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Cytocompatibility of novel tin oxide thin films
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The capacity of tin oxide films to support cell growth was investigated. Three substrates
were used for the test: glass coverslips, glass coverslips spin coated with tin oxide and
commercially available 316 stainless steel. The wettabilities and surface roughness of the
three surfaces were measured before seeding 3T3 fibroblasts onto the samples. The
behaviour of the cells grown on the tin oxide was compared to the uncoated glass and the
steel and results showed that the cell growth on tin oxide compared favourably with the
other substrates. The surface wettability appeared to have the strongest effect on cell
adhesion to tin oxide.
C© 2005 Springer Science + Business Media, Inc.

1. Introduction
Thin films are already used on a variety of med-
ical devices including orthopaedic implants [1–3],
cardiovascular products [4, 5], surgical instruments
[6], orthodontic and dental instruments [7, 8]. The
fundamental value of coating technology rests in the
ability to modify the surface properties of a device
without changing the bulk properties and biomechani-
cal/biomedical functionality.

Tin oxide films have a number of standard applica-
tions in the glass [9–12] and gas sensing industries [13,
14], but details on biological uses of these films are
scarce in the literature. There are some references in-
volving cell growth on indium tin oxide (ITO). One such
example is from Lucas et al. [15]. This group estab-
lished that indium tin oxide (ITO) has no toxic effects on
cultured CNS cells. Cells grown on ITO were also used
by another group [16] to examine gap junctional inter-
cellular communication (GJIC) levels in human lung
carcinoma cells, and again to improve the efficiency of
labelling of adherent cells with radioactive 32P [17]. It
has also been shown that ITO thin film conductors can
be used for repeated and long term electrical stimulation
of monolayer networks in culture while still remaining
functional as recording electrodes [18]. In all instances
the tin oxide was commercially purchased and no de-
tails of the properties of the doped tin oxide film itself
were discussed. Whilst tin containing films do not ap-
pear intrinsically toxic, there are no details of the effects
of pure tin oxide films.

In this paper results from cytotoxicity tests on a tin
oxide film deposited in a novel way will be described.
Tin oxide films are usually deposited by CVD [19–22],
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PVD [14, 23, 24] or the sol-gel [25, 26] methods. In
the present study the tin oxide films were deposited by
the spin coating method from solution. This is the first
example of the use of this soluble form of tin oxide
and the synthesis will be described at a later stage. This
paper presents the details of the potential of these tin
oxide film for biomedical applications. 316 stainless
steel is used for a number of biomedical applications,
for example stents and information regarding cell re-
actions to that material is abundant in the literature.
This was one of the substrates used in this study. Glass
coverslips and glass coverslips coated with tin oxide
were also used and the results from each substrate were
compared.

A number of parameters were assessed on cells
seeded onto the samples. These were Almar Blue, to-
tal DNA and cell spreading. The Almar Blue assay is
designed to measure quantitatively the metabolic ac-
tivity of various human and animal cell lines [27].
The Almar Blue assay incorporates a fluoromet-
ric/calorimetric growth indicator based on detection
of metabolic activity. Specifically, the system incor-
porates an oxidation/reduction indicator that both flu-
oresces and changes colour in response to chemi-
cal reduction of growth medium resulting from cell
growth.

Measurement of total DNA is a reliable measure
of cell number. Determination of DNA with the flu-
orochrome bisbenzimidazole (Hoechst 33258) is well
established [28]. This determination is based on the
enhanced fluorescence and shift in the emission wave-
length of the fluorochrome Hoechst 33258 upon bind-
ing cellular DNA. This results in a linear relationship
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between fluorescence and DNA content over a broad
range of DNA. This reaction is highly specific and other
cellular components such as RNA, protein or carbohy-
drate do not cause significant fluorescence.

Cell spreading is a combined process of continuing
adhesion and cytoplasmic contractile meshwork activ-
ity [29]. At first lamellar protrusions are formed. Mi-
crofilaments can always be observed in these lamellae.
Focal adhesions are often associated with the tips of
these protrusions. In a later stage, the ctyoplasmic flaps
in between the protrusions also expand, completing cell
spreading. The final analysis carried out on the seeded
cells was to analysis the cell spreading. SEM images
of the cells were collected and processed on Imagej
software.

2. Materials & methods
2.1. Samples
Three different surfaces were used in this study.
Glass coverslips from Esco (Erie Scientific Company,
Portsmouth, N.H., USA), 316 stainless steel coupons
supplied by Goodfellow, in Huntingdon in England.
The tin oxide surface was prepared from a solution by
the spin coating method onto the glass coverslips. The
samples were spin coated at 3000 rpm, after which they
were heated at 400 ◦C for twenty minutes. This coating
procedure was repeated five times.

2.2. Contact angle
The contact angle of the stainless steel, glass and tin
oxide surfaces was measured using the sessile drop
method. An image of the drop was captured using a
digital camera and the contact angle was measured us-
ing image analysis.

