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Temperature-responsive polyurethane (PU) hydrogels represent a versatile
material platform for modern tissue engineering and biomedical applications.
However, besides intrinsic advantages such as high mechanical strength and
a hydrolysable backbone composition, plain PU materials are generally lacking
bio-adhesive properties. To overcome this shortcoming, the authors focus on
the synthesis of thermoresponsive PU hydrogels with variable mechanical and
cell adhesive properties obtained from linear precursor PUs based on
poly(ethylene glycol)s (pEG) with different molar masses, isophorone
diisocyanate, and a dimerizable dimethylmaleimide (DMMI)-diol. The cloud
point temperatures of the dilute, aqueous PU solutions depend linearly on the
amphiphilic balance. Rheological gelation experiments under UV-irradiation
reveal the dependence of the gelation time on photosensitizer concentration
and light intensity, while the finally obtained gel strength is determined by the
polymer concentration and spacing of the crosslinks. The swelling ratios of
these soft hydrogels show significant changes between 5 and 40 °C whereby
the extent of this switch increases with the hydrophobicity of the precursor.
Moreover, it is shown that the incorporation of a low amount of catechol
groups into the networks through the DMMI dimerization reaction leads to
strongly improved cell adhesive properties without significantly weakening

the gels.

1. Introduction

Thermoresponsive hydrogels are one of the most promising ma-
terial platforms for modern biomedical applications with a scope
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ranging from nanomedical drug carriers
to 3D in vitro models and tissue engi-
neering applications.l"?] Especially in the
latter cases, it is crucial to provide soft
materials which resemble the biological
extracellular matrix. To ensure an efficient
nutrient and waste transport as well as
tissue-like mechanical properties, this
requires hydrogels with swelling ratios
between 50-85 wit%.2# Depending on
the respective application, the adaptive
hydrogels should further be cell adhesive,
biodegradable, and exhibit robust and
distinct thermoresponsive properties.

While natural hydrogels such as protein
gels usually fulfill the bio-related require-
ments, their weak mechanical properties as
well as the batch-to-batch variations result-
ing from their animal-based origins limit
the application scope.>®! In contrast, the
chemical and mechanical properties of syn-
thetic hydrogels are by far easier to ad-
just to the application specific demands.
However, synthetic materials are usually
bioinert, and cell-adhesion must be en-
abled through additional bio-linkers or coat-
ings that allow interactions with cell surface
receptors.” 1% Due to these complementary properties, the de-
velopment of hydrogel platforms that combine the advantages of
natural and synthetic materials is an ongoing challenge for ma-
terials scientists.

Regarding the thermal adaptivity of responsive hydrogels,
poly(N-isopropylacrylamide) (pNiPAm) is still the most common
polymer backbone due to its sharp volume phase transition (VPT)
close to the physiological temperature range in aqueous media.
Nevertheless, it has drawbacks. Although much progress was
achieved with respect to the often insufficient mechanical perfor-
mance of pNiPAm-based hydrogels,'!! fundamental issues such
as the non-degradability of the vinyl backbone remain.!'?! To pro-
vide versatile alternatives, thermoresponsive polyurethane (PU)
hydrogels received increasing interest. The general biocompat-
ibility of PU materials is widely established and enabled vari-
ous medical applications ranging from controlled drug delivery
carriers!’*%] to promising or already commercialized materials
for blood contacting devices like prosthetic heart valves.['® In
these materials, the urethane groups in the polymer backbone are

[7-10
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not only responsible for the often superior mechanical strength
of PU networks but are also intrinsically hydrolysable.[1*17-1]

To obtain thermoresponsive PUs, the combination of a hy-
drophilic oligomeric diol (soft segment) and a hydrophobic di-
isocyanate (hard segment) has been established as versatile de-
sign approach. Due to its commercial availability, pronounced
hydrophilicity and nontoxicity, poly(ethylene glycol) (pEG) be-
came the most commonly applied soft segment. As shown by Fu
et al.,, the variation of the polyether molar mass and thus the mo-
lar ratio of hydrophilic and hydrophobic segments allows for an
easy variation of the lower critical solution temperature (LCST)
of such amphiphilic PUs in aqueous solution.[’®] Nevertheless,
it should be noted that their turbidity measurements showed
a rather broad (~10 °C) and partially incomplete LCST transi-
tion in comparison to pNiPAm. This has been strongly improved
through the introduction of charged comonomers, which further
allowed an even more flexible variation of the LCST, as demon-
strated by Sardon et al.l'>2]

