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Y, Hattori T, 0i K, Matsuda T, Kataoka K, 17-20, 2002, Chicago, USA)
Akira T. Uwatoku T, Shimokawa H, Abe K, Matsumoto
Application of nanoparticle technology Y, Hattori T, Takeshita A, Application
for the prevention of restenosis after of nanotechnology for the prevention of
balloon injury in rats. neointimal formation after balloon
Cire Res., in press (2003). injury in rats. Circulation. 106 (Suppl

IT) :11-150, 2002.
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3)Kandabashi T, Shimokawa H, Mukai Y, RERE - FHIER

matoba T, Kunihiro I, Morikawa X, Ito M, HEEA @ AA{LEENSH

Takzhashi 8, Kaibuchi K, Takeshita A. HEEH : 200246 3H16H

Involvement of Rho—kinase in agonists-— HEE&S . 2002—-7222

induced conractions of arteriosclerotic

human arteries. 2. RAFHEER: L

Arterioscler Throm Vasc Biol,

2002;22:243-248. 3. T U
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Photocurable Liquid Biodegradable Copolymer: Synthesis of Acrylate—endcapped
Trimethylene Carbonate-based Copolymers, Photocuring and Hydrolytic Behaviors

SMEPIRE HEEX BE  (ANMAPFHEPERTRtT L2 —-BBIE)

Abstract : A senies of photocurable liquid biodegradable tnmethylene carbonate (TMC)-based (co)
prepolymers were prepared by ring-opening copolymerization, in which TMC and/or L-lactide were
polymerized with a low-molecular-weight PEG (mel. wt. 200, 600, or 1,000) or trimethylene propane
(TMP). Resultant (co) oligomers were paste, viscous liquid or liquid at room temperature, depending on
the monomer compositicn and molecular ratio. And subsequently acrylate-endcapping was pezfonf}ed at
terminal ends of liquid-type (co) oligomers for visible-light inducing photocuring. More than %0% of
acrylation was attained. Upon visible-light irradiation, the gel yield increased with photoirradiation time,
photointensity, and camphorquinone concentration. The photocured copolymers obtained from a low
molecular weight PEG (PEG200) and a low molecular alcohol (TMP) showed lower weight loss, water
uptake, and swelling depth than copolymers obtained from PEGIO00. Young's meduli of outermost
surface region and subsurface of the pholocured copolymer films were decreased with an increase of
these hydrophilicity and immersion time. Copolymers obtained from PEG were hydrophilic and not cell
adhesive. Otherwise, copolymer obtained from TMP showed cell adhesion and proliferation. These
photocurable polymers with different hydrolytical characteristics and cell adhesivity can be considered to

be useful for fabrication micro-stereclithograph photoconstructs, which is now under study.

A. Purpose liquid. In this study, we prepared a senies of liquid

Aliphatic polyesters, currently used as a matrix acrylated TMC-based biodegradable polymers,
or a scaffold in implant devices, are solid. If a which was obtained by polymerization with a low
liquid biodegradable polymer can be rapidly molecular weight PEG as an initiator and
transformed 1o a solid by  visible-light subsequently acrylate-endcapped. The visible -

photoirradiation in the presence of radical light-induced photocuring characteristics,
generator, such photocurable versatility can be hydrolytic behaviors, and cell adhesivity were
useful for various medical applications, Our evaluated.

previous studies showed that trimethylene

carbonate (TMCY g-caprolactone {CL) B. Methods

copolymers endeapped with photoreactive groups TMC-based prepolymers were prepared

such as coumarin, phenylazide, and acrylate were using TMC as monomer and poly (ethylene

ligud, but converted to sohd upon glycoD(PEG) (mol. wt 200 or 1,000) or

photoirradiation. trimethylene propane (TMP) as an initiator and
L.ow molecular weight poly (TMC) is a viscous tin(II)2-ethylhexanoate as a catalyst at almost full
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conversion. Subsequently hydroxyl groups at

tenminal ends of prepolymers were esterificated

using an excess of acryloy! chloride.
Visible-light-induced

characteristics were investigated with different

photocuring

conditions such as light intensity,
camphorquinone  concentration, and liquid
film thickness.

