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ABSTRACT: Plasma-enhanced chemical vapor deposited
polymers (plasma polymers) are promising candidates for
biomaterials applications. In the present study, plasma
deposition as a fast and easily scalable method was adapted
to deposit coatings from n-heptane and methyl methacrylate
monomers onto glass substrates. Linear patterns with line and
groove widths between 1.25 and 160 μm were introduced by
degrative UV-lithography for cell alignment. Differential
interference contrast optical microscopy, profilometry and
atomic force microscopy revealed that the patterned surfaces
had a smooth, homogeneous appearance and a pattern height of 8 and 45 nm for plasma deposited n-heptane and methyl
methacrylate, respectively. UV-lithography increased the oxygen content on the surface drastically as shown by X-ray
photoelectron spectroscopy. After immersion in simulated body fluid for 21 days, the pattern was still intact, and the ester groups
were also maintained for the most part as shown by infrared spectroscopy. To test the coatings’ potential applicability for
biomaterial surfaces in a preliminary experiment, we cultured murine preosteoblastic MC3T3-E1 cells on these coatings. Light
and electron microscopically, a normal spindle-shaped and aligned cell morphology was observed. At the mRNA level, cells
showed no signs of diminished proliferation or elevated expression of apoptosis markers. In conclusion, plasma-enhanced
chemical vapor deposited polymers can be patterned with a fast and feasible method and might be suitable materials to guide cell
alignment.

KEYWORDS: biomaterials, thin films, plasma enhanced chemical vapor deposition (PE-CVD), plasma polymers, micropatterning,
MC3T3-E1

■ INTRODUCTION

For many years now, polymers deposited using plasma-
enhanced chemical vapor deposition (PE-CVD) have been
proposed for a whole range of biomaterial applications.1−3

Drug release, prevention of leaching and corrosion, or a stealth
effect for endoprostheses are thought possible as well as usage
in the development of lab-on-a-chip devices.1−3 In the process,
a multitude of polymers deposited in a low-temperature plasma
have been investigated as model systems.2−4

PE-CVD is applicable on many organic monomers, which are
not polymerizable using wet chemistry methods. Thus,
polymers can be synthesized from simple alkanes such as
hexane.5 Nevertheless, the chemical composition of the
monomer is crucial for choosing the polymerization conditions
and for the properties of the polymer after the deposition.
Aiming at polymers with a specific surface chemistry, such as
carboxyl groups or ester groups, monomers containing the
corresponding moieties are chosen for polymerization.6 To
avoid fragmentation of the monomer and, therefore, loss of the
functional groups during the polymerization process, soft

polymerization conditions, i.e., low discharge power and/or
pulsed plasma mode, are necessary.3,5,7−10 When employing
soft conditions, it is favorable to use monomers with a double
bond in order to achieve adequate deposition rates.5 However,
cross-linking of the monomers is not as high as with high power
discharge and using continuous plasma mode.8,9

Methyl methacrylate (MMA) has been chosen for this work
as a monomer, because MMA is suitable for soft PE-CVD and
is estimated to give a poly(methyl methacrylate) (PMMA)-like
coating.10 PMMA is known to be an inert polymer, which has
been proven to be biocompatible.11 It is generally used as bone
cement and as a model system for biomaterial research.12−14

Additionally, spin-coated PMMA films provide a good surface
for a protein distribution to encourage cell adhesion.15

It is also well-known that cells react not only to a favorable
protein surface but to topographical cues and align to linear
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structures as well.16−18 Some studies indicated even a beneficial
effect of these geometrical patterns on cell adhesion behavior
and cell-surface integration.19,20 These geometrical cues could
be provided by substrates produced by PE-CVD.
In the present study, the feasibility of PE-CVD as a method

for biomaterials production was tested. It promises simple up-
scaling, and involves neither complex synthesis nor extensive
handling of samples. Therefore, the bone cement monomer
MMA was deposited onto model glass surfaces by PE-CVD
giving a nanolayer of plasma polymerized methyl methacrylate
(ppMMA). Coating stability in an ionic environment was
evaluated by immersion in simulated body fluid (SBF). To
provide stability in SBF, we inserted plasma-polymerized n-
heptane (ppH) as an adhesion promoting layer. Additionally,
ppH was tested on its own as a single layer system (compare
Figure 1). The coatings were micropatterned with lines by UV-

lithography. To preliminarily test the coatings’ potential
relevance for biomaterial surfaces, we grew preosteoblastic
MC3T3-E1 cells on these materials and examined their
morphology as well as their proliferation and viability.