To transfer the obtained insights from linear chains to 3D
crosslinked networks, PU hydrogels have either been obtained
in a crosslinking polymerization in the presence of a trifunc-
tional comonomer!!7222] or through the consecutive crosslink-
ing of linear precursor polymers with reactive side-groups./20]
As shown in the studies of Frydrych et al. and Li et al., the absolute
swelling ratio of such PU gels can be variated through the molar
mass of the polyether soft segment in both cases. The compari-
son of the equilibrium swelling ratios Q (in wt%) at 4 and 40 °C
demonstrates a Q, o/ Q, - sWitching of ~100% in a purely pEG
based system!'’] while up to 600% can be achieved through the
implementation of oligo(ethylene glycol) side chains as demon-
strated by Aoki and Ajiro.[2?!

Despite the numerous improvements achieved with respect to
the processability, mechanical performance, and thermal adap-
tivity of pEG-based PU hydrogels, strategies to achieve cell adhe-
sion have been rarely implemented. To overcome this limitation,
in the present work, we apply the modular design principles es-
tablished for thermoresponsive PUs to create hydrogels with ad-
justable mechanical strength and thermoresponsiveness that can
additionally be bio-activated through the covalent attachment of
cell-adhesive groups. As a consecutive crosslinking strategy pro-
vides a greater flexibility with respect to the material’s process-
ability, we focus on the synthesis of linear PUs based on pEG and
isophorone diisocyanate (IPDI). To avoid unspecific crosslink-
ing, toxic catalysts or a strong pH dependency, an uncharged
dimethylmaleimide (DMMI) comonomer is incorporated as a re-
active side-group which undergoes a dimerization reaction in the
presence of a photosensitizer and UV light.[**! To improve the
cell adhesion on these gels, we further attach arginine-glycine-
aspartate- (RGD) amino acid sequences and catechol groups to
the network through the identical DMMI dimerization reaction.

2. Results and Discussion

2.1. Thermoresponsive, UV-Crosslinkable Polyurethanes

Linear PUs are synthesized in a prepolymer procedure starting
from pEG diols with differing molar masses (M, =~ 1.0 (1a),
1.5 (1b), 2.0 (1c), and 4.0 (1d) kgemol™) that are added to the
asymmetric isophorone diisocyanate (IPDI) 2 and converted into
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the corresponding macrodiisocyanates (pEG/IPDI) 3a—d by reac-
tion with the cycloaliphatic, secondary isocyanate group under
organo-tin catalysis (Figure 1A).1-?] To incorporate dimerizable
DMMI-groups, 2,3-dimethyl maleic anhydride 10 is first attached
to a hydrophilic triethylene glycol linker 9, which is coupled with
the acetonide protected 2,2-bis(hydroxymethyl)propionic acid 14
as shown in Scheme S1, Supporting Information. The deblocked
DMMI-diol 4 is then applied as chain extender for the pEG diiso-
cyanates 3a-d. Size exclusion chromatography (SEC) measure-
ments of the pEG diols 3a—d and the obtained linear PUs 5a—e
demonstrate moderately effective but sufficient chain elongation
efficiencies as summarized in Table 1 and Figure S2, Supporting
Information.

The molar ratios between the hydrophilic ethylene glycol (EG)
units of the pEG backbone and the hydrophobic IPDI-DMMI
blocks are investigated by 'H-NMR spectroscopy. Comparing the
characteristic signals of the DMMI methyl groups (1.89 ppm),
the IPDI cycloaliphatic methylene- and methyl-groups (1.19-
0.06 ppm) and the pEG backbone (3.76-3.40 ppm) reveals the
intended increase of the molar content of hydrophilic EG groups
with the molar mass of the polyether (Table 1 and Figures S20—
S24, Supporting Information). To enable an even finer varia-
tion of the hydrophilic-to-hydrophobic balance than accessible
through the commercially available pEG diols, the molar feed ra-
tio between pEG and DMMI is additionally varied from 1:1 to
1:2.3 for pEG-1.5k (PU-1.5k%¢ 5b). The 'H-NMR analysis verifies
that this approach is another facile option to alter the PU compo-
sition. All experimental details and full characterizations can be
found in the Supporting Information.

