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MEETING PROGRAM 
 

May 25th, 2015 - Natural polymers in the Food and Industrial World 

12:00-13:30  Participant registration 

13:30-13:45 Opening session 

  Marina Carini, DiSFARM, Università degli Studi di Milano 

  Paola Minghetti, A.It.U.N. Faculty Advisor, Università degli Studi di Milano 

  Umberto M. Musazzi, A.It.U.N Chair, Università degli Studi di Milano 

Chairs: Umberto M. Musazzi - Francesca Borgna 

13:45-14:30 Biopolymers in food and pharmaceutical products 

  Alberto Schiraldi, DiSTAM, Università degli Studi di Milano 

14:30-15:15 Chemical and enzymatic modifications of polygalactomannans for industrial use 

  Yves Galante, ICRM, CNR 

  Michele Zaninelli, Lamberti S.p.A. 

15:15-15:30 An innovative method of synthesis of polyamidoamine nanoparticles 

  Smbat Gevorgyan, Fondazione Filarete  

15:30-16:00 Coffee Break 

Chairs: Clizia Guccione - Diego Perinelli   

16:00-16:30 Upcycle of keratin: from animal waste to biomaterials for biomedical     

  applications 

  Annalisa Aluigi, CNR-ISOF 

16:30-17:00 Techniques to modify the rheological behaviour of food and pharma products 

  Maurizio Lugli, Alfatest 

17:00-17:15 Liposomes targeting CXCR4 receptors: anti-tumor and anti-metastatic effects 

  Sara Lusa, Università degli Studi di Napoli Federico II 

17:15-17:45 Combined reological methods for food and pharma: from humidity and 

tribology to rheo-optics and beyond 

  Sandra Lanteri Lianò, Anton Paar Italia 

17:45-18:00 Synbiotic vaginal insert containing Lactobacillus crispatus, fructo-

oligosaccharides and ascorbic acid: technological and microbiological 

characterization 

  Angela Abruzzo, Università degli Studi di Bologna 

19:30  Welcome reception at Hotel dei Cavalieri Milano Duomo  
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May 26th, 2015 - Polymers and Pharma world 

09:00-09:15 Participant registration 

Chairs: Davide Frascio - Andrea Cerciello  

09:15-10:00 Polysaccharide hydrogels: from macro to nano 

 Franco Alhaique, Università di Roma "Sapienza" 

10:00-10:45 Pectin-based Injectable delivery systems for regenerative medicine  

 Maria Cristina Tanzi, Politecnico di Milano 

10:45-11:00 Adipose stromal vascular fraction within 3D natural scaffolds: a promising 

approach for intraoperative  advanced therapies 

 Barbara Vigani, Università degli Studi di Pavia 

11:00-11:15 Break 

11:15-12:00 Enhanced efficiency using AffinisolTM polymers in solubility enhancement 

 Amina Faham, Dow Europe 

12:00-12:15 Brain delivery of andrographolide by polymeric nanovectors 

 Vieri Piazzini, Università degli Studi di Firenze 

 

12:15-14:00 Light lunch e poster section 

  

Chairs: Serena Casagrande - Elisa Gurian 

14:00-14:45 Functionalization of polymers: state of art and future perspectives 

 Francesco Puoci, Università degli Studi della Calabria 

14:45-15:30 Challenges of chemical characterization of pharmaceutical excipients 

 Giovanni Boccardi, Istituto Ronzoni 

15:30-16:00 Starch as a novel material for tablet coating 

 Francesco Roversi, Rofarma Italia S.r.l. 

16:00-16:30 Natural polymers and orodispersible films for pharmaceutical use  

 Andrea M. Giori, IBSA Farmaceutici Italia - Bouty S.p.A. 

   

16:30-16:45 Final remarks 

  

16:45-17:30 Annual A.It.U.N. assembly 

 



Invited Lectures 
 

9th A.It.U.N. Annual Meeting 6 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Invited Lectures 
  



Invited Lectures 
 

9th A.It.U.N. Annual Meeting 7 

 

Biopolymers in food and pharmaceutical products 
 

Alberto Schiraldi 

Dipartimento di Scienze per gli Alimenti, la Nutrizione e l'Ambiente, UNIMI, 
Via Mangiagalli, 25 - 20133 Milano, Italy 

 
 
Food and Drugs are multicomponent and multiphase systems that can host microbes. This is why 
they actually are metastable systems with physical and chemical properties mainly governed by 
the biopolymers they host. 
The main physical property affected by biopolymers in food and drugs is the viscosity: increased 
viscosity means poor molecular mobility and therefore slow transformation (either physical or 
chemical) rates. 
Food and drug biopolymers often are mixtures of water-soluble macromolecules: this why they 
compete for the available mixture and may trigger phase separation with formation of water-in-
water emulsions. The dispersed watery phase (droplets) of such systems is rich in one 
biopolymer, while the dispersing phase mainly contains the other biopolymer(s). This is the result 
of the thermodynamic incompatibility between dislike water-soluble macromolecules. 
The solvent can move across the interphase boundaries to an extent that depends on the 
viscosity of each phase. As a result, different populations of water molecules can coexist within 
the system, each with its own thermodynamic activity: this means that the system is out of 
equilibrium. 
Several experimental approaches are available to investigate such systems. This presentation 
mainly deals with thermal analyses, namely, Calorimetry (either isothermal, IC, or differential 
scanning, DSC) and Thermogravimetry (TG, either traditional or in isothermal Knudsen regime). 
The reported examples deal with formation of gel phases, microbial contamination, assessment 
of kinetics, etc. 
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Alberto Schiraldi 
 
 
 
 
 
 

 
Academic Curriculum 

1969  Graduated in Chemistry at the University of Pavia 
1970 – 1987 Assistant Professor and Associate Professor of Physical Chemistry at the University 
  of Pavia; 
Since 1987 Full professor of Physical Chemistry the University of Milan; 
1994-1995  Head of the Dept. of Food Science and Technology 
1997-2001 Chairman of Italian Association of Calorimetry and Thermal Analysis; 
1999-2001 Ass. Member of the IUPAC Commission I.2 for Chemical Thermodynamics; 
1998-2000 Member of the Editorial Board of the J. Thermal Analysis and Calorimetry, J.  
  Chemical Thermodynamics; Polish Journal of Food Science and Nutrition. 
Since 2000 Member of American Association of Cereal Chemistry; 
2004  Chairman of the 13th ICTAC Conference (Chia Laguna, Italy); 
Since 2008 Associate councillor of the ICTAC Board. 
 

Research Activity 
1970-1987 Thermodynamics and transport properties of solid, molten and glassy ionic  
  systems; 
1980-1987 Polymerization kinetics in thermosetting systems; 
Since 1987 Phase transitions and thermal treatment of starch foods and proteins, Water 
  activity in systems of biological interest; Ligand-protein binding; Hydrocolloid gel 
  systems; growth and metabolism of microbial cultures; supercritical solvents. 
 
