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Abstract The surface properties of a material in combi-

nation with the mechanical properties are responsible for

the material performance in a biological environment as

well as the behaviour of the cells which contact with the

material. Surface properties such as chemical, physical,

biological play an important role in the biomaterials filed.

In this work, the surface of a thermoplastic polyurethane

film (Elastollan�1180A50) was tailored with sulfonic

groups by grafting [2-(methacryloxyl)ethyl]-dimethyl-(3-

sulfopropyl)-ammonium hydroxide (SB) after a previous

surface activation either by Argon plasma or by ultra-violet

irradiation. This surface modification had the purpose of

improving cell adhesion in order to develop a biosensor

able to monitor cell behaviour. The surfaces were charac-

terized by X-ray photoelectron spectroscopy, by atomic

force microscopy and by contact angle measurements in

order to evaluate the efficiency of the modification. Addi-

tionally, blood compatibility studies and cell adhesion tests

with human bone marrow cells were performed. These

methods allowed the grafting of SB and the results indicate

that a higher density of grafting was achieved with previ-

ous surface plasma treatment than with UV irradiation.

However, for both techniques, the presence of SB func-

tional groups led to a decrease of hydrophobicity and

roughness of the surface, together with an improvement of

the materials biological performance.

1 Introduction

The use of commercial polymers in the most various areas

has been increasing in the last years. Therefore, the surface

of a material plays an important role since it is the surface

that mediates the interaction between the material and the

environment. It was in the early twentieth century that the

study of interactions of surfaces began [1]. Since then,

surface science has been the focus of many investigations,

becoming gradually important in the field of biomaterials.

Several methods, such as chemical, physical and bio-

logical have been reported with the aim of surface modi-

fication (without affecting the bulk mechanical properties)

[2]. Being the preservation of the bulk mechanical prop-

erties a crucial factor in surface modification, this work

was focused on the use of radiation techniques to graft a

polymeric material with a very thin monomer layer [3].

This thin layer would provide the appropriate answer in

some biological environments.

The use of radiation for graft polymerization is a very

clean and simple method. Commonly, radicals (reactive

sites) are formed on the surface of the material. Then, these

reactive sites will allow the subsequent covalent linkage of

a monomer or polymer to the material [4]. This modifica-

tion in the surface, either by using different gases in plasma

or by ultraviolet (UV) irradiation, induces changes in

wettability, adhesion, adsorption, printability, chemical

reactivity and sensitivity to light.

Plasma treatment is a wide process and has been more

explored in the last years and is considered to be envi-

ronmental efficient due to its high efficiency associated
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with a low waste production. Plasma treatment allows the

cleaning of a surface, etching, crosslinking, grafting or

even the addition, substitution or formation of functional

groups. The type of reaction is controlled by the active

species present in the plasma [5], which are dependent on

the working gas (e.g. Argon, Oxygen, Nitrogen), time of

reaction, chamber type and power of the plasma process [6,

7].

UV light is normally combined with a photosensitizer or

photoinitiator to generate free radicals within the surface of

a material and consequently to achieve a graft polymeri-

zation on the surface of a material. Consequently, irradia-

tion time and the depth of irradiation penetration on the

grafted polymer control the extension of the grafting

reaction. The concentration of photosensitizer can influ-

ence the amount of the grafted material along and within

the surface [8–10].

Due to these radiation methods properties and ability to

create functional surfaces, UV and plasma graft polymer-

ization are highly attractive methods for surface modifi-

cation of materials, particularly when the surfaces have no

chemically reactive groups [8, 11]. Furthermore, within the

field of surface modification, these methods became

extremely attractive since UV and plasma allow to modify

only a thin surface layer while preserving the bulk chem-

ical and mechanical properties of the material [4, 12].

The aim of the present study was to develop a material

with suitable surface properties to be used in the production

of a biosensor able to monitor cell behaviour by detection of

traction forces at their focal adhesion points. These are

connected to their cytoskeleton and work as attaching points

between the cell and the material surface [13]. Since cell

movement is an active process, slight effects on cell function

may directly be reflected by the size of the contractile forces

submitted to the underlying substratum. These forces may

directly be dependent on the functional state of the cell [14].

The extent and change in contractile force is assumed to be

influenced at a very early phase after test compound treat-

ment and long before other indices of the cell state like cell

shape or mitochondrial activity are changed [15, 16].