2.3. Surface roughness
The surface roughness of various samples was mea-
sured on the DI Dimension 3100 SPM system. The
measurements were carried out on the stainless steel,
glass and tin oxide surfaces in contact mode with a
silicon nitride tip (Veeco). The roughness values used
were Ra, the average roughness and Rms the root mean
square roughness.

2.4. Cell growth
The samples were sterilised under UV light for 1 h,
then rinsed with distilled water. 3T3 fibroblasts were
maintained in cell culture incubator at 37 ◦C 5% CO2
atmosphere in Dulbecco’s modified Eagle’s medium
(DMEM, Sigma-Aldrich, Dublin, Ireland) supple-
mented with 10% (v/v) fetal calf serum and 1% peni-
cillin/streptomycin. Freshly confluent flasks of 3T3’s
were incubated with trypsin for 5 min then resuspended
in culture medium. Cells were counted using a hema-
cytometer and trypan blue and were seeded onto the
surfaces at a density of 4 × 104cells cm−2. Triplicate
samples were used for each study. These were incu-
bated in culture medium at 37 ◦C, 5% CO2 for 24 h.

Tissue culture media and reagents were obtained from
Sigma.

2.5. Cell activity
The Almar Blue assay was used as a measure of cell
metabolic activity. Cells were incubated on materi-
als surfaces for appropriate time points. The culture
medium was then removed and samples were washed
with Hank’s balanced salt solution to remove non-
adherent cells. This was replaced with Almar Blue so-
lution (Biosource) (1:9 dilution in Hank’s balance salt
solution). Samples were then incubated for 60 min at
37 ◦C. One hundred microlitre aliquots of this incubated
solution were excited at 530 nm (excitation wavelength)
and read at 590 nm (emission wavelength) using a Tecan
Spectrafluorplus fluorimeter.

2.6. Scanning electron microscopy
Samples for SEM were fixed after specified intervals
with 1.5% gluteraldehyde (Agar, UK) in 0.1 M sodium
cacodylate buffer (Sigma) for 2 h and washed in 0.1 M
sodium cacodylate buffer. Samples were dehydrated
through a graded ethanol series, then dried via hex-
amethyldisilazane (Sigma). Samples were then gold
coated and examined using a Hitachi S-4700 SEM with
an accelerating voltage of 15 keV.

2.7. Total DNA
Total DNA was read by microfluorimetry. The media
was removed from the cells and it was replaced with an
equal amount of distilled water. The plates were frozen
at −20 ◦C for 15 min then thawed at room tempera-
ture for 20 min. This was repeated three times. 100 µl
aliquots of the resulting suspension were placed into
a 96 well plate and diluted with 100 µl of a 20 µg/ml
concentration of Hoechst 33258 in TNE buffer (10 mM
Tris 1 mM ETDA and 2 M NaCl). A standard curve was
constructed using calf thymus DNA, in TNE buffer. The
plate was read at an excitation wavelength of 360 nm
and an emission wavelength of 460 nm. A graph of
concentration versus reading was plotted and the total
DNA from the samples was calculated from this graph.

2.8. Circularity
The circularity of the cells was measured using Imagej
software on images collected from the SEM. Firstly the
samples were prepared for the SEM as described above.
The image was then opened on the Imagej software and
was thresholded. The cells were highlighted on the im-
age and the circularity value was recorded. Circularity
of 0 indicated an elongated polygon, whereas 1 was a
perfect circle.

3. Results
3.1. Contact angle
The tin oxide had a contact angle of 12◦, which means
that it is hydrophilic, the glass had a contact angle of 43◦
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Figure 1 3 D AFM images of the substrates used in this study. (a) un-
coated glass coverslip Ra = 2.873, Rms = 3.506 (b) Tin oxide coated
glass coverslip Ra = 4.906, Rms = 6.355 (c) stainless steel sample Ra

= 39.591, Rms = 52.480.

Figure 2 Graph of cell activity for cells grown on stainless steel and
tin oxide coated glass as a percentage of the control (cells grown on
glass). The statistical analysis shows that the results are not statistically
different, i.e., the cells are as active on tin as on the other substrates (one
way ANOVA, p = 0.256 and f = 1.722).

and the stainless steel had a contact angle of 57◦, which
makes the glass and steel substrates more hydrophobic
than the tin oxide.

3.2. Surface roughness
The surface roughness of the coverslips and the tin ox-
ide surfaces were low compared with the surface rough-
ness of the stainless steel, which was much greater,
Fig. 1. The surface roughness of the coverslip was Ra
= 2.8 nm Rms = 3.5 nm, the tin oxide surface had a
roughness of Ra = 4.9 nm, Rms = 6.3 nm, while the
stainless steel had a Ra = 39.5 nm and Rms = 52.4 nm.

3.3. Cell activity
Cell metabolic activity as measured by the Almar Blue
assay, Fig. 2. Cell activity is similar on all samples (one
way ANOVA, p = 0.256 and f = 1.722). This shows
that tin oxide shows no more cytotoxicity than stainless
steel or glass.

