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Novel CD-based supramolecular
multifunctional systems

Report on EuroCD European Cyclodextrin Conference

Oct. 6-9, 2015, Lille

The conference organized by the French Cyclodextrin Society, Bernard Martel, Sophie
Fourmentin and Eric Monflier was a significant event with 170 participants from 4 continents.
The 9 invited, 37 oral, 18 flash presentations and 66 posters covered various fields of
cyclodextrin research and applications. Most of the presentations, however, focused on

pharmaceutical applications.

As much as 18 of the 84 posters were selected by the organizing committee for flash
presentation as a novel form of presentation introduced to the CD conferences here. The
authors got the possibility to show their main results in 5-minute talks without discussion. The
Best Flash Presentation prize was awarded to Annika Heel and Hartwig Steckel for the
demonstration of the hot-melt extrusion process in the preparation of itraconazole/BCD
complex [1]. Granulate-like, amorphous product was obtained showing that at industrial scales

this easily up-scalable technology could substitute kneading.

The Best Poster Prize was won by Georgios Miliotis et al. The poster showed that anionic
EDTA-type CDs having chelating properties toward metal cations were able to inhibit metallo-
B-lactamases, the enzymes responsible for antibiotic resistance of Gram-negative bacteria [2].
In vitro studies proved that these EDTA-type CDs significantly enhanced antimicrobial activity

of the antibiotic imipenem against metallo-B-lactamase-producing K. pneumonia.

The present issue of the Cyclodextrin News contains the keywords of all the presentations of
the EuroCD conference. The leading topic was still the pharmaceutical application: the half of
the presentations belong to this category (48%). Synthesis of novel CD derivatives and CD-
grafted polymers, etc. (19%), studying the complex formation of non-pharmaceutical guest
molecules (13%), industrial applications including catalysis and environmental use (10%),
food applications (5%), sensors and analytical applications (4%) follow in this order.
Interestingly the effect of various CDs on the cell membrane and other cell organelles, very

widely studied earlier was hardly represented.
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The preparation and characterization of various supramolecular multifunctional systems mainly

for drug delivery seemed to be in the focus. Some examples are listed below.

CD nanoparticles with intrinsic apoptotic effects on MCF-7 human breast cancer cell line were
prepared by nanoprecipitation method using anionic (60Capro BCD) and polycationic (BCDC6)
amphiphilic CDs [3]. Combined with paclitaxel synergic effect of anticancer drugs with

apoptosis induced by the carrier was observed.

An innovative method for compaction of DNA using host-guest interaction was demonstrated
[4]. Adamantyl moiety was attached to the cationic CD with a spacer short enough to hinder

the self-complexation. The forming cationic supramolecular polymer can interact with DNA.

Another group synthesized Pluronic-based, cholesterol end-capped cationic polyrotaxanes
(PR™) threaded with HPBCD for efficient and safe delivery of siRNA [5]. The cholesterol

moieties help the nanoparticle to enter into the cell. The more compact PR*:siRNA polyplex

formulations produce improved silencing efficiency compared to Lipofectamine 2000.
Various self-assembled nanoparticles were presented.

Jun Li gave an excellent summary on the supramolecular functional polymers including
supramolecular hydrogels for gene delivery. Vesicular nanostructures based on amphiphilic
star-block copolymers with adamantyl end-group interacted with dimethyl-BCD and were
useful in cancer therapy, as well as multifunctional hybrid nano-carrier utilized for

simultaneous dual therapeutics delivery and cellular imaging, etc. [6].

The preparation of stimuli-responsive hollow nanocapsules by self-assembly of complementary
polymers containing guest moieties (ferrocene or azobenzene) and cyclodextrin units was
reported [7]. Substituted dextran polymers were assembled in alternating way on gold
nanoparticles. Next, the gold nanoparticles were removed by core dissolution and rhodamine

B, as model guest was encapsulated inside the hollow carriers by diffusion.

BCD, RAMEB and DIMEB, respectively, were grafted to polysaccharides, such as hyaluronic acid
and hydroxyethyl starch to get drug delivery systems of reduced cytotoxicity [8]. The toxicity
of BCD was diminished also by conjugating alkyl (C10) chains via biotransesterification and
interacting with PEGylated amphiphiles to result in nanoprecipitate useful for drug delivery [9].
Self-assembled amphiphilic CDs (modified with lauryl groups) were used as nanovesicles for

delivery of etoposide anticancer drug [10].

Antibacterial hydroxyapatite/chitosan/CD polymer spongy hybrid was prepared for bone
regeneration [11]. The hydrogel was obtained by self-association of chitosan and CD polymer
crosslinked by citric acid in the presence of hydroxyapatite and impregnated with ciprofloxacin,
as model antibiotic. Enhancing the CD polymer content in the hydrogel resulted in decreased
swelling and faster rate of drug release. The antibacterial activity was confirmed on E. coli and
S. aureus.
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Core-shell poly(N-isopropylacrylamide) (pNIPAm) - polyacrylic acid (negatively charged)
microgels were modified by electrostatic adsorption of preformed host-guest complexes
between quaternary amino CD polymer (pBCD-N*) and (PEG, adamantane)-grafted dextrans
to obtain nanoparticles as drug carriers with improved release kinetics and thermo-responsive
properties [12]. Another thermoresponsive self-assembled cyclodextrin-end-decorated pNIPAM

was prepared as “smart catalyst” for aqueous hydroformulation [13].