Therefore, the obtained biosensor may find its application in

various fields of health care from characterising patient’s

specific cells and allowing enhanced treatments, to the

detection of bioactive medium components having phar-

macological or toxic effect on cells.

In order to obtain a suitable cell-adhering material, two

different strategies were used to modify the surface of a

thermoplastic polyurethane (TPU)—Elastollan�1180-

A50—to improve its hydrophilicity and promote cell

adhesion without compromising its bulk properties. For

this propose, Elastollan�1180A50 was grafted with [2-

(methacryloxyl)ethyl]-dimethyl-3-sulfopropyl)-ammonium

hydroxide (SB) by using low pressure plasma and UV

irradiation. SB was selected for this purpose since other

authors [17] showed that sulfobetaine monomers can

improve blood compatibility and reduce platelet adhesion.

The surface properties of the modified TPU were

assessed by X-ray photoelectron spectroscopy (XPS),

atomic force microscopy (AFM) and contact angle mea-

surements. Blood compatibility tests and cell adhesion

behaviour with human bone marrow cells (HBMC) were

also performed.

2 Experimental

2.1 Materials

[2-(methacryloxyl)ethyl]-dimethyl-3-sulfopropyl)-ammo-

nium hydroxide (SB) was purchased from Sigma-Aldrich

and Elastollan�1180A50 was obtained from BASF. Iso-

propyl alcohol and dimethylformamide (DMF) were

obtained from JMGS, Portugal. Irgacure�2959 was kindly

given by CIBA (Ciba Specialty Chemicals, Basel, Swit-

zerland). Rabbit blood with acid-citrate-dextrose (ACD)

was purchased from Probiológica, Portugal. Carbonate-free

HEPES buffered (25 mM) and Dulbecco’s modified Eagle

medium (DMEM) with 10 % foetal calf serum were pur-

chased from Life Technologies, Basel, Switzerland. All of

the chemicals were used as received.

2.2 Methods

2.2.1 Films preparation

Elastollan�1180A50 films were prepared by solvent

evaporation. Elastollan�1180A50 was solubilized in DMF

to a 10 % (w/v) TPU solution. This solution was poured

into glass Petri plates. Then, the Petri dishes were stored in

an oven, at 60 �C for 24 h. Afterwards, the films were

removed from the dishes and ultrasonically cleaned with

isopropyl alcohol for 15 min, prior to surface grafting

experiments.

2.2.2 Plasma grafting

A laboratory and small-scale production plasma system

FEMTO (low pressure plasma), manufactured by Diener

Electronics, with a stainless steel plasma chamber of

100 mm diameter and 270 mm length, was used for the

plasma surface modification experiments. The TPU mem-

branes were placed 80 mm from the electrode and were

plasma treated with Argon for 3 min, with a chamber pres-

sure of 0.6 mbar and 100 Watt power of plasma [6]. After-

wards, the plasma-treated TPU membrane was dipped in a

10 % (v/v) aqueous solution of SB and placed in an oven at
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60 �C for 8 h. Finally, SB-grafted films (SB-P) were abun-

dantly washed with water and dried until constant weight.

This procedure is schematically represented in Fig. 1a.

2.2.3 UV grafting

For the UV grafting a Mineralight�Lamp, Model UVGL-

48, in the 254 nm wavelength setting with a power of

6 Watt was used. The samples were placed at a distance of

4 cm from the light source. The films were first activated

with UV light in a 0.5 % photoinitiator (Irgacure�2959)

aqueous solution for 30 min. Then, the membranes were

removed from the Irgacure�2959 solution and dipped into

a 10 % (v/v) SB aqueous solution and irradiated a second

time with UV light during 30 min. The SB grafted films

(SB-UV) were then obtained (Fig. 1b).

2.3 Characterization techniques

2.3.1 Water contact angle and surface energies

determination

The water contact angle and surface free energy measure-

ments were performed at room temperature in an OCA 20

contact angle measurement unit from Dataphysics. The

contact angle is defined as the angle formed by the baseline

and the tangent to the drop contour at the three-phase point.

This value is specific for any given system being deter-

mined by the interactions of the three interfaces [18, 19].

Water contact angles (h) were assessed by static contact

angle measurements using the sessile drop method.

Surface free energy (cSV) values as well as the disper-

sive (cs
d) and polar (cs

p) components were obtained

according to the Owens–Wendt–Rabel and Kaelbe method

(OWRK) [20] by static contact angle measurements with

three liquids: water, diiodomethane and formamide. All

measurements were performed on the air-facing surfaces of

the samples with the three liquids using the sessile drop

method. Nine measurements on different points were per-

formed on each sample from which the mean static contact

angle and its standard deviation were determined. The

surface energies were assessed for all the prepared films.