Coordinator of the European Project FAIR CT97-3069 "Use of wheat water extractable 
arabinoxylans (WEA) to improve stability of frozen doughs and quality of bread”. 
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Chemical and enzymatic modifications of polygalactomannans for industrial uses 
 

Yves M. Galante1 and Michele Zaninelli2 
1 Istituto di Chimica del Riconoscimento Molecolare, C.N.R., Via Mario Bianco 9 - 20131 Milano, Italy; 

2 Lamberti spa, Via Piave 18 –  21041 Albizzate (VA), Italy 

 
 
Polymers from natural, renewable sources, particularly plant polysaccharides (e.g., celluloses, 
hemicelluloses, starches, etc.), are employed in a growing number of applications, in their native 
or in chemically and/or biochemically modified forms. These biodegradable compounds are used 
mostly as: emulsion stabilizers; thickeners; rheology modifiers; agents for coating, binding, 
suspending, conditioning, levelling; in drilling fluids; for water-retention, etc., in a wide variety of 
food, feed, cosmetics, pharmaceuticals and industrial fields (e.g., oil operations, detergency, 
textile printing, building materials, paints and coatings, adhesives, inks, paper making, packaging 
material, as excipients, etc.). They often represent a valid and sustainable alternative to 
traditional synthetic polymers produced from monomers of fossil, non-renewable origin. Several 
chemical and biochemical modifications can be applied to polysaccharides to generate new 
polymeric compounds with versatile and innovative properties, still largely to be explored and 
fuelled into the global bio-economy. 
One important class of polysaccharides, not yet fully exploited by industry, are 
polygalactomanns (PGM) present as reserve polysaccharides contained in the seed endosperms 
of many leguminous plants grown in different areas of the world (e.g., cassia, locust bean, tara, 
guar, sesbania, fenugreek). Their structure is composed of a backbone of mannose units linked 
by β-1,4 glycosidic bonds with side units of galactose linked to mannose by α-1,6 glycosidic bonds. 
The average ratio of galactose to mannose is species-specific and determines the solubility and 
rheological features of the polysaccharide. It can span from 1:4.5 (Cassia) to 1:3.5 (Locust bean), 
to 1:2.5 (Tara), to 1:1.3-1.6 (Sesbania, Guar), to 1:1 (Fenugreek). 
Because of their solubility, versatility and reactivity, several chemical modifications are applied 
to guar gum: cationization, hydrophobization, conjugation, hydroxyalkylation, etc., to modify 
solubility and viscoelastic properties for any given specific application. In addition, at least three 
types of enzymatic reactions can be applied to PGM and their chemical derivates: 
depolymerization with mannanase, debranching with α-galattosidase, oxidation with galactose 
oxidase or laccase, to generate new compounds. Laccase oxidation of PGM will be illustrated in 
more details. 
 
 
References: 
Lavazza, M., Formantici, C., Langella, V., Monti, D., Pfeiffer, U., Galante, Y.M., 2011.Oxidation of 
galactomannan by laccase plus TEMPO yields an elastic gel. J. Biotechnol. 156, 108-116. 
Merlini, L., Boccia, A.C., Mendichi, R., Galante, Y.M., 2015. Enzymatic and chemical oxidation of 
polygalactomannans from the seeds of a few species of leguminous plants and characterization of the 
oxidized products. J. Biotechnol. 198, 31-43. 
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Yves Galante 
 
 
 
 
 

 
Academic Training:  Food Chemistry & Technology 
1965-1971   State University of Milan 
    Master Thesis in Biochemistry 
 

Professional Curriculum 
CURRENT POSITIONS (since Sept 2012, after retirement from private industry): 

 ASSOCIATE; INSTITUTE OF MOLECULAR RECOGNITION; NATIONAL COUNCIL OF RESEARCH (CNR); 
MILAN, ITALY 

 VISITING PROFESSOR OF BIOTECHNOLOGY; UNIVERSITA’ DEGLI STUDI DI MILANO BICOCCA 
 
1992-2012 LAMBERTI spa Specialty Chemicals; Albizzate (VA); Italy. 
  Technology and Product Manager for Biotechnology 
1990-1992 SOSTRA (Sipcam-Oxon Group), Pero (MI), Italy 
  Scientific and Biobusiness Development Manager 
1987-1990 MASBIOTEC spa, Milan, Italy 
  Founder and General Manager. A start-up biotech company dealing in immunoenzymatic 
  assays for agro-food & environmental diagnostics and in industrial enzymology 
1982-1987 RECORDATI spa, Industria Chimica & Farmaceutica; Milan, Italy 
  Head, Laboratory of Biochemistry & Immunology 
1981-1982 MERCK, SHARP & DOHME-CHIBRET, Riom, France 
  Laboratory Head, Dept. of Pharmacology 
1978-1981 SCRIPPS CLINIC & RESEARCH FOUNDATION; La Jolla, Calif., USA 
  Assistant Member, Dept. of Biochemistry 
1973-1978 SCRIPPS CLINIC & RESEARCH FOUNDATION; La Jolla, Calif., USA 
  Postdoctoral Research Fellow, Dept. of Biochemistry 
1971-1973 State University of Milan; Faculty of Agriculture; Dept. of Biochemistry 
  Research Assistant: Flavoproteins and flavoenzymes 
 

Academic Curriculum 
1984-1987 Adjunct Professor of Biotechnology; Faculty of Agriculture; State University of Milan 
1987-1990 Adjunct Professor of Biotechnology; Faculty of Pharmacy; State University of Trieste 
1990-1993 Adjunct Professor of Biotechnology; Faculty of Agriculture; State University of Milan 
1988-1994 Professor of Biotechnology; Post-Graduate School of Chemistry and  Food Technology; 
  Dept. of Chemistry, Faculty of Science; University of Parma, Italy 
2000- present Adjunct Professor of Biotechnology; University of Milano Bicocca; Faculty of Industrial 
  Biotechnology 
 

Selected Publications 
I have authored and co-authored over 60 papers in international, peer-reviewed scientific journals and several 
chapters in biochemistry books. List of publications available upon request. 
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Up-cycle of keratin: from animal waste to biomaterials for biomedical applications 
 

Annalisa Aluigi 

CNR-ISOF (National Research Council - Institute of Organic Synthesis and Photoreactivity, 
Via P. Gobetti, 101  - 40129 Bologna, Italy 

 
 
Keratin is the most abundant protein in the epidermis of vertebrates and its appendages such as 
feathers, hair, wool, nails, horns and claws. This protein is an original raw material that can be 
easily extracted from low cost and renewable biomasses, such as stock-farming wool wastes and 
feather from butchery and that can find great potential in the biomedical applications. The solid 
foundation for the development of keratin-based biomaterials for biomedical applications, 
especially tissue engineering and wound healing, is based on several key properties. Keratin 
extracted from hair and wool has been demonstrated to be easily transformed into 
biocompatible and non-toxic powders, gels, microparticles, films, sponges and nanofibrous 
membranes. Moreover, another advantage of keratin is due to the presence, in its primary 
structure, of cell binding motifs found in several extracellular matrices, such as leucine-aspartic 
acid-valine (LDV) and glutamic acid-aspartic acid-serine (EDS) binding residues, which are capable 
of supporting cellular attachment and proliferation.  
This report will focus on recent advances of keratin-based materials in biomedical field, especially 
as concern wound healing and tissue engineering. Particular attention will be given to our latest 
researches related to biomatrices made of keratin functionalized with photosensitizers (PSs), 
molecules used in the antimicrobial photo-dynamic therapy (APDT), that under irradiation react 
with ambient oxygen generating reactive oxygen species (ROS) able to inactivate bacteria. The 
potential use of these novel photo-active keratin biomatrices in wound dressing and tissue 
engineering will be highlighted by the quantification of the photo-toxic species release and 
showing their antibacterial properties, as well as, their capability to support fibroblast cell 
adhesion and proliferation. 
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Annalisa Aluigi 
 