Fixed dose combination bioadhesive films were obtained by printing on film. The inks
contained the anticancer and antiviral drugs solubilized via complex formation with CDs [14].
Nanoparticulate cidofovir and paclitaxel-cyclodextrin complex were combined to obtain

adhesive films against Human Papilloma Virus (HPV) infection.

Drug (dexamethasone and amphotericin B)/GCD/HPGCD mixed complex was stabilized by
poloxamer resulting in aggregates as self-assembly nanoparticles [15]. A mixture of BCD and
GCD was crosslinked with epichlorohydrin to get hydrogel carriers for a combination of two
drugs (flurbiprofen and omeprazole) to apply an antiinflammatory agent together with a

gastrointestinal protector [16].

CD was modified with 1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic acid (DOTA) an
octacoordinating chelator of gadolinium to obtain a contrasting agent which preserved the
inclusion complex forming ability [17]. It can be useful for studying the therapeutic effect of

the drug delivered by this system by MRI.

Nanofibers were produced by electrospinning ACD- and BCD-epichlorohydrin polymers using
poly(e-caprolactone) or poly(N-vinylpyrrolidone) matrices and fluconazole as antifungal drug
[18]. Good thermal stability and sustained drug release characterized the nanofiber

formulation.

The mixture of antibacterial agent triclosan with chitosan itself and blended with HPBCD or CD
polymer crosslinked with citric acid were also transferred to nanofibers by electrospinning to

obtain drug delivery systems with high surface area and porosity [19].

Monosubstituted cationic cyclodextrins were prepared and labeled with rhodamine B or
fluorescein [20]. Their complex forming ability was studied using acridine orange, a fluorescent
dye using capillary electrophoresis. The skin penetration was proved by two photon confocal

microscopy.

Monosubstituted 2!-0-, 3'-O- and 6'-0-(3-(naphthalen-2-yl)prop-2-en-1-yl) derivatives of GCD

were prepared to be used as building blocks for supramolecular polymers [21].

The increasing number of nanoparticles developed for drug delivery also challenge the
authorities. Changes in the regulatory approach toward nanomedicines were interpreted based
on the new guidelines of FDA and EMA [22].
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Folate-adamantanyl was complexed with non-ionic amphiphilic alkylthio derivatives of CDs and
loaded with pheophorbide, a photosensitizer [23]. The nanoassemblies were found effective in

photodynamic therapy of different breast cancer cell lines.

Nanoassemblies based on BCD polymer (HPBCD crosslinked with citric acid) were used as shell
entrapping photosensitiser (porphyrin) to cover gold and silver nanoparticles for photothermal
and photodynamic combined therapy (PTT-PDT) [24].

The synthesis of a bichromophoric BCD derivative bearing a nitroaniline moiety as a nitric
oxide (NO) donor and an anthracene moiety as a fluorescence label for application in PDT was
reported [25].

Injectable hydrogels, syringable implants were obtained by complexing polyethylene oxide-
polypropylene oxide (Pluronic and Tetronic) polymers with ACD [26]. Vancomycin and

simvastatin were used as model drugs in cell culture assays.

Surface modification using layer-by-layer technique based on the host-guest self-assembly or

on the electrostatic interactions was applied by several teams.

A new generation of Drug Eluting Stents (DES) based on the strong anchorage of a
biocompatible and bioresorbable cyclodextrin based polymer onto metallic devices has been
elaborated [27]. Polydopamine (PDA), a strong adhesive polymer was applied as a first coated
layer. CD was fixed by in situ polycondensation with citric acid. As a third layer an amine-rich
polymer, polyethyleneimine was used to stabilize the anionic CD layer. As an alternative

polyCD and chitosan layers were applied using layer-by-layer deposition technique.

A monolayer of a polyanionic BCD hyaluronamide was deposited on the surface of

polydimethylsiloxane elastomers coated with amphiphilic protein hydrophobin [28].

Textiles were modified with multilayer CD polyelectrolites (citric acid-CD polymer and
quaternary amino CD polymer) using layer-by-layer technique to obtain textiles with
antibacterial properties to be applied as wound coatings, prostheses etc. [29]. Sustained
release of three model compounds such as tert-butyl benzoic acid, methylene blue and

triclosan was presented.

Fluorescent CD was grafted on silica to enhance the sensitivity and selectivity of sensing the
volatile organic compounds (VOCs) [30]. BCD grafted to silica nanoparticles by
environmentally benign microwave irradiation in water as solvent and by a solventless
technology in planetary ball mill was loaded with palladium to obtain an efficient catalyst of

coupling reactions and reductions [31].

Rod-like Al,O5, spherical TiO, and fibrous SiO, nanocatalysts were prepared combining

supramolecular host-guest complexes with CDs and organometallic compounds [32].
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In addition to the above examples several interesting works have been presented. The
bibliographic data and the keywords based on the Abstract Book of the conference have been

published in this issue of Cyclodextrin News.

The venue of the next EuroCD has been decided: it will be organized by Helene M. Cabral in
Lisbon in October 2017.
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