2.3.2 Hydrophobic recovery analysis

Samples were aged in air, wrapped in aluminum foil to

minimize hydrocarbon contamination and examined after

1, 2, 6, 14 and 30 days. The hydrophobicity recovery was

evaluated by water contact angle determination, as previ-

ously described.

2.3.3 X-ray photoelectron spectroscopy

X-ray photoelectron spectroscopy (XPS) measurements

were made on a VGS ESCALAB 200A spectrometer with

an Al Ka X-ray source. The operation conditions were set

to 15 kV. The binding energy scale was fixed by assigning

a binding energy of 285.0 eV to the –CH2– carbon (1s)

peak. The samples were analyzed at a take-off angle of 0�
relative to the normal of the surface. The C1s, O2s, and

N1s envelopes were analyzed and peak-fitted using a

combination of Gaussian and Lorentzian peak shapes

obtained from the XPSpeak 4.1 software [21].

2.3.4 Atomic force microscopy

The morphology of the surfaces was evaluated by atomic

force microscopy (AFM). AFM was performed in a

Fig. 1 Schematic representation of a Argon plasma activation followed by the SB monomer grafting and b UV grafting mechanism
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Nanoscope IVa Veeco Metrology using the tapping mode

(scan size 4.0 lm, scan rate 1.0 Hz). The average rough-

ness (Ra) was calculated directly from 700 9 700 nm2

sized height AFM images at three different positions for

each sample.

2.3.5 Blood compatibility

Blood compatibility assays were performed in vitro

accordingly to the International Standard Organization

(ISO) 10993-4 [22]. Both the haemolytic potential and

thrombogenicity of the prepared films were evaluated.

2.3.5.1 Haemolytic potential The haemolysis tests were

performed as described in American Society for Testing

and Materials (ASTM) F 756-00 standard [23]. Samples

with a surface area of 21 cm2 were placed in polypropylene

test tubes and 7 mL of PBS (10 M, pH = 7.4) were added.

After 72 h of incubation at 37 �C, the PBS was removed

and the samples were left to dry. After drying, 7 mL of

PBS and 1 mL of diluted anticoagulated rabbit blood

(ACD blood) (10 ± 1 mg/mL) was added to each sample.

Positive and negative controls were prepared by adding the

same amount of ACD blood to 7 mL of water and PBS,

respectively. The tubes were placed at 37 �C for 3 h and

gently inverted twice every 30 min to maintain contact

between the blood and the material. After incubation, the

fluid was transferred to a suitable tube and centrifuged at

700–8009g for 15 min. The amount of haemoglobin

released by haemolysis was assessed by measuring the

optical densities of the supernatants at 540 nm, using a

spectrophotometer UV–vis (Jasco V550). The percentage

of haemolysis (or haemolytic index, HI) was calculated as

described in Eq. 1.

HIð%Þ ¼ OD of test sample� OD �ð Þ control

OD þð Þ control� OD �ð Þ control
� 100

ð1Þ

According to the ASTM F 765-00 [23] materials can be

classified as non-haemolytic when 0 [ HI [ 2, slightly

haemolytic when 2 [ HI [ 5 and haemolytic when

HI [ 5.

2.3.5.2 Thrombogenicity In vitro thrombogenicity assay

was assessed by gravimetric analysis, an adaptation of the

method described by Imai and Nose [24–26]. Anticoagu-

lated rabbit blood, prepared by adding 1 mL of ACD

solution to 9 mL of fresh rabbit blood, was also used for

this purpose. Before performing the tests, the membranes

were immersed in PBS solution (pH 7.4) at a constant

temperature of 37 �C. After 24 h of incubation, the PBS

was removed and 250 lL of ACD blood was carefully

placed over the surface of the films and also in an empty

Petri dish, which acted as a positive control. Blood clotting

tests were initiated by adding 25 lL of a 0.10 M calcium

chloride solution and then stopped after 30 min, by adding

5 mL of distilled water. The resultant clots were fixed with

1 mL of a 36 % formaldehyde solution and then dried with

tissue paper and finally weighted. The thrombosis degree

was calculated and expressed as a percentage in relation to

the positive assay.

