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Abstract: Grafting polyethylene glycol (PEG) on polymers surface is widely used to improve bio-
compatibility by reducing protein and cell adhesion. Although PEG is considered to be bioinert, its
incorporation to biomaterials has shown to improve cell viability depending on the amount and
molecular weight (MW) used. This phenomenon was studied here by grafting PEG of three MW
onto polyurethane (PU) substrata at three molar concentrations to assess their effect on PU surface
properties and on the viability of osteoblasts and fibroblasts. PEG formed a covering on the sub-
strata which increased the hydrophilicity and surface energy of PUs. Among the results it was observed
that osteoblast viability increased for all MW and grafting densities of PEG employed compared with unmod-
ified PU. However, fibroblast viability only increased at certain combinations of MW and grafting densities
of PEG, suggesting an optimal level of these parameters. PEG grafting also promoted a more spread cell
morphology than that exhibited by unmodified PU; nevertheless, cells became apoptotic-like as PEG
MW and grafting density were increased. These effects on cells could be due to PEG affecting culture
medium pH, which became more alkaline at higher MW and concentrations of PEG. Results support
the hypothesis that surface energy of PU substrates can be tuned by controlling the MW and grafting
density of PEG, but these parameters should be optimized to promote cell viability without induc-
ing apoptotic-like behavior.
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1. Introduction

Grafting polyethylene glycol (PEG) onto polymeric materials has been widely used
to improve their hydrophilicity and biocompatibility [1-3]. This is the case of polyure-
thanes (PUs), which are extensively used in biomedical applications due to their very
good mechanical properties and safety [4]. However, the low hydrophilicity of most PUs
reduces their biocompatibility, cell adhesion and may lead to thrombosis [5-8]. Thus,
PEG-grafted PU with improved hydrophilicity and biocompatibility have been reported
[9-13]. The most accepted mechanism for increasing the PU biocompatibility trough
PEGylation is related to a volume exclusion effect created by water molecules bounded to
grafted PEG on the substrate surface; which modulates the interaction of proteins and
other molecules with material surface [14-16]. The volume excluded depends mainly on
the quantity of water molecules adsorbed by the PEG chains; thus, the main factors for
regulating this exclusion effect are both PEG grafting density and the molecular weight
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(MW) of the PEG used [17]. Although a high volume exclusion can lead to a stealthing
effect on the substrate creating a bioinactive surface [18,19], the bioactivity of polymer
surfaces can be maintained and even improved with an appropriated amount of PEG [20-
22]. Therefore, by adjusting the MW and grafting density of PEG onto PU substrates the
cell response could be improved. For example, Wang et al. [23] and Tang et al. [24] re-
ported that the viability of some types of cells increased with higher concentrations of
PEG on PEGylated substrates. Also, Cai et al. [25] reported an increase in the adhesion,
proliferation and activity of MC3T3 osteoblasts onto PEG-grafted polypropylene
fumarate which increased with the grafting density of PEG up to a certain concentration;
further increase on the PEG grafting density decreased those parameters. On the other
hand, Mao et al. [26] and Kasalkova el al. [27] showed that higher MW of PEG on PEG-
grafted copolymers promoted an increase on the viability of L929 fibroblasts and vascular
smooth muscle cells, respectively.

Regardless this, most works on PEGylated PUs have focused on the improvement of
their biocompatibility by reducing the protein adsorption and cell adhesion [14,28-32].
However, the effect of the grafting density and MW of PEG on the surface properties and
increased viability exhibited by osteoblast and fibroblast cells in PEGylated PUs has not
been reported. Thus, in this work PEGylated PU substrates were synthesized to evaluate
the effect of both PEG grafting density and MW on PU surface properties and on the via-
bility and morphology of fibroblasts and osteoblasts.

2. Materials and Methods
2.1. Materials

Polyethylene glycol samples with molecular weights of 2 kDa, 6 kDa, and 10 kDa
were supplied by Sigma-Aldrich; (referred as PEG2, PEG6 and PEG10, respectively). Hex-
amethylene diisocyanate (HMDI, 98%), triethylamine (TEA, 99%), toluene (99.5%) and tet-
rahydrofuran (THF, > 99%) were also purchased from Sigma-Aldrich and Tecoflex™ SG-
80A was obtained from Lubrizol.