 
 
 
 
 
 

Annalisa Aluigi got the master degree in Chemistry at the University of Perugia and her PhD in 
Material Science and Technology at the Politecnico of Turin. From 2007 to 2011 she worked as 
fixed-term researcher at CNR-ISMAC of Biella section, dealing with the processing and 
characterization of biopolymers extracted and purified from raw textile materials (especially 
keratin from wool). During this period she gained experience on preparation and 
characterization of biopolymer nanofibres by means of electrospinning process and 
development of analytical methods for distinguish fine animal fibres. 
Since July 2011 she became permanent researcher at CNR-ISMAC and from 2008 to 2011, she 
worked also as contract professor of Textile Chemistry at the Textile Engineering Course of the 
Politecnico of Turin. 
Since September 2013, Annalisa Aluigi is a permanent researcher at CNR-ISOF, in Bologna. 
Her research activity concerns the characterization and processing of biopolymers extracted and 
purified from raw textile materials (e.g. wool, silk and cotton). In particular, she deals with: 

 proteins electrospinning for the preparation of nanofibres-based materials for air cleaning, 
water depuration, wound healing and tissue engineering; 

 wool keratin based composite membranes for tissue engineering; 

 wool keratin microparticles and nanoparticles for drug delivery. 
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Techniques to modify the rheological behaviour of food and pharma products 
 

Maurizio Lugli 

Alfatest srl, Italy 

 
 

Various types of rheology modifiers are commonly used in the production of food in order to 
improve the perception of products. These ingredients, usually based on bio-polymers, are also 
used in the pharmaceutical field to obtain precise physical behavior. Features such as 
smoothness, ability to limit the separation of phases, obtaining a therefore consistent gelatin, 
the precise control of visco-elasticity in function of temperature, are some examples of how the 
rheology of a formulation can be controlled by the use of polymers. The rheological behavior of 
formulations containing particles, both emulsions and dispersions, or bio-polymers, may also be 
controlled using techniques at high shear.  
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Maurizio Lugli 
 
 
 
 
 

 
1987-1991 Service Engineer for HPLC; 
1992-1998 Sales Specialist for HPLC and Capillary Electrophoresis; 
1998-2004 Sales Specialist for Capillary DNA sequencing; 
2004-2015 Sales specialist for Rheology Instruments and On Line Laser Diffraction. 
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Combined rheological methods for food and pharma:from humidity and tribology to rheo-

optics and beyond 

 

Sandra Lanteri 

Anton Paar Italia, sandra.lanteri@anton-paar.com 

Sales and product manager Material Characterization 

 

 

Rheology plays a crucial role in materials characterisation for the measurement of viscous and 

viscoelastic properties under different conditions. 

Anton Paar MCR rheometers platform allows to combine rheological measurements with other 

relevant techniques for deeper insight on the properties of food and pharma samples: humidity, 

tribology, rheo-optical techniques (Microscopy, SALS) for structure analysis allow to get 

complete information on samples behaviour for R&D and QC. 

Besides temperature, the water content of a sample and the relative humidity of the ambient air 

is a key factor for the rheological properties of a broad variety of food. Rheological parameters 

can be used as a measure of sensory attributes like mouth feel, crispness or firmness, which are 

strongly affected by the water content. The control of humidity is also of great interest regarding 

production and storage stability. 

Tribology combines the studies of friction, wear and lubrication. In pharma/biomedical research, 

tribology is employed to understand naturally occurring motions between tissues (e.g. joints) 

and organs (e.g. pleural tissue), but also for artificially created boundaries between natural and 

implant surfaces.  It also allows to investigate the influence on friction of the liquid composition 

and used to optimize materials formulation (e.g collirium) 

Rheological measurements reveal information on macroscopic material properties. The 

combination of rheometry with optical techniques such as microscopy and Small Angle Light 

Scattering (SALS) provides additional structural information. Since the mechanical material 

properties strongly depend on the microstructure, establishing a connection between 

microstructure changes of a fluid in a flow field and their consequences on its macroscopic 

properties leads to a better understanding of the behavior of complex fluids and allows an 

optimization of their parameters. 

The innovative MCR 702 Twin Drive adds the capability to work in counter rotation mode, 

producing a stagnation plane where particles are stretched and rotated, but are immobilized 

during deformation. 
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Sandra Lanteri  

 

 

 

 

 

Ing . Sandra Lanteri graduated in 2004 in chemical engineering at Politecnico di Torino , with 

specialization in rheology. She has been worked for over 10 years in the R & D and product 

development of rheometers and other scientific instrumentation. She now works at Anton Paar 

Italy as sales & product manager and in materials characterization. 
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Polysaccharide hydrogels: from macro to nano 
  

Franco Alhaique 

“Sapienza" Università di Roma, Italy 

 
 
Among the numerous polymers that have been used for the formulation of conventional and 
modified release dosage forms, natural polysaccharides and their derivatives are indeed the 
most employed and versatile polymeric materials. Actually, it must be pointed out that 
polysaccharides, together with their intrinsic biological activity, show a wide variety of 
biomedical applications such as: drug delivery and/or targeting systems, living cell encapsulation, 
bone and cartilage repair, preparation of friendly scaffolds for tissue engineering. Furthermore, 
remaining within quite close areas of interest, polysaccharides are often present in cosmetic and 
personal care products, are used as food additives and have been proposed in formulations for 
paper and painting cleaning.  
As other synthetic and natural polymers, polysaccharides can form three-dimensional networks 
capable of imbibing large amounts of water or biological fluids: i.e. hydrogels. The overall 
polymeric structure of such hydrogels can be chemically or physically based, according to the 
type of crosslinking among the macromolecules; but both chemical and physical cross-links may 
also coexist in the same network 
Aim of this presentation is to give an overview of the thirty-five years evolution of the studies, 
carried out in the labs of pharmaceutics at the University “La Sapienza”, on polysaccharide 
hydrogels formulated in the form of macro-, micro- and nano- systems. Particular attention will 
be focused on the most recent researches on “nano-hydrogels”. Due to their extremely high 
water content and the mild loading conditions, nanogels are suitable carriers for small 
biologically active agents as well as for biomacromolecules, such as proteins that can maintain 
their native overall structure and properties. At the same time the hydrophobic microdomains 
present in their structures allow to increase the solubility and efficacy of poorly water-soluble 
substances. Polysaccharide nanogels have consequently been proposed as targeting and 
delivery systems for single drugs and for combination therapies which can lead to improvements 
of pharmacological activities and patient compliance. Because of these and other properties, 
suitable for biomedical and other applications, a quite recent review paper describes nanogels 
as “finite networks for infinite capabilities”. 
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Franco Alhaique 
 
 
 
 
 
 

 
Born in Trieste June 24th 1942 
University degree (Laurea) in Chemistry 1965, in Pharmacy 1971 
“Professor Emeritus” at the University of Rome “La Sapienza” 
 

During a first period, after the Laurea, most of the studies carried out by prof. Franco Alhaique 

were devoted to the synthesis of new bioactive substances: in particular heterocyclic 

compounds semi-synthetic penicillins and polypeptides. Since more than three decades his main 

interests have been focused on pharmaceutical technology with particular attention to 

innovative modified release dosage forms using polysaccharide hydrogels and vesicular systems. 

