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Introduction

The restenosis of the artery treated by percutanecus transliminal angioplasty (PTA) is one of
the main drawback of this surgical treatment. Bare-metal stents are generally placed in the
artery lumen at the site of stenosis (lumen occlusion by athercsclerctic plagues), significantly
improving the clinical outcome of treated patients. Indeed, the frequent induction of the
exuberant proliferation of coronary smooth muscle cells (CSMCs), determines the re-
occlusion of the treated artery tract (in-stent restenosis). A solution for this problem is under
studying by approaches that mvolve the use of dmug eluting stents (DES) which are able to
release in sitm antipreliferative diugs.

Gelling matrix made up by Pluronic F127 (PF127) and alginate have been proposed as a
suitable endo-arterial delivery system. PF127 can and alginate. separately, are able to form
reverse thermoresponsive hydrogels and temperature insensitive ionotropic gels respectively.
The innovative therapeutic procedure provides that. after stent implantation, the Pluronic with
dmg/alzmate aqueons solution 1s applied, by means of a catheter. to the endo-vascular surface
with the consequent gelation of the PF127 due to the body temperature. Subsequently, the
inner surface of the gel iz briefly exposed to a bivalent cation solution thus inducing the
formation of a strong alginate gel directly facing the blood. The strength of hard gel 1s due to
interactions between alginate and ions, the resulting structures are called egg-boxes. Cations
have not enough time to diffuse through the entive gel thickness thus they leave a “soft™ gel
layer in conmtact with the artery wall that can release the dmgs to the arterial wall where
CSMCs, the target cells, reside. The alginate gel layer, on the contrary, is sufficiently hard to
resist to the blood flow erosion and to protect, at the same time, the “soft”™ laver [1].

The aim of this work is to investigate the kinetic of alginate reticulation in presence of
cuprum ions and to optimize the conditions for stent covering. In-witro and in-silico models of
a mman artery, in order to test and to characterize the experimental procedure to cover the
stent are performed.

Experimental
Materials

The aguecns solution of Pluronic F127 and alginate (Protanal LF10V60, with 30% manmwonic
acid, 70% guluronic acid residues) was prepared with the so called “cold method”, by slow
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addition, voder stiming, of given amount of PF127 (18% wiw) and LF10/60 (2% w/w) to
distilled water i a beaker kept at 3°C. After dissolution, the system was stored at 4°C for 12h
(gelling phenemena and Pluronie solution behaviour are studied by previous experiments [2]).
As reticulating agent solutions of CuS0y with several concentrations have been used.

Methods

Teo produce the hard-gel films some ml of Pluronic/alginate water solution was poured in a
Petri dish, which was placed mn a thermostatic bath at 37°C to allow the thermal gelation of
the Pluronic. After the soft-gel production, seme Coprum sulfate solution was poured on the
gel layer, and the reticulation was performed for several tunes. Reticulation times mvestigated
were 1. 2. 3, 4 and 5 minutes; the concentrations of Coprom were 1. 2. 3. 4 and 5 gL of Cu™.
After the reticulation, the hard-gel laver was removed, washed and its thickness was
measured.

The Pluronic/alginate ‘water solution was alse imjected in a silicone tube minncking a hnman
artery (internal diameter 3 mm), by a small fube (outer diameter 2.4 mm) sumicking the
catheter. By this way. hollow cylinders of gel (height 2-3 em. thickness about 300 microns)
were obtained to test the feasibility of the proposed technigues.

Modeling

A mathematical model to describe the reticulation phenomenon was proposed, accounting for
cuprim ions diffusion and strong gel production (modeled as a first-order reaction). Model
parameters (diffusion coefficient, kinetic rate constant) were tuned by comparisen with
experimental data.

Results and Discussions

The m-silico model is developed to sumulate the
reficulation phencmenon in  a  geometry
approximating a stent coversd by gel ie. a
hollow thin-walled cylinder. This is performed
by a FEM commercial code (COMSOL
Multiphysics® 34), writing and solving the
diffusion-reaction equations for Cu” ions and for
reticulated hard-gel. The domain of integration is
showed in Figure 1. The model consists of two
equations, the former to  describe cuprum
behavior in soft gel phase and the lafter to

describe the ireversible reaction of egg-boxes  Figure 1. The domain of integration for the
formation. Cueprum concentration in soft gel is  simulation of alginate reticulation in the
related to ions concentration in the liguid scolution ~ real artery (in-silico madel).

by a linear egquoilibriom relatien.  Model

parameters are obtained from the fitting of several experimental data [3]. There is a pood
cotrespondence between model and experimental data. Thus, gel behaviowr with fune can be
predicted. Egg-boxes concentration versus cylinder radins at different times are represented in
Figure 2. 5° 15 critical egg-box concentration above which the gel can be considered totally
reticulated.
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Fizure 1. Ezz-boxes concentration profiles ver:us cvlinder radms at different times. The gel becomes
“hard” when egz-boxes concentration reach value %%, Since the cvlinder thickmess iz very low, after a
few time all gel can be considered reticulated.

Conclusions

The kinetic of alginate reticulation is investigated by an ad-hoc designed experiment, and it is
described by a mathematical model, which is found able to describe nicely experimental data
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