2.2. Polyurethane substrates preparation

PU substrates were prepared from segmented polyurethane Tecoflex™ SG-80A by
solvent-casting technique. A solution of PU in THF (1:15 w/v) was magnetic stirred for 24
h at room temperature; this solution was then poured in Petri dishes and left for 48 h in
an extraction hood. Then, the substrates were dried for 24 h at 60 °C in a vacuum oven.

2.3. PEG grafting modification of PU substrates

The grafting of PEG onto PU substrates was performed following the procedure re-
ported by Freij-Larsson and Wesslén [33]; the reaction mechanism is illustrated in Figure
1. Briefly, a solution of HMDI/TEA (3:1 v/v) in toluene (30 mL) was heated to 50 °C; then
PU substrates were placed in the solution for 1 h with magnetic stirring under nitrogen
atmosphere. After this, substrates were rinsed with fresh toluene and immersed in a PEG-
toluene solution (30 mL) at 40 °C for 24 h. Then, substrates were rinsed again with toluene
and left to dry in an extraction hood for 72 h. Finally, modified substrates were dried in a
vacuum oven for 48 h at 55 °C to remove the residual toluene. HMDI and PEG (2 kDa, 6
kDa or 10 kDa) were added at three different equimolar amounts (0.05, 0.10 and 0.15
mmol) per 1 g of PU.
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Figure 1. Grafting reaction of PEG onto PU substrates. a): one isocyanate group of HMDI reacts with
the secondary amine of the urethane group to yield allophanate linkages remaining an isocyanate
group unreacted (first step); b): one hydroxyl group from PEG reacts with the free isocyanate group
obtained in the previous stage to yield a new urethane linkage (second step).

2.4. Physicochemical characterization
2.4.1. Fourier Transform Infrared spectroscopy (FTIR)

FTIR spectra of the substrates were obtained using a ThermoFisher Scientific Nicolet
8700 spectrometer equipped with an attenuated total reflectance (ATR) accessory of ZnSe.
The analysis was performed from 4000 cm! to 650 cm! spectral range with a resolution of
4 cm averaging 100 scans.

2.4.2. Thermogravimetric analysis (TGA)

TGA curves were obtained using a Perkin-Elmer TGA 8000 equipment. The heating
rate used was 10 °C/min from 50 °C to 650 °C under nitrogen atmosphere. Samples mass
was 10 mg.

2.4.3. Scanning electron microscopy (SEM)

The topography of the substrates was observed by scanning electron microscopy
(SEM) with a JEOL JSM-6360LV microscope using an acceleration voltage of 20 kV. Sam-
ples were coated with a thin layer of gold and observed at 25 °C.

2.4.4. Contact angle and surface free energy measurements

The static contact angles of sessile drops (5 pL) of distilled water, glycerol and diio-
domethane on PU substrata were measured in a ramé-hart 250-U1 goniometer at room
temperature. The Van Oss and Good model was used to determine the surface free energy
of the substrata, including dispersive and polar components, using the following equa-
tions [34,35]:

1
51+ cosO)y, = GV 2+ (vdyD) 2 + (rsvi) (1)

Vi = 208y) 2 )
where O represents the contact angle, y, is the surface free energy of liquid,
Y II:W: YL,V If are the corresponding dispersive, basic and acid components of the surface
free energy of the liquid, whereas )/SlfW, )/5143 ,¥s,Ys arethe dispersive, polar, basic and
acid components of the solid surface free energy, respectively.

2.4.5. Atomic force microscopy (AFM)
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AFM images of the substrates surfaces were obtained with a Bruker INNOVA micro-
scope using a TESP nanoprobe silicone tip (spring constant of 42/Nm and 2 nm tip radius).
The analysis was performed in tapping mode with a resonant frequency of 320 kHz and
a scanning frequency of 0.3 Hz at room temperature. Scanning area (20 pm x 20 pm) was
divided into four sub-areas (10 pum x 10 um) from which roughness was obtained using
the Nanoscope Analysis software.

2.5. Cellular studies
2.5.1. Cell Culture

Mouse osteoblasts and human fibroblasts were maintained in Dulbecco’s Modified
Eagle’s Medium (DMEM) supplemented with 10% fetal bovine serum, 1% penicillin-
streptomycin at 37 °C and 5 % CO2; osteoblastic medium contained 50 pg/mL of ascorbic
acid. At 80% confluence, cells were detached with a solution of 0.25% trypsin-EDTA. Vi-
able cells were counted using a mixture of trypan blue and cell suspension (1:1) in a he-
mocytometer (Neubauer cell chamber).