■ EXPERIMENTAL SECTION
Preparation of Patterned Plasma Polymer Coatings. The

steps of the coating preparation are shown schematically in Figure 1.
Etching and polymerization processes were conducted using a
FEMTO low-pressure plasma system (Diener electronic, Germany).
The chamber volume is approximately 6 dm3. The maximum power
output of the generator was 300 W at a frequency of 40 kHz in pulsed
or continuous mode. A homogeneous plasma was obtained, because
the gas and monomers were distributed uniformly by several gas inlets.
The pressure in the reaction chamber was adjusted via mass flow
controllers using gases or by a shutter using liquid monomers. Gases
were taken from gas bottles without further purification, liquid
monomers were fed into the chamber from an evaporator which was
kept at a constant temperature of 30 °C. The pressure given for each
plasma process refers to the pressure after ignition of the plasma.
Between polymerization processes with different monomers the
chamber was cleansed with oxygen plasma.
Before coating, the coverslips (Menzel, Germany) were etched in

argon/hydrogen plasma for 30 min at 300 W power output in the
continuous mode. During etching, the flow rates of argon and

hydrogen (gas mixing ratio 82/18) were adjusted to keep the pressure
in the reaction chamber at 0.3 mbar.

Immersion experiments showed that ppMMA layers delaminated
from the glass surface when exposed to simulated body fluid (SBF) for
21 days as described below. Therefore, the samples were coated with a
layer of ppH acting as an adhesion promoting agent. Polymerization of
n-heptane (Figure 1 a) was carried out directly after the etching
process without removing the glass coverslips from the reaction
chamber to avoid contamination of the samples. During polymer-
ization of n-heptane for 1 h, power output was 90 W in pulsed mode
and the pressure was adjusted to 0.5 mbar. Before the next
polymerization step (Figure 1 b), after removing the samples, the
chamber was cleansed with oxygen plasma using 300 W power output
and a pressure of 0.5 mbar. Deposition of ppMMA was carried out
using pulsed mode and a pressure of 0.5 mbar for 30 min at 150 W
power output.

The conditions for plasma polymerization described here, such as
power output, process duration, and pressure, were adjusted in the
optimization process to receive polymer layers that were transparent
and stable in SBF for 21 days.

The resulting polymer layers were patterned by UV-lithography
(Figure 1c, d), employing a Hamamatsu LC8 (Japan) containing a 250
nm enhanced 200 W mercury lamp. The optical power integrated
from 250 to 2200 nm reaching the samples after its way through our
optical setup with a synthetic silica light guide and a beam distributor
was 328 mW/cm2. The coatings were irradiated through a quartz mask
with the respective linear pattern for 20 min. The custom-made
patterned quartz masks’ design is described in detail by Letsche.21

After the irradiation, the substrates were rinsed with deionized water.
In vitro Bioactivity and Stability Test in Simulated Body

Fluid. As described by Kokubo et al.,22 SBF was designed to mimic in
vitro the conditions of in vivo biomaterial studies. It is therefore used
to try in vitro to predict a material’s behavior in vivo, e.g., if it
promotes biomineralization even in an acellular environment. In this
study, however, immersion in SBF was also used to screen diverse
plasma polymer coatings produced with different adhesion promoting
layers and by differing procedures for their stability in ion solutions.

The SBF was prepared in a Tris-HCl buffer at pH 7 by solving the
salts in the amounts given in Table S2 in the Supporting Information
to add up to the corresponding ion concentrations.22 The SBF was
autoclaved, and the samples and vessels were washed with 70% ethanol
to prevent bacterial contamination and possibly resulting artifacts. The
test was run for 3 weeks at 37 °C in tightly closed Teflon vessels with
the samples standing in an upright position.

Analysis of Coatings. Successful and uniform coating and
patterning was verified by inspection of the patterned samples with
an Olympus IX70 light microscope (Germany) operated in the
differential interference contrast (DIC) mode.

To determine the pattern height, a Dektak profilometer (Bruker,
Germany) was employed. Scans were performed at three different
positions of a substrate. Of each scan, five steps were evaluated. The
reported pattern height refers to the mean value.