Prof. Alhaique was frequently abroad for his scientific activity and several researches were 

carried out in collaboration with groups working in foreign Universities (Israel, Japan, Brazil, 

Netherlands). Prof. Alhaique published more than one hundred and sixty papers, mainly on 

international journals, and participated to numerous international meetings with 

communications and as invited speaker; he is member of the editorial board of several scientific 

journals and co-editor of Journal of Drug Delivery Science and Technology. 

Prof. Alhaique teaches Pharmaceutical Technology at the University of Rome “La Sapienza” and 

at Rome 2 “Tor Vergata”(course in English). From 2010 he is President of ADRITELF (Italian 

Association for Pharmaceutical Technology and Regulatory Affairs), 
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Pectin-based injectable delivery systems for Regenerative Medicine 
 

Maria Cristina Tanzi 

Professor of Biomaterials, INSTM local Unit Politecnico di Milano, Dept. of Chemistry, Materials and Chemical 
Engineering 'G. Natta', Piazza L. da Vinci 32 - 20133 Milano, Italy 

 
 

Pectin is a family of plant polysaccharides mainly composed of D-galacturonic acid residues that 
can form gels, under mild conditions and in the presence of Ca ions. 
Pectin-based hydrogels can be designed into injectable forms suitable for 
cells/drugs/biomolecules immobilization and delivery, nowadays object of increasing interest for 
minimally invasive surgery. 
Design of injectable pectin systems 
Several aspects were investigated, such as slow gelling kinetics to obtain homogeneous gels, 
shear thinning behavior to allow injection through a needle, and tunable crosslinking kinetics to 
tailor different anatomical sites and operating procedures. A tight control of the pH of pectin 
solutions is needed to obtain the best compromise for the internal gelation mechanism, which 
requires acidic environments, and for biocompatibility of the produced gels, that implies a pH 
close to the physiological one. Pectin gels were obtained by fine-tuning NaHCO3 and CaCO3 

concentrations, using a dual syringe system for the gel preparation and rheology to evaluate the 
dependence of mechanical properties on salts concentration. 
Injectable pectin systems for cell delivery 
Pectin gels, prepared with 23 mM NaHCO3 and 50 mM CaCO3, were added with biomolecules 
typically included in the cell culture medium, such as glucose and glutamine, to support cell 
viability during the first hours of cell immobilization. Murine cells of the L929 line when 
immobilized within the gel network maintained a viability higher than 90% up to 24h.  
The injectability of the pectin gels through needles of different diameter (20, 25, 30 G) was 
investigated; viability  (live dead /assay ) and maintenance of the stemness capability (confocal 
microscopy) of human adipose stem cells immobilized within the hydrogel was demonstrated 
after 7 days of incubation. 
Injectable antimicrobial gels 
Two antimicrobial peptides (AMPs), indolicidin and chrysophsin-1, were grafted on the pectin 
backbone, using the aqueous carbodiimide chemistry. AMPectins retained their ability to form 
gels and antibacterial assays showed their ability to inhibit Gram negative and Gram-positive 
proliferation. 
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Maria Cristina Tanzi 
 
 
 
 
 

 
Maria Cristina Tanzi obtained a Master Degree in Chemistry and Pharmaceutics in 1975 (with 
honors) and a Specialization Degree in Experimental Pharmacology in 1979 at the Milano 
University. She was Associate Professor of Chemical Bioengineering and Full Professor of 
Industrial Bioengineering at the Bioengineering Department, and starting 2013 (until March 
1st2014 when she retired) at the Chemistry, Materials and Chemical Engineering Department of 
Politecnico di Milano. 
The teaching activity concerns “Biomaterials” and “Tissue Engineering and Biomimetics” at the 
Master and “Chemical Bioengineering” at the Bachelor Degree of Biomedical Engineering.  
She was Director of the Laboratory of Biomaterials and co-Director of the BioCell Lab 
(Laboratory of Biocompatibility and Cell Culture) at Politecnico di Milano.  
In May 2008 she was nominated member of The International College of Fellows of Biomaterials 
Science and Engineering (ICFBSE) 
The main research interests comprise the synthesis and characterization of polymeric materials, 
with special reference to biomaterials and hydrogels; fabrication and characterization of natural 
and synthetic polymeric scaffolds for tissue engineering; surface modification to improve 
cytocompatibility, antibacterial activity and tissue integration. 
She is Author and Co-Author of more than 250 scientific papers, 12 Italian Patents and 9 
International Patents on monomers and polymers for environmental, pharmaceutical and 
biomedical application. 
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Enhanced efficiency using AffinisolTM polymers in solubility enhancement 
 

Amina Faham 

Global TS&D Leader, DOW, Switzerland 

 
 
The presentation will focus on case studies using the new product range developed for 
customers in need of excipients with enhanced capabilities for bioavailability enhancement. The 
first study will focus on high productivity HPMCAS and HPMC developed for increased solids 
loading in solutions used to prepare spray dried dispersions. In the second part, AFFINISOL™ 
HPMC HME will be highlighted using a case study where the same polymer is used in small scale 
spray-drying and subsequently transferred to a larger scale hot melt extrusion. 

 Case study 1: High Productivity HPMCAS and HPMC polymers have significantly reduced 
viscosity that can result in an increase in solids loading in a spray solution by as much as 
1.7-fold. In addition, High Productivity polymers are capable of achieving the same level 
of supersaturation and nucleation inhibition as current marketed materials. 

 Case study 2: AFFINISOL™ HPMC HME is capable of being used for small scale spray drying 
studies for formulation screening/development in purely organic solvent systems. All 
studied formulations successfully transferred from small scale spray drying to hot melt 
extrusion without reformulation. 
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Amina Faham 
 
 
 
 
 

 
Amina is a Biochemist and earned a Ph.D. degree in Pharmaceutical sciences from school of 
pharmacy, University de la Mediterranee France. Amina has over 10 years of pharma industry 
experience in oral solid dosage forms with emphasis on modified drug release technologies, 
process development and optimization, production trouble shooting, and project management 
with companies including Ethypharm, Pfizer Pharmaceuticals and Colorcon. Amina has a strong 
background and experience of drug product development, cGMPs, and pharmaceutical market 
analysis. She joined DOW in Switzerland in 2011, as a pharmaceutical development application 
manager, and then global TS&D leader supporting the Pharma business across the regions. 
Amina is also a lecturer at ETH Zurich and University of Montreal, and a board member of the 
International Pharmaceutical excipients Council (IPEC) in Europe. 
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Functionalization of polymers: state of art and future perspectives 
 

Francesco Puoci 

Department of Pharmacy, Health and Nutritional Sciences, University of Calabria - 87036 Rende (CS), Italy 

 
 