2.5.2. Cell Viability

Viability of the cells was evaluated by indirect tests using extracts of the materials
under standardized conditions (ISO 10993-5). PU substrates were UV-sterilized and
washed with phosphate-buffered saline (PBS); and then placed in culture medium at a
100:2.5 (mg/mL) ratio, and incubated under standard culture conditions for 3 days. Cells
were seeded in 96-well plates at a density of 5 x 10° cells per well and incubated for 24 h
in 100 pL of cell culture medium. After this, culture medium was replaced with 100 pL of
the extracts from the substrates and incubated for 24 h; cells cultured with regular culture
medium were used as control. Then, 20 pL of CellTiterBlue was added to the wells and
incubated for 4 h. Afterward, absorbance was measured in a Cytation 3 plate reader (Bio-
Tek) at 570 nm and the viability of the cells was calculated with the following equation:

Cell viability (%) = ——4n

A, — A,

where A is the absorbance of the test well and, Ap and An are the absorbance of the positive
and negative controls, respectively.

x 100 3)

2.5.3. Crystal violet staining

Cells from the viability assays were stained with crystal violet to observe their mor-
phology; for this, the cells were rinsed twice with PBS and fixed with 50 pL of methanol.
Then, methanol was withdrawn and 50 uL of crystal violet solution 0.4% was added to
the wells and incubated for 10 min. Finally, the cells were rinsed with distilled water and
observed in a Labomed TCM 400 microscope.

2.6. Statistical analysis

Data were analyzed by one-way ANOVA, with a Tukey’s multiple comparison tests
in the software Origin (2008) with a significance of p < 0.05.

3. Results
3.1. Spectroscopic analysis

FTIR spectra of the samples (untreated and treated polyurethanes substrata, and
PEG) are presented in Figure 2. Tecoflex™ exhibited bands at 3325 cm™ (N-H stretching
vibration), 2934 and 2852 cm (CH2 asymmetric and symmetric stretching vibrations),
1717 cm (C=0 stretching vibration, amide I), 1528 cm™ (amide II, C—N stretching bend
and N—H in-plane deformation bend), and 1111 cm! (C-O asymmetric stretching vibra-
tion). On the other hand, the PEG spectra (PEG2, PEG6, and PEG10) showed the charac-
teristic bands at 3423 cm™ (O-H stretching vibration), 2877 cm ! (C-H stretching vibration),
1342 cm™ (O-H bending vibration), and 1096 cm (C-O-C stretching vibration); no signifi-
cant differences were detected among them.
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Interestingly, spectra of the modified PU substrata resemble to that of PEG, as the
PEG molar concentration is increased. In this manner, the grafted substrata show a de-
crease in the absorption bands located at 2934 and 1717 cm™ and the appearance of a peak
at 1342 cm which is absent in the pristine PU. Additionally, the band at 1111 cm, related
to C-O stretching vibration, is shifted to lower wave numbers and the band at 2852 cm!
show the opposite behavior as the PEG concentration increases in the grafted substrata,
which suggests that the amount of PEG on the modified substrata is increased.
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Figure 2. FTIR-ATR spectra of the PU substrata and PEG. As grafting density is increased, the spec-
tra of the substrata look more similar to PEG spectra, indicating that there is a higher amount of
PEG chains present. a): PEG 2 kDa; b) PEG 6 kDa; ¢) PEG 10 kDa.

Grafting reaction occurs onto urethane bonds of PU yielding allophanate bonds due
to the reaction of an isocyanate from HMDI with the secondary amine of urethanes. Thus,
in order to assess the formation of allophanate groups, a deconvolution analysis was per-
formed on the carbonyl bands of the substrates (see Figure S1). As noted, the carbonyl
band of the substrata is formed by the contribution of three absorption peaks located at
1719 cm (A) associated with free carbonyl stretching vibration, 1695 cm-! (B) related to
the hydrogen-bonded carbonyl stretching vibration, and 1663 cm™ (C) due to the carbonyl
from the urea-like substructure of allophanate groups [36,37]. The ratio C/(A+B) increased
for all the grafted-PU compared to PU (see Table S2); which suggests that the number of
allophanate linkages increased with respect to the urethane bonds.
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3.2. Thermogravimetric analysis

Degradation temperatures of PU, PEGs and PEG-grafted substrata are reported in
Table S3. PUs have a segmented structure: hard segments, formed by a diisocyanate and
a chain extender, and soft segments that can be a polyol, polyether or polyester [38]. Thus,
PU is thermally degraded in two steps which were located at 340 and 413 °C; these stages
are associated with the degradation of the hard segment (Td1) and the soft segment (Td2),
respectively. On the other hand, PEGs are degraded in a single step at 405, 413 and 417 °C
for PEG2, PEG6 and PEGI10, respectively. In general, the thermal stability of the PEG-
grafted substrata decreased with respect to PU; however, this effect is less appreciated as
the MW and grafting density of PEG increased.