For a more detailed analysis, the pattern height and surface
morphology were observed by atomic force microscopy (AFM). AFM
measurements were conducted with an Agilent 5500 Scanning Probe
Microscope (USA) under ambient conditions. The data was collected
via tapping mode (acoustic AFM) in closed loop configuration with a
large multipurpose closed-loop scanner. Olympus cantilevers (OMCL-
AC160TS) with a tetrahedral tip (typical spring constant of 42 N/m,
typical tip-radius of 7−10 nm) and resonance frequencies ranging
from 300 to 340 kHz were used. The plasma polymer coatings were
scanned at a speed of 0.5−0.6 lines per second with a resolution of 512
× 512 pixels. Open-source scanning probe microscopy data analysis
software ‘Gwyddion’23 was employed for handling the topographical
data and extraction of profiles.

Additionally, attenuated total reflectance infrared (ATR-IR) spectra
of nonpatterned samples before and after immersion in SBF were
collected in order to investigate the stability of the ppMMA layer.
Basically, the signal of the ester moiety served as an indicator for the
stability of the polymer. ATR-IR measurements were conducted using

Figure 1. Schematic of the coating process showing the process’s steps
leading to the polymer layers used for the experiments in this work.
Cleansed glass substrates were coated with (a) plasma-polymerized
heptane (ppH) by PE-CVD of n-heptane and either furnished with (b)
a layer of plasma-polymerized MMA (ppMMA) and (d) patterned, or
(c) directly patterned by UV-lithography.
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an Equinox 55 FT-IR-spectrometer (Bruker, Germany). Unpolymer-
ized MMA was used without further preparation as a reference.
Spectral data was evaluated using the program ’OriginPro 8.5.0G’
(OriginLab Corporation, USA).
X-ray photoelectron spectroscopy (XPS) measurements were

conducted using an Omicron system with an Al Kα X-ray source.
For the measurements, the plasma polymer films were deposited on
conductive highly oriented pyrolytic graphite (HOPG) substrates.
CasaXPS software was employed for analysis of the data fitting the
spectra with pseudo-Voigt profiles assuming equal profile width.
Cell Culture and Analysis of Cell Morphology. Cells of the

murine preosteoblastic cell line MC3T3-E1 (German Collection of
Microorganisms and Cell Cultures, Germany) were cultured in α-
minimal essential medium (Biochrom, Germany) with 10% fetal calf
serum (PAA Laboratories, Germany), 4 mM L-glutamine, 100 U/mL
penicillin and 0.1 mg/mL streptomycin (all from Biochrom, Germany)
at 37 °C, 5% CO2 and saturated humidity as described before.24 For
the experiment, MC3T3-E1 cells were seeded at 1 × 104 per cm2 onto
cell culture plastic and the ppMMA or ppH plasma polymer substrates
(line patterns with 10 or 50 μm width) in 12 well cell culture plates
and were cultured for 21 days with medium changes twice a week.
Live cells were examined for their morphology with a DMI6000 B

light microscope (Leica, Germany). Images were taken with a
DFC420C camera (Leica, Germany) at days 1, 3, 7 and 21.
Cell morphology was analyzed more closely by SEM at day 21.

Sample preparation was carried out as described previously.24 Images
were taken with a scanning electron microscope (SEM; S-5200,
Hitachi Europe GmbH, Germany) at an accelerating voltage of 10 kV.
Real-Time Reverse Transcriptase Polymerase Chain Reac-

tion (Real-Time RT-PCR). Real-time RT-PCR (StepOnePlusTM Real-
Time PCR System, Applied Biosystems, Germany) was performed to
determine quantitative effects on mRNA expression as described in
detail before.24 Specific primer pairs (Thermo Electron GmbH,
Germany) are listed in Table S3 in the Supporting Information. Data
analysis (normalized to glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) and related to the cell culture plastic control) was
performed according to the ΔΔCt (cycle threshold) method,25 with
the corresponding calculation steps specified in Steinbach et al.24

The experiment and the measurements were performed in
duplicate, respectively, resulting in a number of data values n = 4.
mRNA expression data are expressed as mean ± standard deviation.
Statistical analysis was omitted because of the small amount of data.

