GelMA (v/v) macromer mixtures at 30% (w/v) macromer
concentration at RT showed the highest toughness, although this was
lower than that of 100% PTMC networks. As compared to the latter
networks, incorporation of 25% gelatin significantly increased the
proliferation of hSMC on the networks, similar to that on 100% gelatin
networks. It is concluded that incorporation of 25% gelatin in a PTMC
network is a viable strategy to increase cellular interactions with the
network, while retaining sufficient mechanical properties for soft tissue
engineering applications.
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