2.3.6 Human bone marrow cells adhesion and spreading

Cell adhesion on the surfaces was evaluated with human

bone marrow cells (HBMC). HBMC were harvested using

trypsin–EDTA solution and were seeded on the membrane

surfaces and incubated at 37 �C for 24 h. After the incu-

bation period cells were fixed with a paraformaldehyde

solution (4 % paraformaldehyde) with 0.2 % Triton X 100,

which makes the cell membrane permeable for the dyes.

Then the actin cytoskeleton of the cells was stained with

Phalloidin Alexa Fluor 488 (green fluorescent dye) [27].

Fig. 2 a Variation of water contact angle of unmodified TPU and

grafted TPU either by plasma activation (SB-P) or UV irradiation

(SB-UV) (mean ± SD, n = 7). Different letters indicate values that

are significantly different (one-way ANOVA and Tukey’s test,

P \ 0.05). b Surface free energy represented by both dispersive and

polar components of unmodified TPU, plasma grafted TPU (SB-P)

and UV irradiation grafted TPU (SB-UV)
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Confocal laser scanning microscopy in the fluorescence

mode was used to visualize the cell spreading.

2.3.7 Statistical analysis

Statistical analysis was carried out using GraphPad Prism

6. Results were expressed as the mean ± standard devia-

tion, compared through one-way analysis of variance

(ANOVA, P = 0.05) and two-way analysis of variance

(ANOVA, P = 0.05). Tukey’s multiple comparisons test

was used to identify the significantly different means.

3 Results and discussion

3.1 Water contact angle and surface free energy

Contact angle measurements were performed for the

unmodified and grafted surfaces in order to evaluate the

surface modification reaction. Figure 2a shows the

obtained values of water contact angles for all surfaces.

Here can be observed that there are significant differences

in the surface wettability of the unmodified TPU surface

and SB-grafted surfaces.

In Fig. 2a is demonstrated that both grafting methods

led to a surface with lower water contact angle. From this

decrease of water contact angle is possible to suggest that

after grafting, both plasma and UV methods allowed to

obtain a more hydrophilic surface. However, the decrease

in the water contact angle was more significant for the films

treated with plasma suggesting a higher grafting efficiency.

Surface energy is recognized as an important parameter

on polymers adhesion, wettability and even biocompati-

bility [28]. It is known that polar component includes

Coulomb interactions between permanent dipoles and

interactions between permanent dipoles and induced

dipoles; while disperse interactions are caused by time

fluctuations in the charge distribution within the molecules

[29]. The surface energies obtained for the different sur-

faces as well as their polar and dispersive components can

be seen in Fig. 2b. These results were obtained by using

Owens–Wendt–Rabel and Kaelbe method (OWRK) [20].

Figure 2b shows that surface energy increased after both

grafting procedures. This increase can be explained by the

introduction of the polar functional groups, SO3
- groups

ascribed to the SB monomer. For the same reason an

increase in the polar component of surface energy on the

modified surfaces is clearly observed. As expected, and as

verified in previous works [30], the increase of surface

energy and its polar component is more significant for the

plasma activated films, which supports the suggestion that

plasma treatment leads to higher grafting yields.

3.2 Hydrophobic recovery analysis

Water contact angles were measured along 30 days in

order to assess hydrophobic recovery of TPU surfaces. It is

known that surfaces that undergo a surface modification

procedure by a radiation process partially recover their

hydrophobicity along time [6, 30, 31]. Figure 3 illustrates

the contact angles variation with time, for the unmodified

surface and also for the grafted SB surfaces.

The hydrophobicity recovery study showed that for both

modifications (SB-P and SB-UV) the contact angle stabi-

lizes after 6 days. As previously sated, modification by

plasma resulted in a more hydrophilic surface (with lower

contact angle). Also, this angle value remains constant

along time, which suggests that a uniform polymeric layer

of SB was coated on the surfaces. The hydrophobicity

recovery of a surface might be explained by air contami-

nation or even by surface rearrangements [32–34]. These

may decrease the active sites induced to the surface by the

plasma or UV surface activation and therefore the water

contact angle increases. In this study, we could conclude

that such effects were not significant for any of the

samples.

3.3 X-ray photoelectron spectroscopy (XPS)

XPS spectra of the grafted films (SB-P and SB-UV) as well

as of the unmodified TPU films were recorded in order to

access the elemental and chemical composition of the films

surfaces. Figure 4 illustrates the C1s, N1s, O1s and S2p

spectra obtained and shows their relative composition ratio

based on the area of the peaks.