■ RESULTS AND DISCUSSION

Plasma Deposition and Coating Analysis. Two different
polymer coatings on glass slides were prepared by PE-CVD of
n-heptane and MMA: ppMMA as the outer layer and ppH
serving as an adhesion promoting agent, or ppH as a single
layer system. The preparation of the polymer layers and their
patterning is depicted schematically in Figure 1. It was
optimized to an all-plasma process, requiring minimum
handling and transferring the samples. The process is intended
to be applicable for up-scaled processes with larger sample
throughput. The resulting coatings were tested for their
potential suitability as biomaterials coatings.
For the polymer film synthesis, pulsed plasma mode was

chosen to reduce the concentration of free radicals in the ppH
layers and to avoid cleavage of the MMA monomers.8 In
compliance with this, in ATR-IR measurements, the ester signal
at 1726 cm−1 of the monomer MMA (dashed line in Figure 2)
was also detected after PE-CVD in the resulting coating (dotted
line). This clearly indicated that the functional group was not
strongly affected by the plasma conditions applied, and could
still be found in the polymer. Both spectra − of MMA and
ppMMA − are in accordance with database spectra for MMA
and PMMA, respectively, with regard to the main band
positions.26 The general broadening of bands for plasma

polymers7,10 is also observed here and is based on the less
defined chemical surrounding compared to the monomer and
conventional polymers.8 The reaction in the plasma led to an
increase of signals between 2800 and 3000 cm−1. This hints at
the formation of C−H bonds with neighboring alkene
moieties.7 At the same time, the well-defined signal of the
C−C double bond at 1638 cm−1 disappeared with polymer-
ization. This is probably due to formation of C−C single bonds
through addition polymerization.5

XPS analysis revealed a certain loss of the ester moiety, which
manifests in a slightly higher ratio of the C−O double bond
environment at 536.8 eV to the C−O single bond environment
at 538.1 eV in the fitted O 1s high resolution spectrum (Figure
3). Instead of the 1:1 ratio expected for the conventional
PMMA, the ratio is 56.9% to 43.1% with an excess of double
bonds. This is anticipated for ppMMA due to a plasma induced
scission of the ester between the carboxyl C and the methoxyl
group.10 This is reflected by the peak at 291.9 eV assigned to
the carbonyl environment in the fitted C 1s high-resolution
spectrum additional to the alkyl peak at 289.6 eV, the methoxyl
peak at 291.0 eV, and the carboxyl peak at 293.6 eV. The
charging of the sample is accounted for the shift of the peaks to
higher values compared to literature.10 Relative peak positions,
however, are consistent.
The success of the coating and patterning procedure was also

examined light microscopically in the DIC mode (see Figure S1
in the Supporting Information) and by AFM (Figure 4). The
coatings were optically very homogeneous across the whole
sample and showed no signs of pinholes or other irregularities
even in the nanometer sampling range of the AFM (Figure 4).
As can be seen in Figure 4, the coatings could be patterned with
lines comprising size features as small as 1.25 μm by UV-
lithography. The pattern height depended on the upmost
polymer. As determined by profilometry, ppMMA coatings had
an average pattern height of 45 nm, whereas for coatings
consisting only of a ppH layer, the UV-irradiation process
resulted in only 8 nm pattern height. This can be seen as an
analogue to the “conventional” polymers polyethylene (PE), as
a hydrocarbon polymer, and PMMA. PE resists UV-
degradation better than other polymers, as it lacks chromo-

Figure 2. ATR-IR spectra of the monomer MMA (dashed line) and
the coating resulting from PE-CVD of MMA (dotted line) with an
adhesion promoting layer made of ppH. After immersion in SBF for
21 days, these substrates showed the IR spectrum indicated by the
solid line. The inset depicts the signal of the ester group in detail.
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phoric groups.27 Whereas PMMA also resists quite well UV-
irradiation due to its short ester side groups, it is nevertheless
prone to degradation by a photoinduced ester decomposition
process and might be photo-oxidized. Assuming that the plasma
polymers act in an analogous manner, the UV-lithography of
PMMA should result in the formation of acid groups, possibly
followed by cross-linking.28

XPS results supported an oxidation process showing the
oxygen content to increase from 21.5% before the UV-
irradiation to 29.0% after the irradiation. Fitting the high-
resolution C 1s spectrum resulted in 44% oxygen binding C
species compared to 26.5% before the irradiation. The fitted
high resolution O 1s spectrum in Figure 3 shows that the ratio
of the double bond drastically increases to 72.6% of the oxygen
species. This points at a high rate of an ester decomposition
process with a loss of the methoxyl group, probably resulting in
carbonyl moieties, which can account for the high double bond
excess over the single bond environment.
As the plasma polymer layers should not delaminate in an

