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An apatite layer was formed on a transparent polystyrene
(PS) substrate using a simple surface modification process, in
which apatite precursors were deposited on a PS substrate
surface that was then immersed in a calcium phosphate solution
supersaturated with respect to apatite. The apatite-coated PS
substrate thus obtained was highly transparent, which enables
in situ observation of cell behavior on the surface apatite layer
under a transmission optical microscope.

Apatite is a major inorganic component of human hard tis-
sues, and exhibits bone-bonding ability in vivo. Therefore, sin-
tered apatite and its composites with other calcium phosphates
or polymeric materials have been widely used in orthopedic
applications. Another important application of apatite is as a cell
culture substrate to study the behavior of bone cells including
osteoblasts and osteoclasts on the apatite surface.! For in situ
observation of viable cells under an optical microscope, a cell
culture substrate should be highly transparent. Although various
processes have been developed to prepare a transparent sintered
apatite, all of them involve complicated and costly procedures
including heat treatment. In addition, sintered apatite has limited
variety in its composition and structure, and is largely different
from bone apatite. Coating a transparent and inexpensive sub-
strate with an apatite layer using a low-temperature process
would be an improvement on the approach using a sintering
process. As a substrate material, polystyrene (PS) is highly ap-
propriate, as it has long been used as a cell culture substrate in
the form of dishes, flasks, plates etc., owing to its high transpar-
ency, fine mechanical and chemical properties, and economy of
production. Among the various coating processes used to place
an apatite layer on a polymer substrate,>”’ a process using a
metastable calcium phosphate (CaP) solution supersaturated
with respect to apatite,*® is intrinsically suitable to produce apa-
tite with a desired composition and structure. By selecting vari-
ous solution conditions, such as pH, reagent concentration, and
temperature, the composition and structure of apatite deposited
from the solution can be considerably varied. For example,
bonelike apatite with a composition and structure similar to that
of bone apatite can be obtained from a CaP solution with pH, ion
concentrations, and temperature approximately equal to those
of human blood plasma. The problems of previous processes*>
using CaP solutions include complicated and long-term modifi-
cation procedures.

The present authors have recently developed a simple and
quick surface modification process to coat an apatite layer onto
a polymer surface.® In this process, apatite precursors are depos-

ited onto a polymer surface using plasma and a simplified
alternate dipping treatment,” and the polymer was then im-
mersed in a CaP solution. Although opaque poly(&-caprolac-
tone) (PCL) has been tested hitherto,® it remains unknown
whether this surface modification process can be applied to PS
retaining its transparency. In the present study, a PS substrate
was subjected to the surface modification process described
above. The specimen thus obtained was tested as a cell culture
substrate for in situ observation of cells on its surface.

A PS substrate was treated with oxygen plasma.® X-ray pho-
toelectron spectroscopy (XPS) revealed that oxygen-containing
functional groups such as carbonyl and carboxyl groups were
produced on the PS surface by the plasma treatment. According-
ly, water contact angle on the PS surface was decreased from 98°
to 7° after the plasma treatment. The untreated and plasma-treat-
ed specimens were then subjected to the alternate dipping treat-
ment%? (denoted as U-PS and P-PS, respectively). According to
XPS, calcium and phosphorus peaks were readily detected on the
P—PS surface, but not on the U-PS surface. This result suggests
that a kind of calcium phosphate was deposited only on the P-PS
surface. It is considered that the functional groups formed on the
plasma-treated PS surface are a prerequisite for deposition of the
calcium phosphate. The calcium phosphate deposited on the
P-PS surface is most likely to be amorphous calcium phosphate
(ACP), according to our previous observation using a transmis-
sion electron microscope.'”

U-PS and P-PS were subsequently immersed in the CaP
solution.!! After 24 h, a uniform layer with a water contact angle
of 7° and thickness of approximately 3 um was formed only on
the P-PS surface (Figure 1). In contrast to P-PS, the surface
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Figure 1. SEM photographs of the surfaces of U-PS and P-PS,
after immersion in the CaP solution for 24 h.
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Figure 2. Photographs of the PS substrate, before and after the
present surface modification process.
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Figure 3. Transmission optical micrograph of the viable cells
cultured on the apatite-coated PS substrate.

structure of U-PS was unchanged even after immersion in the
CaP solution. The layer observed on the P-PS surface was iden-
tified as low-crystalline apatite from the thin-film X-ray diffrac-
tion data. It is considered that P-PS formed an apatite layer on its
surface in the CaP solution using ACP as a precursor of apatite.
These results are consistent with previous results obtained with
PCL.°

Transparency of PS was successfully retained even after the
present surface modification process, as shown in Figure 2. This
indicates potential applicability of the resulting apatite-coated
PS substrate as a cell culture substrate. Therefore, osteosarcoma
cells were cultured on the apatite-coated PS substrate thus
obtained.'? A transmission optical micrograph of the viable cells
after culture is shown in Figure 3. As shown in the figure, cell
morphology can be clearly observed under a transmission optical
microscope in situ without fixation and dying of the cells, which
is required for an opaque cell culture substrate.

It should be noted that the present surface modification
process is simple compared to previous processes,*® and
can be completed within 2d without using any toxic reagents.
Moreover, this process is applicable to commercially available
PS cell culture substrates such as 12-well cell culture plates (data
not shown). On these PS cell culture substrates, various types
of apatite including bonelike apatite,® protein-immobilized
apatite,’® and antibacterial agent-immobilized apatite'* can be
formed using various CaP solutions. Hence, the present process
is potentially a powerful tool for the future study of cell behavior
on the surface of various kinds of apatite, as to be published
elsewhere.

In summary, the present surface modification process was
found to be useful to produce an apatite-coated PS substrate
while retaining transparency of the PS. The resulting composite
was applicable as a cell culture substrate that enabled in situ
cell observation on the surface apatite layer using a transmission
optical microscope.
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