The C1s peak, as shown in Fig. 4a, could be resolved in

three components: the hydrocarbon (C–C and C–H) peak at
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284.5 eV, the ether peak (C–O–C) at 285.9 eV and the

urethane peak (NH–COO) at 288.0 eV. It can be seen that

both SB grafted TPU, Fig. 4a2 and a3), has a higher peak

area around 286.5 eV due to the introduction of the C–N

groups from the SB monomer.

The N1s peak of the unmodified TPU (Fig. 4b1) is

resolved by one single peak ascribed to the urethane peak

(NCOO) [6, 35]. After grafting, for SB-P two peaks can be

identified: the urethane peak (NH–COO) at 400 eV [35]

and the SB ammonium nitrogen peak (N?(CH3)2CH2
-) at

around 402 eV [17]. However, SB-UV N1s peak shows

only one peak slightly wider than the unmodified TPU,

meaning that this grafting method is less efficient than the

plasma method.

The O1s peak (Fig. 4c) of both SB grafted TPU consists

of two peaks, while the unmodified TPU consists of only

one O1s peak. Furthermore, both SB grafted TPU have a

wider binding energy of O1s peak than unmodified TPU.

This can be due to the combination of the urethane peak

(NH–COO) and the ether peak (C–O–C) at around 532 eV.

For both SB grafted surfaces one more peak is visible at

533.60 eV due to the contribution of the oxygen from the

sulfobetaine monomer (SO3
-). This second C–O peak is

higher for SB-P relatively to SB-UV, which confirms the

higher grafting efficiency of the plasma procedure.

Finally, looking at Fig. 4d, the S2p spectra, a new peak

shows at a binding energy of 168.4 eV when compared to

the unmodified films. This peak is also attributed to the

sulfobetaine monomer (SO3
-). Once again, the SB peak

obtained for SB-P is more evident than the SB-UV peak.

From the presented results it can be clearly confirmed

the assumptions made from the surface energy results.

Summarily, the grafting of SB onto the TPU surface was

achieved, particularly when plasma is used, meaning that

the SB grafting is more efficient by using the plasma

activation method.

3.4 Atomic force microscopy

AFM analysis was used to assess surface topography of the

grafted and unmodified films. The 3-dimensional (3-D)

AFM images of the TPU films are presented in Fig. 5. The

3D images show that after surface grafting, smoother sur-

faces are obtained.

Nevertheless, the difference in surface topography is

more notorious when plasma surface activation is used to

graft SB. In order to better quantify these differences in

surface topography, surface roughness (Ra) was deter-

mined. Ra was obtained directly from the AFM images and

is displayed in Fig. 5.

As expected, SB-P and SB-UV surfaces show lower Ra

values due the presence of the SB layer and according to one-

way ANOVA analysis, the value of Ra of the unmodified

TPU surface is significantly different from SB-grafted sur-

faces. Comparing the two SB grafting methods, statistical

analysis shows that there are no significant differences

between the grafted surfaces, although the obtained results

suggest that SB grafting by plasma activation is more effi-

cient since higher densities of grafted monomer result in

smoother surfaces [33]. This modification on roughness

values also allows to confirm the occurrence of the surface

modification and is coherent with the results obtained in XPS

analysis and contact angle measurements. In a previous work

[30] the same difference between both grafting methods (UV

and plasma) has observed for the grafting of other monomers

onto the same TPU base material.

3.5 Haemolysis

The haemolysis results obtained for the unmodified and

grafted TPU surfaces are shown in Fig. 6. According to the

b Fig. 4 XPS spectra of C1s (a) N1s (b) O1s (c) and S2p (d) for the

unmodified TPU (1) and for the SB grafted surfaces by plasma

activation (2) and by UV irradiation (3). Peak area (%) based on the

area of each peak for the unmodified and both SB grafted TPU are

also shown

Fig. 5 Atomic force micrographs of the unmodified TPU and the SB-grafted surfaces (mean ± SD, n = 6). Different letters indicate values that

are significantly different (one-way ANOVA and Tukey’s test, P \ 0.05)
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ASTM F 756-00 [23] all samples were found to have no

haemolytic effect (haemolytic index lower than 2 %).