The degradation behaviors in PBS were
determined from weight loss, water uptake, and
microscopic changes observed under scanning
electron microscope (SEM) for dried samples and

atomic force microscope (AFM) in water.

Swelling depth was measured with a confocal
laser-scanning microscope (LSM). To charactenize
of the
microscopic
indentation test was performed by an AFM.

the changes of elastic properties

copolymers during  hydrolysis,

Young’s modulus of outermost surface region and
subsurface, and thickness of highly swollen layer
were calculated from the force-indentation curves.
Adhesion, spread, and proliferation of fibroblasts
(Swiss3T3) were carried out on the photocured
films with or without 4-week immersion in PBS.

C. Results and Discussion

Table 1. Liquid acrylate-endcapped copolymers

Acrylate mmﬁ Mma‘

TMC: Initiator Acrylated Gel yield

Palymer Initiator
Code

Photocured film
Contact angle

ratiof%) Max(%) Advancing Reoeding

T/Plka PEG 1000 T 007

97

927 138 3162 =t

i

TP PEGI000 | 0029 9 861 279 £526 93 £203
T/F200a  PEG 200 1 : 0074 9 923 555 4099 2034 110
TIP200b  FEG 200 10247 50 979 415 4255 27.0 4356
TTMP  TMP 1 ;0168 92 918 592 4150 474 4 533
o) determined by H-NMR. b rapidly swelled and almost wet.

» Weight loss

Weight loss (%)

Immersion time (weeks)

®)

Water uptake (%)

Water uptake
601 ¢
50 _
404 /.

304

204

Immersion time {weeks)

Figure 1. (a) The weight loss and (b) water uptake of photocured (co) polymer films
(P(T/P1kb) (), P(T/P200b) (O), P(T/TMP) (A), and P(T/L/P1k) () during

degradation (n=3).
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Figure 2. Hertz model for a conical tip and or for flat-ended cylindric tip applied Young’s moduli
of the outermost surface region ({J) and subsurface (B) fitted from force-indentation curves {a)
P(T/P1kb), (b) P(T/P200b), and (c) P(T/TMP) (n=10).

(1) TMC-based prepolymers were paste,
viscous liquid, or liquid at room temperature,
depending on the composition and molar ratio of
the monomer to the hydroxyl groups of the
(Table 1). (2) Under

jrradiation at higher light intensity (100 and 200

initiator visible-light
mW/cm?) for over 10 sec. of irradiation, the gel
yield of over 90% was obtained, irrespective of
acrylated polymers. (3) [respective of type of
acrylated polymers, weight loss and water uptake
of the photocured films gradually increased with
the immersion time. The photocured films of
copolymers (T/P200b and T/TMP) exhibited
much smaller weight loss (Figure ta) and much
lower water uptake (Figure 1b) than (T/P1ka). (4)
SEM images showed that surfaces of higher
degradable copolymers were more roughened
upon immersion into water than those of less
biodegradable copolymer. (5} Both surface and
bulk region were highly swellable for TMC-based
copolymer (T/Plka),
limited to non-swellable (T/P200b) and (T/TMP},

(6) Young’s moduli of outermost surface region

whereas swelling  was

and subsurface of the photocured films except for
subsurface of (T/TMP} decreased with immersion

time. Young’s moduli of the three copolymer
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films increased with the following order;
(T/Plka) < (T/P200b) < (T/TMP) (Figure 2).
These trends suggest that Young’s modulus of the
copolymer film decreases with an increase of its
hydrophilicity. (7) Copolymers obtained from
PEG as an initiator, (T/Plka) and (T/P200b),
were hydrophilic and not cell adhesive. Otherwise,
hydrophobic copolymer (T/TMP) showed cell
adhesion and proliferation. These photocurable
copolymers with different hydrolytical
adhesivity be

considered to be useful for fabricating micro-

characteristics and cell can
stereolithograph photoconstructs, which is now

under study.

D. Cenclusion

These photocurable polymers with different
hydrolytical characteristics and cell adhesivity can
be considered to be useful for fabrication micro-
stereolithograph photoconstructs, which is now

under study.
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