To investigate how the variation of the amphiphilic balance in-
fluences the thermoresponsivity, the cloud point temperatures
Tp are determined through UV-Vis transmittance measure-
ments in dilute aqueous solutions (Figure 1B). As shown in Fig-
ure 1C, the cloud point temperatures depend linearly on the
molar ratio between hydrophilic EG and hydrophobic IPDI and
DMMI groups and can be varied from 5 to over 90 °C. In accor-
dance with the observations reported by Li et al. and Ronco et al.,
the turbidity curves depicted in Figure 2B also reveal a sharper
and more pronounced LCST transition for the more hydropho-
bic PU compositions.[2023]

2.2. Gelation and Mechanical Properties

Further on, the UV-induced crosslinking of the linear precursor
polymer solutions in the presence of the photosensitizer thiox-
anthone disulfonate (TXS) is investigated by linear shear rheo-
logical experiments. Applying PU-4.0k 5e (cpy = 100 geL71) as
a representative example, the gelation time in terms of the G'-
G” crossover is determined as Lo = 8 min at a TXS concentra-
tion of 1 mm and an irradiation aperture of 1%, and is shown to
be temperature independent between 5-20 °C (Figure S3, Sup-
porting Information). When the TXS concentration is reduced to
0.1 mm while the irradiation intensity is kept constant at 1%, the
gelation time increases to 68 min while the obtained gel strength
remains constant. The gelation time at the lower TXS concentra-
tion (0.1 mm) can however be reduced to 7 min if the irradiation
aperture is increased to 10%. This qualitative parameter screen-
ing demonstrates how the gelation time of the DMMI crosslinked
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Linear PU Precursor Polymers
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Figure 1. A) Synthesis of linear pEG/IPDI-based PUs with DMMI pendant groups (5a—e). B) Turbidity measurements of PU-1.0k 5a (Hll, pink), PU-1.5k%¢
5b (@, red), PU-1.5k 5¢ (@, orange), PU-2.0k 5d (A, green), and PU-4.0k 5e (W, blue) in water (5 geL™"). C) Cloud point temperatures as a function
of the molar ratio between EG, IPDI, and DMMI with linear regression (dashed line).

Table 1. pEG diols applied in the polymerization. Characterization of the synthesized PUs.

# M, (PEG diol) [kg mol~'1" M, kg mol=1}” oY e /Mieon Monana” T, [Cl
5a— PU-1.0k 0.88 6.3 1.5 29:2.7:1 5
5b — PU-1.5k%¢ 1.24 12.0 1.9 36:2.8:1 18
5¢ — PU-1.5k 1.24 12.4 1.8 47:3.3:1 28
5d — PU-2.0k 1.95 14.6 1.6 61:3.2:1 52
5e — PU-4.0k 4.22 30.3 1.5 140:4.5:1 >90

JseC (DMF, pEG calibration) D 1H.NMR analysis (EG: 3.76-3.40 ppm, 4H; IPDI: 1.19-0.06 ppm, 15H; DMMI: 1.89 ppm, 6H)

hydrogels can be readily adjusted by these two external parame-
ters.

Next, we investigate how the gel strength in terms of the
plateau modulus depends on the precursor polymer concentra-
tion of PU-4.0k 5e (T = 5 °C). As indicated in Figure 2A, no
stable gel is obtained below a concentration of cp; = 100 geL™!.
Above this gelation threshold, the plateau moduli increase ap-
proximately linearly from 200 to 3900 Pa with the polymer con-
centration (Figure 2B), as expected for affine and phantom net-
works. It should be noted though, that the precursor solutions

Macromol. Rapid Commun. 2021, 42,2100505 2100505 (3 of 8)

then become increasingly viscous (Figure 2A) which leads to in-
homogeneities and handling difficulties.

Further on, we compare the mechanical properties of hy-
drogels obtained from the different precursor polymers (c,; =
100 geL~1). PU-1.0k 5a is excluded from all further experiments
due to its incomplete dissolution in water at higher polymer con-
tents. As shown in Figure 2C, the time-dependent plateau mod-
uli clearly demonstrate the dependency of the gel strength on the
average sticker spacing, which is mainly determined by the pEG
molar mass (Figure 2D). As expected, the PU-1.5k%¢ 5b hydrogel