Most of the living world is based on polymers, also known as biopolymers. They can be found in 
animals (polysaccharides, proteins, nucleic acids, etc.), plants (cellulose, starches, polyesters, 
etc.) as well as in lower organisms. Biopolymers are being developed for use as cosmetics, food 
additives, clothing fabrics, industrial plastics, absorbents and biosensors. They are also widely 
employed in pharmaceutical applications, usually in their native form or after some modification 
processes. 
Functionalization of polymers is very promising as modification process, thanks to the infinite 
achievable materials. The aims of functionalized polymers is the improvement of their 
characteristics and efficiency. Functionalizations can be divided in basic, if they increase 
bioavailability, stability, cellular uptake, biocompatibility (stealth polymers), and upgrade, if they 
confer new abilities and activities previously not held, such as antioxidant, antimicrobial and 
antifungal activities, targeting ability, therapeutic activity through drug-linking, catalysis through 
enzyme-linking etc.. 
In order to obtain functionalized polymers different approaches can be exploited. Esterification 
and amidation procedures are the most employed functionalizations, due to the specific and 
controlled attachment of the molecules of interest. They can be achieved using coupling agents 
like DCC and EDC. A particular functionalization is obtained using bifunctional agents (e.g. 
glutaraldehyde), being a linkage between the polymeric chain and the functional molecule. Also 
this technique is controllable and specific. On the other hand, high yields can be obtained 
through radical grafting. Among these reactions, click reaction with redox pair ascorbic 
acid/hydrogen peroxide is greatly advantageous. It is easy, quick, side products are harmless and 
easily removed and can be conducted in water as solvent. Another grafting reaction is based on 
plasma treatment, for surface modification of biopolymeric film. All of these techniques are 
useful but they have to be carefully chosen, depending on the starting polymer and the result 
expected. 
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Francesco Puoci is Associate Professor in Pharmaceutical Technology at the Department of 
Pharmacy and Nutritional and Health Sciences at University of Calabria, Italy. 
He obtained a Master Degree in Chemistry from University of Calabria in 1999, followed by a 
Ph.D. in Chemical Sciences from the same university in 2002. During his Ph.D. he was also a 
visiting researcher at University of Strathclyde in Glasgow, UK. From 2005 until 2014 he was a 
Group Leader and Researcher focusing his research in Polymers for Drug Delivery. In December 
2014 he was promoted to the rank of Associate Professor. 
His research interests include the design of novel polymers and biopolymers, stimuli-responsive 
drug delivery systems, molecularly imprinted polymers and the targeting of anticancer drugs. He 
is the author or co-author of numerous refereed articles, book chapters and patents. He is 
Founding Editor and Editor-in-Chief of the peer-reviewed “Journal of Functional Biomaterials”. 
He is Editor and Co-Author of the book “Advanced Polymers in Medicine” published by Springer. 
He is also Co-Founder and Scientific Advisor of “Macrofarm s.r.l.”. 
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Challenges of chemical characterization of pharmaceutical excipients 
 

Giovanni Boccardi 

Istituto Giuliana Ronzoni - Milano, Italy 

 
 
The evolution of the analytical chemistry and of quality rules of active drug substances in the 
past 20 years is impressive. But excipients and not the active substance are often the major part 
of the pharmaceutical form, because formulation is essential in ensuring constant efficacy and 
safety of drugs. Despite their fundamental role, the analytical chemistry of excipients is decades 
old and, even more important, control methods and specification are often not rationally related 
to their functionality. This  has been triggering an effort of Pharmacopoeias and of regulatory 
organizations on updating analytical requirement of excipients. 
The first frontier of excipient analytics is quantification of impurities. Just as an example, it has 
been shown that current compendial methods for hydroperoxides in polymers are not sensitive 
enough to protect very sensitive active substances and therefore some marketed excipients, e.g. 
PVP, show wide dispersion in impurity content, not only brand to brand, but also batch to batch. 
Moreover, authorities' focus on elemental impurities also concerns the main constituents of 
pharmaceutical forms, excipients. 
The second frontier is the molecular structure itself. Even though in rare cases, the complex 
structure of some excipients forced the introduction in excipient monographs of high-level 
techniques such as NMR or lengthy chromatographic methods, despite the general rule of 
Pharmacopoeias to prefer simple and affordable methods for excipients analysis. 
The third frontier is the characterization of physical and functionality attributes of excipients. 
The analytical methods are not new, as is not new the scientific awareness of the importance of 
these attributes, nevertheless too many laboratories still do not give the appropriate resources 
to preformulation. Quality by design, in which physical properties play an essential role, should 
revamp this subject. 
At last, in quality of active substances it is well known that specification is only one part of the 
control strategy, and that rational development and adherence to GMP are the other essential 
parts. Therefore, the current discussion to implement appropriate GMP rules to excipient 
manufacture is an essential step in the path for better excipients quality. 
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Giovanni Boccardi was graduated in chemistry at the Università degli Studi, Milano (Italy). After 
a short but significant teaching experience, he joined the Sanofi Research Center in Milano as 
scientist in analytical chemistry and became leader of the local team and later leader of the NMR 
Laboratory in Milano and Toulouse. His experience ranges from NMR to analytical development 
and discovery analytics, to validation of analytical methods, to stability studies, to impurity 
profile determination, to determination of physicochemical properties and to general 
pharmaceutical analysis. He devoted significant energy to the elucidation of degradation 
pathways of pharmaceutical substances, with a particular focus in the study of oxidation 
susceptibility and development of predictive stress test methods.  He participated as member or 
as coordinator to corporate working groups in analytical development and in NMR. He has 
always been working according to quality requirement (GMP, GLP) and with a constant attention 
to laboratory safety. He collaborated in teaching events in Sanofi and he is teacher in training 
sessions for industry specialists and in seminars at University. 
He has been collaborating with Istituto Giuliana Ronzoni (Milano) in development and validation 
of quantitative NMR methods. 
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Starch as a novel material for tablet coating 

 

Francesco Roversi 

Rofarma Italia S.r.l., Italy 

 
 

This presentation will provide news and characteristics referring to the modified maize starch, 

using for coating. Otherwise, we make an overview of different field of its application and 

different polymers generally used for this purpose by comparing the possible similarities and the 

multiple differences. 
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Dott. Francesco Roversi has more than thirty-year experience in pharmaceutical functional 
coating for oral solid dosage forms. He represents Evonik Industries AG in Italy, a leader company 
in pharmaceutical field of acrylic polymers. Since 1991, to guarantee the best service in coating, 
build up Rofarma Italia with a research lab from where which he offers technical assistance in 
coating using different type of machine and different polymers.  
Starting from this long experience, he has developed the most natural polymer from maize 
starch able to be used for any coating purpose for oral food supplements and pharma too. 
  



