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Introduction

Polyphenols have been attracting a growing interest by pharmaceutical, biomedical, cosmetic and food
industries due to their proven beneficial effects on human health (e.g. antioxidant and anti-
inflammatory effects with positive impact on protection of the cardiovascular system, cancer
prevention or anti-aging actions). However, an effective bioavailability is an important practical issue.
Failing to achieve it leads to no visible benefits of their use. Indeed, fast degradation in common
conditions (owing to high sensitivity to temperature, pH and light), poor solubility in biological fluids
and high metabolic and secretion rates are some well-known processes limiting polyphenols impact
[1]. Thus, the development of wvehicles aiming at stabilizing and protecting polyphenols from
degradation, also allowing their sustained release, is a key issue to improve the effectiveness of such
compounds.

In this research, we explore RAFT polymerization to develop tailored materials useful as vehicles for
the uptake and release of polyphenols. The preparation and testing of polymersomes based on RAFT-
synthetized amphiphilic block copolymers and the generation of hybrid natural/synthetic materials,
namely through the RAFT-mediated grafting of synthetic polymers on cellulose, are two different
approaches here reported.

Results and Discussion

Preparation of spherical polymer compartments (polymer vesicles) can be achieved by self-assembly
of amphiphilic block copolymers (e.g. diblock AB or triblock ABA). These kinds of architectures are
being widely considered in therapeutic and biotechnological applications [2] but their performance is
dependent on the structure and properties of the constituent block copolymers. RAFT polymerization
offers the possibility to design the block copolymers (as also does ATRP, another good alternative) to
be used as precursors of the polymersomes, namely concerning the size of the different chains and
their possible sensitivity to external stimulation (e.g. through the incorporation of pH/temperature
sensitive polymers). Following this line of thought, our research explores the RAFT for the synthesis
of different kinds of amphiphilic block copolymers, considering hydrophilic monomers, such as
acrylic acid (AA) or methacrylic acid (MAA), and styrene (S) to generate hydrophobic moieties.
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Figure 1. (a) SEM micrograph of RAFT-synthetized MAA homopolymer particles obtained through
precipitation polymerization in ACN/MeOH 10/1. (b) Measured SEC distributions for RAFT-
synthetized polystyrene homopolymers obtained alternatively in a DMF solution or by precipitation
polymerization in ethanol.




Different RAFT agents have been tested (e.g. dithiobenzoates as 4-cyano-4-
(thiobenzoylthio)pentanoic acid or trithiocarbonates as 2-cyano-2-propyl dodecyl trithiocarbonate).
Different polymerization conditions (e.g. initial proportion monomer/RAFT agent/initiator) have also
been used as a potential tool to tailor the copolymers and the final polymersomes. The effect of the use
of solution and precipitation polymerization is likewise assessed. Produced homopolymers and
copolymers are characterized using different techniques, namely GPC, FTIR and SEM (see Fig. 1(a)
and 1(b)). Our experimental work is accompanied by modeling studies concerning
solution/precipitation RAFT polymerization, aiming at the development of polymer reaction
engineering tools to design such kind of products (see Fig 2(a)).
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Figure 2. (a) Predicted time-evolution of the SEC distribution for the RAFT polymerization of styrene
in DMF solution. (b) Measured and predicted profiles for the diffusion of resveratrol across a
cellulose-based membrane separating a two-compartment cell.
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The purified copolymers were used to prepare polyphenol-loaded/non-loaded polymersomes through
their dissolution in an organic solvent in the presence/absence of the selected bioactive molecule (e.g.
resveratrol, quercetin, oleuropein), followed by its dropwise addition to a selected aqueous media (e.g.
at a specified pH value). After stirring, the resulting solution was dialyzed in a cellulose membrane
bag against the same/other aqueous media, which was replaced along the time. The loading efficiency
and the release of the different polyphenols in the polymersomes were evaluated through HPLC/UV
measurements of samples collected in the successive dialysis processes performed.

On the other hand, RAFT polymerization can also be used to graft synthetic polymers on cellulose
leading to hybrid materials with modified features (e.g. elasticity, hydrophobicity/hydrophilicity,
stimulation ability, etc.) [3]. Crosslinking of cellulose is another possible strategy to modify the
physicochemical properties of native cellulose (e.g. water absorption) [4]. These possibilities were
also explored in this work to design hybrid cellulose-based carriers for uptake/release of polyphenols,
namely concerning the sizes of the RAFT-grafted chains (see also see Fig 2(a)) or the development of
membranes with tuned rates of polyphenols diffusion (see Fig. 2(b)).

Results obtained up to now shown that RAFT polymerization is a valuable tool for designing carriers
of polyphenols. Ongoing studies explore the specific relations between the polyphenol structure (e.g.
their size/functionality) and the design of the carrier structure (e.g. polymersome size/functionality).
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