3.3. Surface Topography

SEM images (Figure 3) show the surface topology of all samples; unmodified PU re-
vealed a smooth surface but PEG modified PUs show rough surfaces depending on the
MW and grafting density of PEG. In general, topography of the substrata changed grad-
ually from a slightly rough one at the lower PEG concentration (0.05 mmol) to topogra-
phies exhibiting cracks and ridges as PEG grafting density increased, which suggests that
the influence of the grafting density on the topography is higher than that of the MW of
PEG. The AFM images in Figure 4 corroborates that the topology of the substrata becomes
more irregular by the grafting of PEG. It can also be observed the formation of larger PEG
domains on the PU substrates as the MW of PEG increases.

PU

PU-PEG2 0.05 PU-PEG20.10 PU-PEG2 0.15

¥

PU-PEG6 0.05 PU-PEG6 0.10 PU-PEG6 0.15

PU-PEG10 0.05
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Figure 3. SEM images of the PU substrata. A PEG covering is formed on the surface of the substrates.

5 10

PU-PEG2 0.05 PU-PEG2 0.10 PU-PEG2 0.15

Figure 4. AFM images of the unmodified and grafted PU substrata.

3.4. Contact angles and surface free energy

Contact angles of sessile drops on the substrata surfaces are presented in Figure 5a.
Water and glycerol contact angles on PU are similar (~70°); however, diiodomethane ex-
hibits lower values due to its non-polar characteristics. As PEG was grafted onto PU sur-
face, the values of contact angle for all testing liquids diminished; even more, the values
tend to decrease with grafting density for all MW of PEG. The decrease in the contact
angles of sessile drops of water and glycerol suggests that the hydrophilicity of the sub-
strates increased with the PEG grafting concentration; this characteristic was more evident
when the molecular weight of PEG was lower (PEG2). On the other hand, the decrease in
contact angles with diiodomethane sessile drops suggest that the hydrophobic affinity of
substrata was also increased. Figure 5b shows the calculated total surface free energy of
the substrata, which increased with the grafting density and MW of PEG. Moreover, polar
and dispersive components also increased with the concentration and MW of PEG.
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Figure 5. a): Contact angles of the unmodified and PEG-grafted PU substrata with water, glycerol
and diiodomethane; b): Surface free energy of the substrata obtained with van Oss and Good model.
SE: surface energy; Ys LW: dispersive component; Ys AB: polar component.

3.5. Cell viability and morphology

The viability of osteoblasts and fibroblasts in contact with extracts of substrata is pre-
sented in Figure 6a and Figure 6b, respectively. As it can be seen, none of the samples
exhibited a lower viability than the cell culture without exposition to the extracts (CWE),
which was taken as reference of 100% viability. It is interesting to note that osteoblasts
presented higher viability than that of CWE for all the substrates; even more, grafted sub-
strata yielded higher viability than unmodified PU. However, no significant difference
between the distinct concentrations and MW of PEG was observed on osteoblast viability;
only PU-PEG10 0.15 promoted a higher viability compared with the other PEG-grafted
substrata. On the other hand, the viability of fibroblasts was not affected neither by the
lower MW (2 kDa) nor the lower concentrations (0.05 and 0.10 mmol) of intermediate MW
(6 kDa) of PEG; nevertheless, it increased for PU-PEG6 0.15. Highest MW of PEG (10 kDa)
promoted a higher fibroblasts viability, but it decreased as the grafting density increased.
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Figure 6. Cell viability of osteoblast (a) and fibroblast (b) cells by indirect contact with PU and PEG-
grafted substrata for 24 h. (*): statistical difference (p < 0.05).