Invited Lectures 
 

9th A.It.U.N. Annual Meeting 29 

 

Natural polymers and orodispersible films for pharmaceutical use 
 

Andrea M. Giori 

IBSA Farmaceutici Italia - Bouty S.p.A., Italy 

 
 
Orodispersible films (ODFs, also named soluble films or oral soluble films) are a relatively new 
dosage form for the oral route of administration. They are formulated to quickly dissolve in the 
mouth, usually within one minute, without water. Avoiding any choking risk and being easy to 
swallow, this dosage form is particularly suitable for children, the elderly and some non-
compliant patient categories (e.g. people with mental disorders). 
ODF are mainly produced by solvent-casting technique, using hydrophilic film-forming polymers 
and plasticizers. Minor excipients, like coloring agent and flavors for taste masking, are usually 
also present. The ingredients are selected to find a good compromise among short disintegration 
time, stability, flexibility and ease of handling. 
Maltodextrin are starch-derived polysaccharides and can be used, thanks to their good water-
solubility, as filmogenic substance in ODF manufacturing. 
Self-supporting edible films based on maltodextrin, for food or pharmaceutical use, have been 
developed. They are hydrocolloid-free and show good mechanical properties, disintegration 
behavior and stability. Various APIs can be incorporated in the maltodextrin ODF and some 
formulations were successfully produced on industrial scale, including a suitable packaging 
selection. 
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Andrea Maria Giori is Director of Research & Development Department of the Italian subsidiaries 
Group of IBSA, a multinational pharmaceutical company headquartered in Switzerland. He is 
responsible for new product development and deals with medical devices, supplements, drugs 
and cosmetics, from the early stages (feasibility study) to the first industrial production. Soft 
gelatine capsules, prefilled syringes, patches and orodispersible films are the main dosage forms 
used in IBSA products. 
A. M. Giori also coordinates  the regulatory activity of the Italian Group, both for current products 
portfolio and new products pipeline. 
He is an organic chemist with a significant experience in herbal remedies, gained as Director of 
Phytochemical R&D at Indena, market leader company in the production of active ingredients 
derived from plants and used in drug, food and cosmetics. 
Author of several publications and international patents, A.M. Giori is an invited speaker in many 
universities. 
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An innovative method of synthesis of polyamidoamine nanoparticles 
 

S. Gevorgyan, S. Argentiere, E. Rossi, A. Tocchio. C. Lenardi, P. Milani 
 
 

Purpose. Polyamidoamines (PAAs) are a family of hydrophilic polymers with positive charge. 
Many bioactive molecules can be incorporated into polymeric backbones of PAAs to produce 
biocompatible and biologically active polymers. However, only few studies have been performed 
to synthesize PAA nanoparticles (NPs). Here, we report a novel synthesis method of PAA NPs by 
using photocrosslinking. The final formulation eventually led to NPs having all necessary 
properties to deliver therapeutic compounds. 
 
Methods. The synthesis was performed in HEPES buffer (10 mM, pH=7.4). PAA oligomers were 
mixed with human serum albumin (HSA) solution in the presence of fluorescein isothiocyanate 
(FITC) and Irgacure 2959 photoinitiator. The final mixture was exposed to ultraviolet irradiation 
(UV, 365 nm) for 10 minutes. The NPs were characterized by confocal laser scanning microscopy 
(CLSM), scanning electron microscopy (SEM) and dynamic light scattering spectroscopy (DLS). 
Influence of PAA NPs on cell viability was determined by MTT assay. 
 
Results. When positively charged PAA oligomers and negatively charged HSA molecules were 
mixed, there were electrostatic interactions between them. In this way nanoggregates were 
formed. The exposure of these nanoaggregates to long-wave UV light made the double bonds 
at both ends of PAA oligomers to crosslink to each other and allowed the formation of stable 
NPs with low polydispersity. DLS characterizations revealed that after the UV exposure there 
were considerably more NPs having size of 100-300 nm. CLSM images showed that FITC was 
encapsulated into the NPs. SEM images demonstrated that the NPs were spherical and also 
confirmed the DLS results. Furthermore, MTT assay showed that the NPs were not toxic. 
 
Conclusions. In this study, we describe an innovative way of synthesis of PAA NPs by using a 
photocrosslinking method. This method is simple and can be easily scaled up. Additionally, it 
allows avoiding the use of toxic organic solvents making sure that final NPs are completely 
biocompatible. Further studies are planned to study the PAA NPs in biological systems. 
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Liposomes targeting CXCR4 receptors: anti-tumour and anti-metastatic effects 
 
S. Lusa1, G. Salzano2, C. Ieranò3, C. D’Alterio3, M. Buoncervello5, D. Macchia5, M. Spada5, A. Barbieri4, 

A. Luciano4, L. Gabriele5, C. Arra4, L. Mayol2, M. Biondi2, S. Scala3, G. De Rosa2 
1Department of Biochemistry and Biophysics, Seconda Università degli Studi di Napoli SUN;2Department of Pharmacy, 

Università degli Studi di Napoli Federico II; 3Oncological Immunology; 4Animal Facility; 3, 4 Istituto Nazionale per lo 
Studio e la Cura dei Tumori-IRCCS, Fondazione Pascale; 5Department of Hematology, Oncology and Molecular 

Medicine, Istituto Superiore di Sanità 

 
 
Purpose. To prepare liposomes conjugated peptides antagonist of CXCR4 receptor to enhance 
the tumour targeting of these peptides and to promote drug delivery in cancer cells over-
expressing CXCR4 receptor. 
 
Methods. The CXCR4 inhibiting peptide (PepR) was synthesized with a sequence of three amino 
acidis common to the aminoterminal chain of CXCL12, the CXCR4 ligand, and the viral secreted 
chemokine vMIP-II. Liposomes composed of DPPC/Chol/DSPE-PEG or DPPC/Chol/DSPE-PEG-Mal 
were prepared. Doxorubicin (DOX) was then encapsulated in liposomes by remote loading. 
Then, PepR was conjugated with liposomes containing DSPE-PEG-Mal. The size and the zeta 
potential (ζ) of liposomes, with and without PepR, were determined by photon correlation 
spectroscopy and Zetasizer Nano Z, respectively. Selected formulations were tested on several 
cancer cell lines and in vivo in an experimental model of lung metastases (C57/BL). 
 
Results. The mean diameter of conjugated and non-conjugated liposomes was found to be 
between 130 nm and 140 nm, with a narrow size distribution (P.I.≤ 0.1). Moreover, after 
conjugation of PepR with liposomes, compared with the unconjugated liposomes, showed a 
significant charge shielding, as demonstrated by the reduction of the ζ from -23 to -6 mV. In the 
human renal cancer cell (RXF393), PepR, naked or conjugated with liposomes, significantly 
inhibit cell migration. In vivo, mice treated with PepR-conjugated liposomes showed greater 
reduction of pulmonary metastases, if compared to mice treated with the same dose of naked 
PepR. When the Lipo-PepR was loaded with DOX, a higher and CXCR4-dependent DOX 
accumulation was registered in CXCR4 positive cells (A498, HT29), compared with Lipo-DOX; no 
difference was observed in DOX internalization in CXCR4 negative cells (FB-1). Higher 
doxorubicin uptake correlated with higher cytotoxicity. 
 