The haemolytic index (HI) of the unmodified TPU is not

significantly different from SB-UV surface, which indi-

cates that UV treatment does not significantly influences

the HI. On the other hand, the HI value for the SB-P is

significantly lower than the unmodified and SB-UV TPU,

suggesting that plasma treatment of the original material

improves its haemocompatibility. This can be explained by

the higher hydrophobicity of unmodified and SB-UV TPU

surfaces, which might support protein adhesion, weakening

the membrane of the erythrocytes, promoting lysis and

haemoglobin release [36].

According to these results, all samples were found to be

suitable to use in biomedical applications, with special

emphasis on the SB-P films.

3.6 Thrombosis

The thrombogenicity results are gathered in Fig. 7. These

results show that for blood contact times of 20 and 40 min,

the grafted surfaces present a lower thrombogenicity when

compared to the unmodified films. For 20 min of contact

time with blood, the thrombogenicity for all the TPU sur-

faces (unmodified TPU and SB-UV and SB-P grafted

surfaces) was below 30 % and statistical analysis shows

significant differences. For 40 min of contact time, the

thrombogenicity slightly increases and statistical analysis

also shows significant differences between all assays.

Therefore, the obtained results suggest that the SB layer on

the TPU’s surfaces slightly suppresses the clotting process.

Previous studies reported that hydrophilic surfaces tend

to reduce protein adsorption, a process that is related with

thrombus formation. As previously stated, the measure-

ment of water contact angles indicated an increase of the

surface hydrophilicity with grafting and, consequently,

these modified surfaces are more efficient repelling protein

adsorption and avoiding thrombus formation. This reduc-

tion on the thrombosis values is also supported by the

decrease in roughness shown by the AFM analysis, since

rough surfaces tend to increase protein adsorption [37, 38].

Comparing the two SB grafting methods, SB-P sample

showed lower thrombogenicity values justified by its

Fig. 7 Thrombogenicity for the unmodified TPU and each surface

grafting (mean ± SD, n = 3). Different letters indicate values that

are significantly different (two-way ANOVA and Tukey’s test,

P \ 0.05)

Fig. 6 Haemolytic index of the unmodified and the SB-grafted

surfaces (mean ± SD, n = 3). Different letters indicate values that

are significantly different (one-way ANOVA and Tukey’s test,

P \ 0.05)

Fig. 8 HBMC cultured on the unmodified and SB-grafted TPUs membranes surfaces
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higher hydrophilicity and lower surface roughness. Fur-

thermore, these results lead to the conclusion that modified

TPU surfaces perform better than the unmodified surface,

and all materials are suitable to be in contact with blood.

3.7 Human bone marrow cells adhesion and spreading

Cell adhesion on the surfaces was evaluated with human

bone marrow cells (HBMC). Cells were fixed after a cul-

ture period of 1 day and the actin cytoskeleton was stained

with Phalloidin Alexa Fluor 488 conjugate (fluorescent

dye). Cell adherence and spreading on the grafted and

unmodified surfaces showed similar patterns, as can be

seen in Fig. 8.

Cells showed a good adhesion and developed a well-

established actin cytoskeleton on the unmodified TPU

(control surface), as already reported in previous studies

involving 3T3 mouse fibroblasts [39]. On SB-UV grafted

TPU, cells showed a good cell adherence. On SB-P, cells

also developed a good cell adhesion with a well-established

cytoskeleton. In the later surface the cells look more spread

and flatten then on SB-UV surface. This slight difference in

the cell spreading might be associated with the density of

the grafting. The surface density of sulfonic groups in a

surface is known to be responsible for cells flattening. The

higher the density of sulfonic groups, the higher the ten-

dency of cells to flatten on the substrate surface [40].

4 Conclusions

Surface modification of Elastollan�1180A50 films with SB

was successfully achieved via two methods: argon plasma

surface activation and UV grafting. Surface grafting cre-

ated significantly smoother surfaces, as was proved by

AFM analysis. XPS proved the SB grafting by the presence

of SO3
- and the ammonium nitrogen peaks (N?(CH3)2-

CH2
-). Also, grafted films exhibited an improvement in

hydrophilicity due to the introduction of SB polar groups

and lower roughness, especially when plasma surface

activation was used which indicates a higher density of

grafting for SB-P, which was upheld by HBMC adhesion

tests. Haemocompatibility results revealed good blood

compatibility for all samples. Both thrombosis and haem-

olysis tests proved that the films were not responsible for

any damage in blood, mainly for the grafted surfaces. This

means that grafting of SB on the surfaces improves the

blood-compatibility profile of the original TPU surface.
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