Although none of the extracts were cytotoxic, the morphology of osteoblasts and fi-
broblasts was different when cells were cultured with extracts of these grafted substrata
(see Figure 7 and Figure 8); In this sense, osteoblasts and fibroblasts presented an irregular
and shrunken morphology when these cells were brought into contact with the extracts
derived from unmodified PU. On the other hand, when these cells were cultured with the
extracts of the PEG-grafted PUs, they exhibited a more extended morphology, similar to
that of CWE; however, some cells showed a rounded morphology with PEG-grafted sub-
strata. Interestingly, the number of rounded cells increased with the increment in the MW
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and grafting density of PEG; even more, the number of cells was reduced with PU-PEG10
0.15 extracts and all these cells presented a round shape. It should be mentioned that some
of the round-shaped cells also presented membrane blebbing as shown in Figure 7-40x
and Figure 8-40x, which seems to indicate that these cells were in apoptosis. Interestingly,
more rounded and apoptotic-like cells can be observed as MW and grafting density of

PEG increase, while the number of viable cells is reduced.
PEG concentration (mmol)

10x
0.10

PEG MW (kDa)

40x

PEG MW (kDa)
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Figure 7. Microscopic images of crystal violet-stained osteoblasts in contact with extracts of the PEG-
grafted PU substrata. Increasing MW and grafting densities of PEG promotes a higher number of
rounded cells. CWE: cells without exposition to the extracts. Arrows indicate cells with membrane
blebbing.

10x

PEG MW (kDa)

PEG concentration (mmol)

0.05 0.10 0.15

PEG MW (kDa)

Figure 8. Microscopic images of crystal violet-stained fibroblasts in contact with extracts of the PEG-
grafted PU substrata. Increasing MW and grafting densities of PEG promotes a higher number of
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rounded cells. CWE: cells without exposition to the extracts. Arrows indicate cells with membrane
blebbing.

4. Discussion

As mentioned before, the two main factors that influence the surface properties of
PEGylated surfaces are grafting density and MW of PEG; thus, the effect that these pa-
rameters have on the surface properties of PU substrata as well as on the viability and
morphology of osteoblasts and fibroblasts was investigated. For this, a two-step reaction
was used to grafting PEGs of 2, 6 and 10 kDa onto PU substrates at the molar concentra-
tions of 0.05, 0.10 and 0.15 mmol/g; we previously demonstrated that the grafting reaction
took place and PEG was successfully grafted onto PU substrates by the modification of
the urethane linkages with and isocyanate group of HMD], yielding allophanate groups
[39].

FTIR spectra revealed the incorporation of PEG chains onto the PU substrata being
the spectra of the grafted substrates were more similar to that of PEG as the molar con-
centration of PEG increased, which confirms that the grafting density increased. The for-
mation of allophanate linkages in the grafted PUs was also confirmed by the increase of
the intensity of the IR band associated to these groups, and by the reduction on their ther-
mal stability with respect to unmodified PU [40]. The decrease in Td1 of the grafted sub-
strata was lower as the MW of PEG increased due to the higher thermal energy required
to decompose larger molecules. This suggest that the amount of PEG on the substrates
was increased.

As expected, the hydrophilicity and surface free energy of PEG-grafted substrata was
higher than unmodified PU, due to the PEG covering on their surfaces revealed by SEM
and AFM analysis; this covering became more irregular as the MW and grafting density
of PEG increased. This effect is a consequence of the higher density and larger PEG chains
that increase the mass of the covering on the substrates (confirmed by FTIR and TGA
analysis) that creates bigger PEG domains on the surface of PU substrata as observed by
AFM. The increment in both polar and dispersive components of the surface free energy
are due to the amphiphilic nature of PEG, which contains polar (ether group that acts as
a basic polar domain) and non-polar (-CHz-CH>-) domains [41,42]. Based on these results,
it is clear that the surface characteristics of PU can be tailored by choosing the MW and
grafting density of anchored PEG.

