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Fig. 8. SEM images of cell-seeded multi-microwells prepared from P(T/P200) on a glass surface: (A) multi-microwells and (B} and (C)
microphotograph of a cell adhering only to the glass surface.
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Fig. 10. SEM images of microcone array composed of P(T, /P200) or P(T/P1k) implanted under the dorsal subcutis of a rat. Before implantation (4,
B), at l-week implantation (C, D) and at 4-week implantation (E, F).
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Fig. 11. Histological cross-sectional microphotographs of subcuta-
neous tissues surrounding the implanted photo-polymerized construct
at 1-week implantation; nonloaded (A, B) and dexamethasone-loaded
(€ D). . .

highly swellable P(T/P1k) and poorly swellable P(T/
P200). The nonloaded or drug-loaded microcone arrays
were implanted under the dorsal subcutis of rats'and the
surrounding tissues of implanted photo-polymerized
constructs at l-week implantation were harvested,
Differences in the features of tissues surrounding the
constructs between nonloaded and dexamethasone-
loaded microcone arrays and also between P(T/Pik)-
and P(T/P200)-derived microcone arrays were observed.
A large number of fibroblasts and leucocytes, such as
neutrophils and monocytes, induced due to the foreign-
body antigenic inflammatory reaction invaded into the
subcutis surrounding the nonleaded construct made of
P(T/PIk) (Fig. 11B). The extent of foreign-body
inflammatory reaction decreased in the order: non-
loaded P(T/Plk)-based»nonleaded P(T/P200)-base-
d>drug-loaded P(T/P200)-based  drug-loaded P(T/
Pik)-based. Irrespective of the type of construct, drug-
loading significantly reduced the invasion of cells into
the surrounding tissues (Fig. 11). Such a tendency was
more prominent for P(T/Plk) than for P(T/P200}.
Leucocytes were hardly observed in tissues surrounding
the drug-loaded construct made of P(T/P1k) (Fig. 11D).
This indicates that photo-polymerized construct made
of drug-loaded P(T/P1k) minimized the inflammmatory
reaction.

4. Discussion

SL using the layer-by-layer photo-fabrication meth-
od, which employs computer-aided manufacturing
(CAM), light beam, and photo-polymerizable prepoly-
mers, allows the generation of complex 3D constructs

[1-4]. Using the SL technique, various medical applica-
tions, such as photo-polymerized constructs of micro-
architectural surfaces and precision micro- and
macroshaped devices for drug delivery matrices, im-
plants and scaffolds for engineered tissues may be
feasible using biocompatible biodegradable photo-poly-
merizable liquid prepolymers with the ability to rapidly
solidify upon UV irradiation, but only few applications
have been utilized [10,17]. For biomedical applications,
the design of photo-polymerizable biocompatible liquid
prepolymers is essentially required. However, only a few
studies on such prepolymers were reported. Along with
the design criteria satisfying- the requirements for
biomedical applications, we prepared multi-functional
liquid prepolymers based on TMC and CL., which were
capped 'with an acrylate group at the ends, because both
TMC and CL can be metabolized in the body. Cooke et
al. has developed ' a 3D photo-polymerized bone
substrate, the external surface and internal geometry
of which was of the actual size for implantation (50 mm
diameter and 4mm thick), prepared from a biodegrad-
able poly(propylene fumarate) (PPF) with a photo-
initiator using a commercially available SLA device {17].

In our previous study, we synthesized biodegradable
liquid acrylated TMC-based prepolymers, which were
initiated by tri-ol (TMP) or linear PEGs with a mol. wt.
of 200 or 1000, and then evaluated the photo-
polymerizing characteristics and. hydrolytic behavior
after photo-polymerization by visible-light irradiation,
the photo-polymerized films derived from a low
molecular weight PEG (PEG200) and TMP exhibited
a much lower hydrolysis potential than PEGI000-
derived polymers in terms of weight loss, water uptake,
swelling depth, and micromechanical properties of the
surface [18].

In this article, precisely designed microarchitec-
tures were photo-polymerized using the three different
acrylated liquid prepolymers [T/P200, T/Plk, and T/
TMPF], which exhibited liquid-to-solid transformation
within 10-20s of UV-irradiation at a photo-intensity of
2 W/cm® at 365 am, irrespective of prepolymer (Table 1
and Fig. 3). Our custom-designed pSL apparatus

. consisted of a movable light pen for the x and y axes

with a photo-mask, a movable table for the z axis, UV-
light source, and liquid prepolymer bath operated
using the CAD/CAM system was useful for photo-

_polymerizing -microscale constructs as evidenced in

the SEM images, such as the micropillar array, micro-
cone array, microbank array, and multi-microtunnels,

~which may have possible applications such as the
microarchitectural surfaces for drug releasing or the

cell platform for guidance and the 3D spatio-regiospe-
cific segregation matrix for tissue engineering (Figs. 5
and 6).’ ' o

Qur results showed that PEG-based hydrophilic
photo-polymerized films {P(T/P200) and P(T/Plk)],
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whose receding contact angles were 27° and less than 5°,
respectively, exhibited a very low cell adhesion potential,
whereas P(T/TMP) (receding contact angle, 47.4°)
exhibited high cell adhesion and proliferation potentials
(Table I and Fig. 7). Exploiting these differences in
properties between hydrophilic and relatively hydro-
phobic TMC-based prepolymers, functicnally designed
microarchitectural constructs such as multi-microwells
with noncell adhesion potential (P(T/P200)) on the glass
surface and composite microbank array which consisted
of a cell-adhesive plate (P(T/TMP)) and mnoncell-
adhesive banks (P(T/P200)) were photo-polymerized.
Cells only adhered and spread inside the square wells
(on the glass surface) in the multi-microwells (Figs. 8B
and C). Well-adhered and spread cells were observed on
the plate for composite microbank array, whereas cells
were hardly observed on the PEG-based prepolymer-
derived banks (Fig. 9). Regarding drug-releasing micro-
architectured surfaces, implanted microcone arrays
impregnated with or without an anti-inflammatory
drug, dexamethasone, affected the polymer-dependent
degree of foreign-body inflammatory reactions, which
induced neutrophils, monocytes, lymphocytes, and
fibroblasts. The degree of reaction was decreased in
the order: nonloaded P(T/P1k)-based 3> nonloaded P(T/
P200)-based >drug-loaded P(T/P200}-based > drug-
loaded P{T/Plk)-based (Fig. I1). This tendency is
probably due to the different hydrolytic characteristics
of the two polymers such as depree of water adsorptivity
{2% for P(T/P200} and 30% for P(T/P1k), respectively)
and degradation rate in vivo (Table 1 and Fig_ 10). That
is, a highly swellable and fast degradable P(T/Plk)-
based photo-polymerized construct can take up and
release a large amount of an aqueous drug solution than
a poorly sweliable and slow degradable P(T/P200)-based
construct.

5. Conclusion

In this study, precisely and functionally designed
microarchitectural constructs made of photo-polymeriz-
able biodegradable TMC-based liquid prepolymers have
been photo-polymerized using a custom-designed pSL
apparatus automated by CAD system. The uSL-driven
photo-polymerized construct having a wide scope of
bhydrolytic characteristics and cell adhesive/noncell
adhesive properties can provide advanced precision
microfabricated devices for drug delivery matrices,
implants and engineered tissues. Our next target using
uSL with these liquid prepolymers is to fabricate a few
tenths micron-order microneedle-array-covered stent to
minimize excessive tissue ingrowth (intimal hyperplasia)
in atherosclerotic vessels, which will be realized using a
pSL two-photon system.
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