aqueous environment in view of cell culture application, the
coatings were screened for their stability and possible
bioactivity in vitro by immersion in SBF for 21 days.
Delamination was observed, when styrene was used as the
monomer for the adhesion promoting layer, or when no
additional layer was introduced (data not shown). These layer
constructions were consequently abolished. Delamination was

not observed for ppH coatings and ppMMA with a ppH
adhesion promoting layer. The stability of plasma-polymerized
thin films seems to depend on the density of (hydrophilic)
functional groups in the polymer layer and on its solubility in
water.29 Therefore the stability can be improved by an
appropriate adhesion promoting layer. Often, adhesion
promoting layers are self-assembled monolayers, which form
a covalent bond to the surface on the one side and provide a
hydrocarbon tail on the other side. The hydrocarbon tail can
participate in the plasma reaction and provide a linkage
between substrate and coating.8,17 Plasma-polymerizing another
monomer, as it was applied here, is also a suitable route to
bridge the chemistries of substrate and coating.30 Another
possibility is the “dilution” of moieties such as carboxylates with
simple hydrocarbons.29,31 Although PMMA is not hydrophilic,
the ester moieties seemed to add enough polar properties to
delaminate the thin films in an aqueous environment. Why,
despite its general hydrophobic properties,32 plasma-polymer-
ized styrene was not suitable as adhesion promoting layer might
deserve further investigations.
The integrity of the coatings after immersion in SBF was

verified by AFM scans (Figure 5). The topography did not
change discernibly for the macroscopically stable coatings,
which was taken as a token for their stability in ion containing
media. There were no cracks or holes to discern, which could
have indicated disintegration of the polymer layers. The pattern

Figure 3. Fitted high-resolution C 1s (left column) and O 1s (right column) XPS spectra for the ppMMA before (upper row) and after UV-ablation
(lower row).
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height was also maintained after the immersion, as can be seen
in the profile in Figure 5. This observation was supported by
ATR-IR measurements. Figure 2 shows that the signal
associated with esters at 1726 cm−1 was still clearly detectable
and had the same width as the ppMMA coating prior to
immersion (compare solid and dotted line in Figure 2). It
might be added that a quantitative conclusion cannot be drawn,
because the signal height strongly depended on sample
positioning, which determined contact pressure and angle of
the ATR crystal.
Despite the stability tests in SBF conducted before, the

formation of cracks (Figure 6C, H) and cavities (Figure 6J, O,
and T) was discovered during the cell experiments on the
sample with larger pattern. However, the pattern on all
substrates was still visible at day 21. Accordingly, no
delamination took place. This hints at strains in the layer due
to swelling in an ion containing aqueous environment.
Additional support for this assumption is gleaned from the
fact that this was only observed for the larger pattern, as the
smaller patterns allow for an easier lateral dilatation in case of
swelling.8

As described by Kokubo et al.,22 immersion in SBF is a first
in vitro test to indicate possible material behavior in vivo.
Materials, which are suitable for applications in bone, promote
biomineralization, even without bone building cells being
present. Thus, after the immersion, the samples were examined
under the microscope for signs of biomineralization. However,
none of the coatings showed signs of mineral being formed
under these biomineralization conditions, which might have
been an indication of possible bioactivity in this context.22,33

Biomineralization might be induced by alternative functional
groups, such as carboxylates, phosphates, or sulfates.34,35 The
feasibility of further functionalizing2 the here produced
polymers with the low temperature plasma technique opens
up numerous possibilities in synthesis. Also other moieties
could be introduced, e.g., nitrogen-containing groups to realize
additional antibacterial properties.36

Cell Colonization and Proliferation. To test the
biocompatibility and effects on bone cell morphology or
proliferation, preosteoblastic MC3T3-E1 cells were cultured on
ppH and ppMMA samples. Based on previous experiments,24

line widths of 10 and 50 μm were chosen for these cell
experiments.
As can be observed in Figure 6, the cells proliferated well and

to the same degree on the test surfaces as on the cell culture
plastic control in the course of 21 days (reading the panel from
the left to the right, comparing the different surfaces in the
panel rows). After 7 days of cell culture (Figure 6K−O),
MC3T3-E1 cells completely covered the plasma polymer
substrates independently of the monomer used to produce the
samples.
The unaffected proliferation was confirmed by real-time RT-

PCR results (Table 1). Here, the mRNA expression of a marker
of apoptosis (tumor protein P53) and two proliferation markers
(antigen identified by monoclonal antibody Ki-67 and histone
H4) in cells on the patterned substrates was compared to the
expression of cells on the control substrate, which was set at 1.
At the mRNA level, no harmful influence of the polymer
coatings was detected in this preliminary experiment.
Therefore, these data encourage further experiments in the

future. Good proliferation leads to a high cell density, which
induces the differentiation of osteoblasts.37 It is also known that
cell−cell contacts are beneficial for the viability of MC3T3-E1

Figure 4. AFM topography of a ppMMA sample UV-irradiated
through a photomask with a linear pattern with a line width of 1.25 μm
for 20 min, below the profile corresponding to the line indicated in the
topographical image.