Results obtained from the biological characterizations revealed a positive effect of
PEG on the viability of osteoblasts and fibroblasts, since the viability of osteoblasts in con-
tact with the extracts of grafted-substrata was higher than the control and unmodified PU,
this behavior was also displayed by fibroblasts cultured with the extracts from the higher
MW and grafting densities of PEG. Thus, the amount and MW of PEG seem to be affecting
the viability of the cells. In a previous work we found that the increase in the viability of
osteoblasts was caused by an increase on the pH of culture medium related to PEG con-
centration, and this effect was due to that PEG interacts with CO2 molecules [39]. There-
fore, an experiment was conducted to evaluate the effect of PEG MW on the pH of the
culture media. Thus, PEG of the three MW used for the preparation of the grafted sub-
strata were added to DMEM at three mass concentrations (1, 2 and 3 mg/mL) and pH of
the culture mediums was measured; data is presented in Table 54. It was found that as
PEG MW increased, lower molar concentrations led to similar pH increments than that
exerted by PEG of the lower MW (PEG2); this could be related to the number of ether
groups present in the medium i.e., as MW of PEG increase, the number of ether groups
contained in a single PEG molecule will increase due to the higher number of repetitive
units (-CH2-CH2-O-). Hence, smaller molar concentrations would cause a similar number
of PEG-CO: interactions in the cell culture medium. In consequence, PEG chains released
by the grafted substrata would have a different impact on the pH of the culture medium
depending on the MW of PEG, yielding a more alkaline pH for higher MW. As bone func-
tions as an alkaline buffer reserve, osteoblasts participate in the acid-base homeostasis
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[43]; therefore, osteoblasts become more active at an alkaline microenvironment, which
results in a higher viability. On the other hand, fibroblasts do not participate in pH home-
ostasis in the way osteoblasts do; however, they are still affected by pH variations [44,45],
but the underlying mechanism by which it happens would be different. It has been re-
ported that human fibroblasts can tolerate and proliferate in an alkaline pH, and that the
optimal pH for their growth ranges from 7.5 to 7.8 [46,47]. This would explain why the
viability of fibroblasts increased with PU-PEG6 0.15, PU-PEG10 0.05 and PU-PEG10 0.10
samples, as the pH of the extracts from these samples might fall in the optimal range for
fibroblasts growth.

In spite of the viability results, the morphology of the cells was affected suggesting
the presence of apoptotic events in some cells by the increment in MW and grafting den-
sity of PEG. This could be due to the pH increment discussed before, as it would put the
cells in a state that is out of physiological conditions which stresses the cells. Similar to
what we found, Lie et al. [48] reported a higher growth of human fibroblasts at a pH
around 7.8, but also that their morphology was affected by an increased pH, showing the
accumulation of membrane-bound bodies and autophagic vacuoles, characteristic of
apoptotic processes. One possible reason for these effects (increased viability but apop-
totic morphology) besides that some enzymes and growth factors have an optimal activity
at alkaline pH, is related to the influence of pH on intracellular Ca?* concentration ([Ca2];).
Alkaline pH have shown to raise [Ca?']i levels due to an upregulated activity of Ca?* chan-
nels at the cell membrane [49-51]. This higher [Ca?]i can increase mitochondrial activity,
leading to higher viability and proliferation of the cells; however, increased levels of Ca?*
that are sustained for long periods or Ca? overloads of can also trigger apoptotic mecha-
nisms due to an increase in the generation of reactive oxygen species (ROS) and the acti-
vation of caspases [49,52-54]. Therefore, though an alkaline pH can induce apoptosis as
the results suggest, the viability of the cells would not be decreased since it stimulates
growth and activity of osteoblasts and fibroblasts. Nonetheless, more studies are required
to corroborate this hypothesis.

5. Conclusions

PU substrates were successfully modified by the grafting of PEG of different MW
and at different molar concentrations. FTIR spectroscopy confirmed the presence of PEG
on the modified substrates and that the grafting reaction occurred at the urethane bonds
of the hard segment of PU; this was also confirmed by TGA results. It was also found that
the grafting yielded a PEG covering onto PU substrata which modified their topography
and increased their hydrophilicity and surface free energy as the MW and concentration
of PEG increased.

PEG grafting improved the biocompatibility of PU; which is supported mainly by the
higher viability exhibited by osteoblasts as well as by the healthier morphology presented
by both fibroblasts and osteoblasts cultured using extracts of the materials. Results also
show that pH of culture medium increases due to both MW and grafting density of PEG,
which was the reason of the increased cell viability; however, this could potentially trigger
apoptosis on cells. Finally, it was demonstrated that the surface free energy, the topogra-
phy, and cell behavior of PU substrata can be tuned by the MW and density of PEG grafted
onto them.

Supplementary Materials: The following supporting information can be downloaded at:
www.mdpi.com/xxx/s1, Figure S1: Deconvolution of the carbonyl bands from unmodified and PEG-
grafted substrata; Table S2: Band ratios of carbonyl bands from unmodified and PEG-grafted sub-
strata; Table S3: Decomposition temperatures (Td) of PU, PEG and PEG-grafted substrata; Table S4:
pH measurements of culture medium (DMEM) with the PEG diluted.
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