© 2021 The Authors. Macromolecular Rapid Communications published by Wiley-VCH GmbH
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PU Gels — Mechanical Gel Strength
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Figure 2. A) Time-dependent complex viscosity of PU-4.0k 5e solutions under UV irradiation at a concentration of 75 (), 100 (V¥), 200 (A), and
300 goL~' (4p). Gelation occurs at a TXS concentration of 1 mwm, an irradiation aperture of 1% (320-500 nm), and at a temperature of 5 °C. B) Plateau
moduli as a function of the PU-4k concentration (same color code as before). C) Time-dependent storage G’ (closed symbols) and loss G” moduli (open
symbols) of PU-1.5k%¢ 5b (¢, red), PU-1.5k 5¢ (@, orange), PU-2.0k 5d (A, green), and PU-4.0k 5e (W, blue) hydrogels at a concentration of 100 geL~!
(T =5 °C). D) Schematic representation of the DMMI crosslinked PU networks.

shows the highest plateau modulus (1200 Pa), which decreases
with the pEG content and molar mass to 990 Pa (PU-1.5k 5c),
370 Pa (PU-2.0k 5d), and finally 200 Pa (PU-4.0k 5e). In sum-
mary, the concentration and precursor polymer dependent me-
chanical properties are qualitatively consistent with the expected
structure—property relations and allow an easy adjustment of the
gel strength between 200-4000 Pa though the precursor polymer
concentration and average sticker density.

2.3. Swelling Properties of PU Hydrogels

To investigate the temperature-dependent hydration behavior
(Figure 3A), the swelling degrees of PU gels crosslinked at cpy;
=100 geL~! are measured at 5, 20, and 40 °C after equilibration
for 12 h at each temperature. Note that the synthesized hydrogels
are thoroughly dialyzed beforehand to avoid interferences with
a potentially occurring sol fraction. It can first be observed that
the swelling degrees of the fully hydrated networks at 5 °C show
the same crosslinking-density dependency as the gel strength

Macromol. Rapid Commun. 2021, 42, 2100505 2100505 (4 of 8)

and increase from 2700% (PU-1.5k%) over 4100% (PU-1.5k) and
5000% (PU-2.0k) to 7800% (PU-4.0k) with increasing soft seg-
ment length (Figure 3B). This tendency is in accordance with the
findings reported by Li et al. and Frydrych et al. who also vari-
ated the pEG molar mass in chemically crosslinked PU hydro-
gels and investigated their temperature-dependent equilibrium
swelling.[1723]

The thermal responsiveness of the hydrogels is further eval-
uated by comparing the equilibrium swelling degrees at 5 and
40 °C. As depicted in Figure 3C, the temperature induced vol-
ume switch decreases around a factor two from (350 + 12)% (PU-
1.5k%6 5b) to (180 + 4)% (PU-4.0k 5e) from the most hydrophobic
to the most hydrophilic PU composition. This trend qualitatively
reflects the LCST behavior of the dilute precursor polymer solu-
tions which was shown to depend linearly on the balance between
hydrophilic EG and hydrophobic DMMI- and IPDI-monomers
(Figure 1C). However, within the crosslinked gels this depen-
dency is not as clearly pronounced and the volume switches of
the PU-1.5k%¢ and PU-1.5k gels even coincide within the mar-
gin of error. Note, that the considerable weighing error and small

© 2021 The Authors. Macromolecular Rapid Communications published by Wiley-VCH GmbH
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PU Gels — Thermoresponsivity
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Figure 3. A) Schematic representation of the temperature-induced hydrogel deswelling. B) Equilibrium swelling degrees and C) swelling degree switches
between 5 and 40 °C of PU-1.5k%¢ 5b (red), PU-1.5k 5c (orange), PU-2.0k 5d (green), and PU-4.0k 5e (blue) hydrogels crosslinked at a concentration of
100 goL~" and equilibrated for 12 h at 5, 20, and 40 °C. D) Microscope images of PU-1.5k%® gels at increasing temperatures.

sample number (performed in triplicate) limit the accuracy of the
swelling degree determinations in contrast to the turbidity mea-
surements. Nonetheless, in comparison to the formerly men-
tioned studies on similar PU hydrogels, it can be observed that
the volume switches between 5 and 40 °C of the pEG-2.0k- ((320
+ 7)%) and pEG-1.5k- ((350 + 12)%) based hydrogels signifi-
cantly exceed those reported by Li et al. (pEG-2.0k, ~100%)2*l and
Frydrych et al. (pEG-1.5k, #200%).127] This is likely caused by the
additionally incorporation of the hydrophobic DMMI-groups and
generally depends on the overall amphiphilic balance. As exem-
plarily shown for PU-1.5k%, the temperature-induced deswelling
is also accompanied by a significant size reduction correspond-
ing to 83% (25 °C), 69% (45 °C), and finally 63% (55 °C) of the
initial diameter at 5 °C (Figure 3D).