Conclusions. Liposomes conjugation to a CXCR4 antagonist lead to an increase of the in vitro and 
in vivo efficacy of these peptides, suggesting an improved antitumor and antimetastatic activity 
of these new formulations. The DOX-encapsulating Lipo-PepR is a new and powerful tool to 
target cells with highest migratory and aggressive capabilities (CXCR4 overexpressing cells) and 
to deliver in these cells cytotoxic drugs. 
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Synbiotic vaginal insert containing Lactobacillus crispatus, fructo-oligosaccharides and 
ascorbic acid: technological and microbiological characterization 

 
A. Abruzzo1, B. Vitali1, M. Ceccolini1, C. Parolin1, R.A. Ñahui Palomino1, F. Dalena2, F. Bigucci1, T. 

Cerchiara1, B. Luppi1. 
1 Department of Pharmacy and Biotechnology, University of Bologna, Via San Donato 19/2 - 40127 Bologna (BO), Italy; 
2 Chemistry and Chemical Technologies Department, University of Calabria, Cubo 15/D, Via P. Bucci - 87036 Arcavacata 

di Rende (CS), Italy 
 

 
Reproductive-aged women are frequently subjected to disturbances in the vaginal environment 
due to vaginal infections and abnormal vaginal flora. The most common vaginal infections are 
candidiasis and aerobic vaginitis in which the normally present Lactobacillus spp. are replaced by 
Candida albicans or aerobic organisms, predominantly enteric commensals or pathogens, 
respectively [1, 2]. The use of lactobacilli of human origin as probiotics against the infections of 
urogenital tract can represent an alternative approach to help restore and maintain the natural 
healthy balance of the vaginal microbiota.  
 
Purpose. The aim of this work was to develop a synbiotic vaginal insert containing high number 
of viable cells of Lactobacillus crispatus BC5, a probiotic strain recently isolated from healthy 
women [3], the prebiotic substrate fructo-oligosaccharide (FOS) and the antioxidant agent 
ascorbic acid (AA).  
 
Methods. L. crispatus BC5 loaded vaginal inserts were prepared through freeze-drying by 
associating hydroxypropylmethylcellulose (HPMC) and different amounts of FOS, AA and 
skimmed milk. Inserts were stored at +2-4°C for 90 days and characterized in terms of 
morphology and mucoadhesion properties. In vitro water-uptake and release studies were 
performed in order to investigate insert ability to hydrate and release L. crispatus BC5. 
Microbiological tests were carried out to investigate lactobacilli viability during freeze-drying and 
the subsequent storage period, and to evaluate antimicrobial activity toward C. albicans and 
representative bacteria responsible for aerobic vaginitis. 
 
Results. Inserts showed a different morphology based on their composition and good 
mucoadhesion properties [4]. Moreover, insert hydration over time gave rise to a gel system 
able to modulate lactobacilli release in virtue of the different FOS amounts. Complete survival of 
L. crispatus BC5 was found immediately after insert preparation as well as after 90 days in the 
vaginal inserts containing FOS, AA and skimmed milk. Finally, antimicrobial activity exerted by L. 
crispatus BC5 released from the vaginal formulation is not affected by the technological process 
and/or storage conditions. 
 
Conclusions. The inclusion of suitable FOS and AA amounts into the formulation was found to 
be a key factor affecting insert technological and functional properties. In particular, vaginal 
inserts made from HPMC, FOS and AA loading L. crispatus BC5 are applicable and promising for 
the treatment and prevention of genito-urinary infections. 
 
[1] J. Das Neves, E. Pinto, B. Teixeira, G. Dias, P. Rocha, T. Cunha, B. Santos, M.H. Amaral, M.F. Bahia, Local treatment of 
vulvovaginal candidosis, Drugs. 68 (2008) 1787-1802. 
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[2] C. Han, W. Wu, A. Fan, Y. Wang, H. Zhang, Z. Chu, C. Wang, F. Xue, Diagnostic and therapeutic advancements for 
aerobic vaginitis, Arch. Gynecol. Obstet. 291 (2015) 251-257. 
[3] C. Parolin, A. Marangoni, B. Giordani, L. Laghi, N. Calonghi, B. Vitali, Characterization of anti-Candida activity of 
vaginal lactobacilli, International Conference of Antimicrobial Agents, 1-3 October 2014, Madrid, Spain. 
[4] F. Bigucci, A. Abruzzo, B. Vitali, B. Saladini, T. Cerchiara, M.C. Gallucci, B. Luppi, Vaginal inserts based on chitosan and 
carboxymethylcellulose complexes for local delivery of chlorhexidine: Preparation, characterization and antimicrobial 
activity, Int. J. Pharm.  478 (2015) 456-463.  
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Adipose stromal vascular fraction within 3D Natural scaffolds: a promising approach for 
intraoperative advanced therapies 

 
B. Vigani, B. Crivelli, S. Perteghella, T. Chlapanidas, S. Preda, M.L. Torre  

University of Pavia, Dept. Drug Sciences, V.le Taramelli,12 – 27100 Pavia (Italy) 

 
 

Purpose. The vascularization of Advanced Therapy Medical Products (ATMPs) is one of the most 
required target to promote the implant long-term efficacy in vivo. This challenge could be 
overcome using three-dimensional scaffolds added with Stromal Vascular Fraction (SVF), thus 
avoiding the in vitro mesenchymal stem cells expansion and promoting the in vivo release of 
angiogenic and immunomodulatory molecules. In this work, a one-step surgical procedure was 
proposed: SVF implantation may reduce ATMP production costs, maintaining high standard of 
quality and effectiveness. 
 
Methods. Stromal vascular fraction was isolated from subcutaneous adipose tissues of C57BL/6 
inbred mice (50 days old; 20.11±0.63 g) and divided in two aliquots: one was suspended in 1% w/v 
sodium alginate solution and then extruded in a 50 mM CaCl2 to obtain alginate beads (1*106 
cells/10 beads), while the second was loaded in silk fibroin non-woven mats (1*106 SVF/0.25 cm2 

scaffold). Both constructs were subcutaneously implanted in the dorsal area of syngeneic mice 
(n=8). Seven and fourteen days were considered as experimental time-endpoints: mice were 
sacrificed and histological analysis carried out. 
 
Results. After the ATMPs implantation, a dynamic vascularization process was observed in both 
scaffolds, particularly at 14 days. Histological analysis demonstrated the growth of well-defined 
blood vessels within the silk fibroin fibers, even if surrounded by a thin fibrotic capsule; 
unfortunately, it was not possible to distinguish the implanted donor SVF to the cells recruited 
by the syngeneic recipient immune system, which migrated inside the silk fibroin scaffold. 
Instead, a high number of SVF cells was identified into the alginate beads and red blood cells and 
vascular structures were detectable; this observed angiogenesis process was associated to a 
weak immune response mediated by macrophages. 
 
Conclusions. The combined subcutaneous implantation of 3D biocompatible scaffolds and 
adipose SVF was proposed as a one-step intraoperative surgical procedure for tissue repair and 
replacement. The formation of new blood vessels within the ATMPs supports engineered cell 
viability and functionality and allows the transport of soluble bioactive molecules released by the 
implanted SVF. The selected scaffolds may be available for Good Manufacturing Practices 
production and could be modified to meet different clinical requirements.  
 
 
This work was supported by Cariplo Foundation (FIBROPAN, Project Id. 2012-0878). 
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Brain delivery of andrographolide by polymeric nanovectors 
 

C. Guccione, V. Piazzini, M. Camilla Bergonzi, A.R. Bilia  

University of Florence, Department of Chemistry, via Ugo Schiff 6 - 50019, Sesto Fiorentino, Florence, Italy 

 
 

Purpose. Aim of this work was to deliver andrographolide (AG), a major diterpenoid of 
Andrographis paniculata (Burm. f.) Nees, into the brain using albumin nanospheres (HSA NSs) 
and poly-ethylcyanoacrylate nanospheres (PECA NSs) coated with polysorbate 80, capable to 
provide sustained and controlled AG release. Clinical utility of AG has been demonstrated in the 
treatment of inflammation-related neurodegenerative disorders [1]. However, low bioavailability 
due to poor water solubility and limited stability are serious limitations for further development 
of the compound [2].  
 