Figure 5. AFM topography of a ppMMA sample after 21 days
immersion in SBF with the profile below, the position of which is
marked by the line in the topographical image.
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cells.38 Therefore, a coating material for biomaterials should
promote the good proliferation rate and cell density we in fact
observed for these plasma deposited polymers.
Noticeably, unlike the cells on the control substrate (Figure

6, first row of the panel), the MC3T3-E1 cells on the coated

glass slides coaligned with the linear pattern from day 1 to day
21 on all patterned substrates (Figure 6, rows 2−5). These cells
showed an elongated and well-spread morphology that was
confirmed by SEM (see Figure S2 in the Supporting
Information) and is a sign for good adhesion. The extracellular
matrix clearly visible between the cells on all substrates is yet
another sign for a regular cell growth and function.
Although geometrical shapes, such as the linear pattern used

here, are simplified model patterns compared to the natural
environment of osteoblasts,39,40 these patterns yet have
practical relevance. Eisenbarth et al.19 revealed that aligned
MC3T3-E1 cells on structured surfaces had a better adhesion
behavior and formed more focal contacts than cells on polished
substrates with a more spherelike appearance. The cells’
orientation also seems to determine the orientation of the
collagenous matrix they secret41 and through this also
mineralization42,43 as well as the mechanical properties44,45 in
bone. With these findings in mind, it is not surprising that
micro- and nanotopographies are proposed for applications as
biomaterials to guide osteoblast adhesion and alignment.46

■ CONCLUSION
The results of the present study implicate, that ppH and
ppMMA coatings prepared by PE-CVD are promising materials
for future biomaterials applications. The method is straightfor-
ward and requires handling the samples only when loading and
unloading the plasma chamber. Thus, it should be easily
adaptable for scalable processing. This work also showed that

Figure 6. Cell morphology of MC3T3-E1 cells on day 1, day 3, day 7, and day 21 (A−E, F−J, K−O, and P−T, respectively), on the plastic control,
the ppH coating with 10 and 50 μm line width, and the ppMMA coating with 10 and 50 μm line width (rows from top to bottom).

Table 1. mRNA Expression of Apoptosis and Proliferation
Markers in MC3T3-E1 Cellsa

gene of interest

substrate P53 Ki-67 H4

ppH line pattern with 10 μm
width

0.90 ± 0.02 1.62 ± 0.39 1.06 ± 0.15

ppH line pattern with 50 μm
width

0.91 ± 0.06 2.09 ± 0.08 1.20 ± 0.02

ppMMA line pattern with 10
μm width

0.87 ± 0.01 1.04 ± 0.08 0.75 ± 0.07

ppMMA line pattern with 50
μm width

0.75 ± 0.04 1.25 ± 0.17 0.65 ± 0.10

amRNA expression of the apoptosis marker tumor protein P53 (P53),
of the proliferation markers antigen identified by monoclonal antibody
Ki-67 (Ki-67), and histone H4 (H4), in MC3T3-E1 cells cultured on
the ppH and ppMMA substrates with line patterns with 10 μm width
and 50 μm widths relative to the mRNA expression on the cell culture
plastic control at day 21 of the experiment. Via the ΔΔCt (cycle
threshold) method, levels of mRNA were normalized to glyceralde-
hyde-3-phosphate dehydrogenase mRNA levels and related to the
mRNA expression on the cell culture plastic control (mRNA
expression on cell culture plastic was set at 1), n = 4.
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the SBF test as established by Kokubo et al. can be used off the
road to screen different coatings for their stability in simulated
physiological environments.
In addition, a preliminary cell culture experiment encourages

further investigations with a view to biomaterials applications.
Murine preosteoblastic MC3T3-E1 cells grew well, aligned to
the linear pattern right from day 1 over the complete period of
culture, and showed no signs of increased apoptosis or reduced
proliferation at mRNA level compared to cells on the cell
culture plastic control.
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