3.4. Total DNA
Total DNA was measured using Hoechst 33258, Fig. 3.
This indicated the number of cells on each sample.
Again there was no significant difference between the

Figure 3 Graph of the µg of DNA per ml of cell extract. No significant
difference between samples, one way ANOVA ( f = 0.804, p = 0. 49).
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Figure 4 Graph of activity per DNA unit for each substrate. This was
obtained by dividing the activity by the DNA value for each replicant.
One way ANOVA shows that there is no significant difference between
samples.

samples when measured using a one way ANOVA ( f
= 0.804, p = 0. 49).

3.5. Activity per DNA unit
The graph in Fig. 4 shows the activity per DNA unit and
was obtained by dividing the activity by the DNA value
for each replicant. There is no significant difference
between the samples.

3.6. SEM images of the cells
Cells grew on all three samples. Coverage on the
glass surface was not complete (Fig. 5(a)). Cells were

Figure 5 (a) Low magnification SEM image of cells growing on the
glass substrate. (b) High magnification image of the cells on glass. The
cells appear elongated on the surface, but there is incomplete coverage.

Figure 6 (a) Low magnification of cells growth on stainless steel. (b)
High magnification image of cells on stainless steel. The filopodia are
very extensive on the steel samples, coverage is incomplete.

well spread and elongated with long processes visible
(Fig. 5(b)). Similarly, coverage was not complete on the
stainless steel (Fig. 6(a)) although there was extensive
cell coverage with cells forming an interconnecting net-
work. Morphologically cells appeared as elongated on
the glass sample but there were also numerous flattened
cells surrounded by filopodia (Fig. 6(b)). In contrast the
cells on the tin oxide surface showed extensive cover-
age with multilayered areas (Fig. 7(a)). Although occa-
sional elongate or rounded cells (Fig. 7(b)) were visible
the majority of the cells were flattened with numerous
filopodia.

3.7. Circularity
The circularity (Fig. 8) describes the cell spreading on
the surfaces of the samples. The stainless steel did not
have full coverage and the cells appeared elongated.
There was also incomplete coverage on the glass but
the cells were well spread on the sample. There was
complete coverage on the tin oxide surface with some
evidence of multi-layer formation.

4. Discussion
As there is no significant difference between the activ-
ity per DNA unit of the samples, it can be inferred that
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Figure 7 (a) Low magnification image of cells grown on tin oxide sur-
face. (b) High magnification image. The images would seem to indicate
that the cells are more numerous on the tin oxide surface than on the
other two surfaces. There is complete coverage of the surface with cells
and there is evidence of multi-layers.

Figure 8 Graph of number of cells versus circularity. A circularity of 1
signifies a perfect circle, whereas a circularity of 0 indicates an elongated
polygon. The significant peak between 0.25–0.3 for stainless steel indi-
cates that the cells tend towards an elongated polygon, this is likely to be
due to the elongation of the cells on the surface. The biggest peak for the
glass shows that more cells were more rounded on this substrate. Cells
on tin oxide were mostly well spread. There were a number of cells that
were more rounded. This graph reflects the SEM images in Figs. 5–7.

the cells are equally active on each material. From this it
may be inferred that the tin oxide coating does not stim-
ulate any specific biological activity in 3T3 fibroblasts.

Cell responses to surfaces are dominated by two
broad categories: chemistry and topography. Measure-
ments of surface roughness will describe the topogra-

phy. The tin oxide coating has a low Ra value. The limit
of fibroblast responses to topography has been reported
to be ∼10 nm [30]. Therefore in the case of tin oxide, to-
pography is unlikely to be the dominating factor. How-
ever, contact angle measurements have revealed that the
tin oxide surface is highly wettable, i.e., hydrophilic.
Although the specific influence of surface hydrophilic-
ity on cell adhesion is still somewhat controversial [31],
numerous studies have indicated that hydrophilic sur-
faces are particularly suitable for supporting cell adhe-
sion. Cell spreading on the materials showed that cells
were particularly well spread on the tin oxide surface.
The graph of circularity (Fig. 8) shows that all the cells
had a biphasic distribution of morphology. This would
be logical based on the assumption that a population of
viable cells would become rounded as they entered the
cell cycle. Therefore cell attachment can be assessed
by looking at the balance between rounded and spread
cells. In the case of glass the largest peak is at 0.4–.0.45
with smaller peaks at 0.25–0.3, which indicates that the
largest population of cells has a bias towards a rounded
morphology. In contrast, stainless steel has the largest
peak between 0.25–0.3 reflecting the more elongated
morphology of the cells. It is clear therefore that the
tin oxide coating supports cell growth and attachment
at least as successfully as commercial stainless steel.
However, on the stainless steel the tendency of the hy-
drophobic surface to prevent cell spreading has been
offset by the surface roughness. This means that the
surface wettability of the tin oxide and glass are the
dominating property, while both the surface wettability
and topography of the stainless steel contribute to the
final cell response. Tin oxide has a peak between 0.45–
0.5 and two further peaks between 0.2–0.3, this reflect
the balance between the well spread cells seen on the
SEM micrographs and the rounded morphology which
may reflect cell proliferation.
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