2.4. Bio-Linker Attachment and Cell Adhesion
To generate bio-adhesive hydrogel surfaces, we further investi-

gated the possibility to incorporate integrins such as catechol
groups or RGD sequences into the PU networks, since both

Macromol. Rapid Commun. 2021, 42,2100505 2100505 (5 of 8)

groups are known to promote cell adhesion. To keep the polymer
design simple, the initially incorporated DMMI side-groups are
also used for the attachment of these bio-linkers. For this pur-
pose, 3,4-(dihydroxyphenyl)propionic acid 16 is coupled with a
DMMI functionalized triethylene glycol linker 12 in an HATU
mediated amidation to obtain the DMMI-functionalized catechol
6 (Figure 4A and Scheme S2, Supporting Information). Analo-
gously, the RGD-alkyne derivate 23 synthesized by solid phase
peptide synthesis is coupled with a triethylene glycol-DMMI
azide linker 22 in a copper catalyzed azide-alkyne cycloaddition
(Figure 4A and Scheme S3, Supporting Information). The tri-
ethylene glycol linker ensures the water solubility of both bio-
linkers. The schematic incorporation of RGD-DMMI units in the
PU gel is shown in Scheme S5, Supporting Information. To fur-
ther ensure the mechanical integrity of the hydrogels and to allow
good material handling in the cell adhesion test, we changed the
polymer concentration from 100 to 200 geL 2.

Analytical evidence of the bio-linker incorporation into the
PU gels is provided by 'H magic angle spinning (MAS) NMR
spectroscopy (Figure 4B). The 'H MAS NMR spectra of thor-
oughly dialyzed PU-2.0k (200 geL™') gels with 0 mol% RGD

© 2021 The Authors. Macromolecular Rapid Communications published by Wiley-VCH GmbH
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PU Gels — Cell Adhesion Properties
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Figure 4. A) Scheme for the incorporation of RGD-DMMI (highlighted in purple) or catechol-DMMI (highlighted in orange) groups into the PU networks
to increase their cell adhesive properties. B) TH MAS NMR spectra of PU-2.0k gels (200 geL~") containing 0 mol% (i) and 25 mol% RGD-DMMI (ii) in
D,0 and "H solution NMR spectrum of DMMI-RGD (jii) in D, 0. C) Mechanical strength of PU-2.0k gels (200 geL™1) with 0, 5, and 25 mol% RGD-DMMI
bio-linker. D) CLSM imaging of green-fluorescent cells (MG-63-GFP) after 24 h incubation (37 °C and 5% CO,) on PU-2.0k gels (200 geL~") with 0, 5,
and 25 mol% RGD, and 5 mol% catechol. For comparison, a control experiment with cells growing on polystyrene-based petri dishes with cell adhesive

properties is also shown. The scale bars refer to 50 um.

(i) and 25 mol% RGD (ii)(compared to the PU-DMMI groups)
are analyzed and compared to the 'H solution NMR spectrum of
pure RGD-DMMI 7 (iii). As shown in Figure 4B (ii) the 'H MAS
NMR spectrum is dominated by the PU backbone resonances,
but the additionally occurring signals at 7.87 ppm (triazole-CH),
4.58 ppm (triazoleN-CH,), 3.22 ppm (arginine NHCH), 3.06 ppm

Macromol. Rapid Commun. 2021, 42, 2100505 2100505 (6 Ofs)

(triazoleC-CH,CH,), and 2.73 ppm (triazoleC-CH,CH,) can be
assigned to the RGD-DMMI and indicate the successful incorpo-
ration into the network. An especially clearly visible example is
the resonance of the triazole proton at 6 = 7.82 ppm. The weak,
low field-shoulder observed in the reference spectrum in aque-
ous solution is presumably caused by a second tautomeric form
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of the triazole.[?#2%] Nonetheless, it can be noted that the signal
of the RGD-DMMI linker is shifted to § = 7.87 ppm inside the
gel and significantly broadened as shown by the increased full
width at half height fwhh (solution: fwhh = 2.42 Hz; gel: fwhh =
9.05 Hz). A similar broadening is observed for all related signals
and can be explained by the confinement in the gel pores result-
ing in reduced chain dynamics. An analogous measurement with
5 mol% RGD showing the same characteristic signals with lower
intensities is provided in the Figure S4, Supporting Information.

