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Abstract

The introduction in 2002 of the first drug-eluting stents (DES) revolutionized interventional
cardiology and their use led to a dramatic reduction in the rates of in-stent restenosis (ISR)
and the need for subsequent revascularization procedures as compared with bare metal stents
and balloon angioplasty. Stents provide mechanical support to maintain an open lumen of the
damaged vessel and enable local drug delivery to the area of vascular injury, thereby avert-
ing the need to deliver the high doses of drug required if they were to be delivered systemi-
cally. However the long term residency of the polymeric coating formulations currently used
and the fact that most of the anti-restenotic agents remain in the polymer has raised some
concerns regarding late stent thrombosis, delayed arterial healing (which may be an unin-
tended effect of the anti-restenotic agents used on the stents) and hypersensitivity reactions
to the polymers.

Biodegradable polymers with shorter residency times may help reduce the long term unde-
sirable effects and facilitate the release of active agents over a more controlled and desirable
profile. In this study the degradation and paclitaxel elution profile of two biodegradable
polymers, a tyrosine containing polyarylate termed TyRx P22-10 and poly(p,-lactide-co-
glycolide) (PLGA) coated onto coronary stents was determined in an acellular in vivo model
using gel permeation chromatography (GPC), mass loss, scanning electron (SEM) and light
microscopy (LM) as the analytical tools.

The presence of paclitaxel had no significant effect on the degradation rate of TyRx and
50:50 PLGA. TyRx degraded rapidly over a period of 120 days from an original molecular
weight (MW1) of approximately 59,000 to around 9,000. By 150 days the MWt of the poly-
mer had degraded to around 5,000 after which degradation proceeded more slowly. Degrada-
tion of PLGA was faster than TyRx and was dependant on the GA:LA (glycolide:lactide)
ratio with higher GA content leading to faster degradation rates. PLGA coatings degraded to
a MWt of around 12,000 in 30, 45 and 90 days in 50:50, 75:25 and 85:15 PLGA respectively
after which the rate of degradation decreased markedly. At a critical MWt (approximately
5,000 and 12,000 for TyRx and PLGA respectively) the polymer chains become soluble in
the aqueous media and polymer erosion occurs, leading to bulk mass loss from the polymer
matrix. As polymer mass loss progressed visual deterioration in the stent coatings became
evident with the creation of pits and pores creating a more porous structure within the stent
coating eventually leading to the exposure of the bare metal of the stent as the bulk of the
polymer coating eroded. Complete solubilisation of the TyRx coating had not occurred by
the end of the study period and was in excess of 280 days. Complete solubilisation of 50:50
and 75:25 PLGA had occurred by 45 and 105 days respectively, while traces of the 85:15
PLGA coating could still be detected after 120 days

The elution of the paclitaxel was linked to the degradation state of the polymer and occurred
over two distinct phases: a diffusion controlled stage (lag phase) in which the drug slowly
diffused out of the polymer matrix, this coincided with hydrolytic degradation of the poly-
mer and was followed by an erosion controlled stage of more rapid release associated with
mass loss of the polymer and the appearance of a more porous structure of the stent coating
which was visible using SEM. The onset of polymer erosion was slow in the TyRx coatings
due to the low water solubility of the degraded monomers resulting in a lag phase of around
250 days before there was any significant amount of paclitaxel release. The onset of polymer
erosion was faster in the PLGA coatings resulting in a shorter lag phase in paclitaxel elution.



Paclitaxel release was fastest from a 200ug 50:50 PLGA coating with a minimal lag phase.
The paclitaxel elution profile was similar for all the 400pug PLGA coatings but occurred over
different time scales dependant on the GA content of the polymer. Elution of paclitaxel was
fastest in the 50:50 PLGA coating and slowest in the 85:15 PLGA coating. There was a lag
phase in paclitaxel release of 15, 30 and 60 days in the 50:50, 75:25 and 85:15 PLGA respec-
tively and complete elution of the drug had occurred by 45, 75 and 120 days in the 50:50,
75:25 and 85:15 PLGA coatings respectively.

The drug release profile of PLGA devices has been modified by blending PLGA with low
molecular weight, hydrophilic, water soluble copolymers or blending different PLGA co-
polymers. The degradation and drug release profile of PLGA was further studied in vitro by
blending a hydrophilic low molecular weight pluronic or 50:50 PLGA into 85:15 PLGA
films coated onto PTFE discs. In this study blending hydrophilic pluronics had no effect on
the degradation rate or release of paclitaxel from 50:50 and 85:15 PLGA films. But the onset
of polymer erosion and the duration of the lag phase in paclitaxel release from 85:15 PLGA
films was reduced by blending 50:50 PLGA into the films. Blending 50:50 PLGA with a low
molecular weight of around 6,000 resulted in increased rates of mass loss and further reduc-
tions in the length of the lag phase in paclitaxel release and could be considered a viable
method to modify 85:15 PLGA for use as a coronary stent coating.

Clearly there is significant potential to develop endovascular stents to augment the physical
physiological role of these devices to prevent ISR using coatings which either provide sig-
nificant benefits directly by promoting the natural healing of the endothelium and/or indi-
rectly by delivering molecules that can control the surrounding tissues in which they are
dwelling.
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