Since the DMMI groups that react with a linker molecule can-
not contribute to the 3D crosslinking reaction, it is further in-
vestigated how the attachment of RGD sequences influences the
gelation of the PU-2.0k gels (200 geL™'). As shown in Figure 4C,
the addition of 5 mol% RGD to the precursor solution does not
significantly affect the plateau modulus. If the concentration is
however increased to 25 mol%, a 40% lower plateau modulus
results. In addition to this investigation during the gelation pro-
cess, it is also probed how the incorporation of the catechol linker
influences the mechanical properties of the purified gels under
equilibrium swelling conditions (Figure S5, Supporting Informa-
tion). The results coincide with the former findings and demon-
strate that the applicable concentration range of the bio-linkers
is limited by the accessible number of DMMI groups in the PU
chains.

To analyze the cell adhesive properties of PU gels with RGD or
catechol bio-linkers, cell experiments are performed (Figure 4D).
For this purpose, green-fluorescent osteoblasts (MG-63-GFP) are
cultured on PU-2k gels (200 geL~!) with 0 and 5 mol% RGD and
catechol. After 24 h, the gels are analyzed by Confocal Laser Scan-
ning Microscopy (CLSM). The cells on the 0 and 5 mol% RGD
gels show a spherical morphology, indicating a low cell adhesion
capacity. By contrast, the cells on the 5 mol% catechol gels show
an elongated morphology comparable to the control experiment,
indicating a pronounced cell adhesion. Consequently, the ques-
tion arises as to why the cells adhere to the catechol-based but not
to the RGD-based PU-2k hydrogels. This is likely due to the in-
sufficient amount of integrins in the RGD-based polymer, as the
cells require a certain concentration of integrins to adhere.[3031]
Although the same concentration of RGD and catechol units
was used, the total integrin density in catechol is higher because
serum proteins from the culture medium adhere to the catechol
units, which have a higher number of integrin binding sites than
single amino acid sequences such as RGD.*231 To probe whether
an analogous behavior can be achieved at a higher RGD concen-
tration, the experiment is repeated with a 25 mol% RGD contain-
ing gel. However, as can be seen in Figure 4D, this increase in
concentration is still insufficient, which can be explained by the
decreasing mechanical gel strength. The more RGD sequences
are incorporated into the network, the fewer network junctions
can be formed which increases the swelling degree of the corre-
sponding hydrogels. Due to this counteracting behavior, an in-
crease of the RGD concentration does not efficiently increase the
RGD density in the network and thus prevents an improvement
of the cell attachment. Beyond that, sufficiently stable gels are not
obtained above 25 mol% RGD. Hence, it is not practicable to im-
prove the cell adhesion by a further increase of the RGD concen-
tration. Based on this comparison, the catechol linkers are found
to be a suitable way to increase the biocompatibility of the PU
hydrogels.

Macromol. Rapid Commun. 2021, 42,2100505 2100505 (7 of 8)

www.mrc-journal.de

3. Conclusion

In this study, thermoresponsive, pEG-IPDI based PUs with
dimerizable DMMI side groups are synthesized. The cloud point
temperatures of the dilute, aqueous PU solutions depend linearly
on the molar ratio between hydrophilic EG and hydrophobic IPDI
and DMMI groups and can be varied from 5 to over 90 °C. Soft
hydrogels are obtained through the UV-light induced crosslink-
ing of the precursor polymers in the presence of a photosensi-
tizer. The equilibrium swelling ratio (Qs.c = 2700-7800%) and
gel strength in terms of the plateau modulus (G’ = 200-4000 Pa)
are both determined by the precursor polymer concentration and
the average DMMI density. The swelling ratio switches of the
hydrogels (Qs.c/Q,0-c) reflect the cloud point temperature de-
pendency on the amphiphilic balance and increase from 180% to
350% for the more hydrophobic PU compositions. Furthermore,
the cell adhesive properties of these PU gels can be significantly
improved by incorporating low concentrations of a catechol bio-
linker through DMMI side groups without significantly affecting
the mechanical properties.

Supporting Information

Supporting Information is available from the Wiley Online Library or from
the author.
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