Methods. HSA NSs were prepared by coacervation method. Chemical cross-linking method [4] 
and thermal cross-linking method [5] were investigated and optimized. PECA NSs were prepared 
by emulsion polymerization method [6]. NSs were characterized in terms of dimension, 
polydispersity, zeta potential, morphology, encapsulation efficacy, loading capacity and stability 
of probe by Dinamic Light Scattering, Trasmission Elettronic Microscopy and HPLC-DAD-FLD, 
respectively. Fluorescent NSs were administered intraperitoneally and intravenously to 
anaesthetized rats to evaluate their ability to cross the Blood Brain Barrier (BBB). After these 
studies, the optimized nanocarriers were loaded with AG and characterized, as empty and 
fluorescent NSs. The in vitro release of AG was tested, using the dialysis bag method.  
 
Results.  All NSs were produced with very good yields; the mean diameter resulted suitable for 
the in vivo systemic administration: the studies revealed that fluorescent NSs were able to cross 
the BBB and reach brain tissue. The different NSs loaded with AG had a sphere-like shape, good 
encapsulation efficacy and loading capacity. The size and homogeneity were acceptable for 
future in vivo test. The release of AG from the formulations was sustained and controlled during 
24 hours. We optimize the method of preparation of albumin NSs without toxic agents, this 
nanocarrier result to be the better then the NSs made by chemical cross-linking in term of 
formulative parameters and the best for the controlled  and sustained release of AG. 
 
Conclusions. The developed nanocarriers represent a valuable targeting systems for the therapy 
of neurodegenerative diseases and were successfully applied to andrographolide’s delivery. 

 
[1] Chan SJ, Wong WSF, Wong PTH, Bian JS. Neuroprotective effects of andrographolide in a rat model of permanent 
cerebral ischaemia. British Journal of Pharmacology 2010; 161(3): 668–679 
[2] Yang T, Sheng HH, Feng NP, Wei H, Wang ZT, Wang CH. Preparation of Andrographolide-Loaded Solid Lipid 
Nanoparticles and Their In Vitro and In Vivo Evaluations: Characteristics, Release, Absorption, Transports, 
Pharmacokinetics, and Antihyperlipidemic Activity. Journal of Pharmaceutical Sciences 2013; 102: 4414–4425 
[3] Merodio M., Arnedo A., Renedo M.J., Irache J.M., Ganciclovir-loaded albumin nanoparticles: characterization and 
in vitro release properties, Eur. J. Pharm. Sci. 12(3), 251-259 (2001). 
[4] Luppi B., Bigucci F., Corace G., Delucca A., Cerchiara T., Sorrenti M., Zecchi V., Albumin nanoparticles carrying 
cyclodextrins for nasal delivery of the anti-Alzheimer drug tacrine, Eur. J. Pharm. Sci. 44(4), 559-565 (2011). 
[5] Kreuter J., Alyautdin R.N., Kharkevich D.A., Ivanov A.A., Passage of peptides through the blood-brain barrier with 
colloidal polymer particles (nanoparticles), Brain Research. 674, 171-174   (1995). 
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Nutlin-3 loaded nanocarriers: preparation, characterization and in vitro antineoplastic effect 
against Primary Effusion Lymphoma 

 
D. Belletti, G. Tosi , M. Galliani, F. Forni, M.A. Vandelli, F. Pederzoli, B. Ruozi 

Department of Life Sciences, University of Modena and Reggio Emilia, Via Campi 183 - 41100, Modena, Italia 

 
 
Purpose. Nutlin-3 (Nut3) is a novel anticancer small-drug antagonist of MDM2, a tumour over 
expressed protein able to induce p53 degradation. Since MDM2 is expressed only in malignant 
cells, the specific inhibition of MDM2-p53 interaction represents a possible strategic target for 
therapeutic development against cancer. Unfortunately, Nut3 is sparingly soluble in aqueous 
buffer causing difficulty during administration (frequently per os) and poor bioavailability. In this 
investigation, Nut3 was loaded into liposomes (Lipo-Nut3), polymeric nanoparticles (NPs-Nut3) 
and nanoparticles engineered with an antibody direct against Syndecan-1/CD 138 (Syn-NPs-Nut3) 
to ameliorate drug administration, promoting a selective targeting to PEL (Primary Effusion 
Lymphoma).  
 
Methods. Lipo-Nut3 were formulated by a thin layer evaporation method followed by extrusion 
using neutral and non-toxic lipids (DOPC/Chol 9:1 molar ratio). NPs-Nut3 were formed according 
to nanoprecipitation method using biocompatibility and biodegradable PLGA. Moreover, and 
antibody selective for PEL cell line was conjugated to the surface of NPs by NHS-EDC method 
obtaining Syn-NPs-Nut3. All systems were characterized using PCS, AFM and ESCA analyses. By 
performing cytofluorimetric analyses and bromodeoxyuridine (BrdU) assay, the efficacy of 
nanocarriers to deliver Nut3 into a PEL cell line namely BCBL-1 (immortalized body cavity B-cell 
lymphoma) was investigated.  
 
Results. AFM showed that all the particles were spherical in shape. The presence of the antibody 
on surface (AFM and ESCA analyses), led to a significant increase of mean diameter (280 ± 63 
nm), PDI (0.3) and the shift of zeta potential towards neutrality (-1 mV). The entrapment 
efficiency of Lipo-Nut3, NPs-Nut3 and Syn-NPs-Nut3 was 30, 52 and 29%, and drug loading was 
1.4, 4.5 and 2.6%, respectively. 
Two days after the treatment with 20 µM of Syn-NPs-Nut3, the cell density decreased at about 
60% while the cell viability decreased at 56% only 5 days after transfection, when compared with 
untreated cells. A cell cycle arrest was observed with a significant decrease of cells in S-phase 
and increasing of apoptotic cell, if compared with untreated control. 
 
Conclusions. The results strongly suggests that Syn-NPs-Nut3 can be valuable drug carrier 
system for the treatment of PEL lymphoma. 
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A complementary calorimetric approach for drug release investigations 
 

B. Bellich1, M. Borgogna2, A. Cesàro1,3 

1 Dept. of Chemical and Pharmaceutical Sciences University of Trieste, Via Giorgieri 1 - I-34127 Trieste, Italy; 
2 Dept. of Life Sciences, University of Trieste, Via Giorgieri 1 - I-34127 Trieste, Italy; 

3 Elettra Sincrotrone Trieste, Area Science Park - I-34149 Trieste, Italy 

 
 
Purpose. DSC study of water diffusion is proposed as a complementary approach to investigate 
the matrix properties of polysaccharide gels in the pre-formulation step. 
 
Methods. Calcium-alginate beads were prepared by drop-wise addition of the alginate solution 
(2% w/v) into a calcium chloride 0.050 M solution. Lysozyme and human insulin were loaded as 
model proteins. Additional components, such as chitosan, were added to the alginate. Release 
tests were carried out in Tris buffer/HCl 0.005 M with NaCl 0.15 M. A colorimetric assay (BCA test) 
was used to determine the amount of protein loaded and released. Calorimetric investigations 
were carried out using a heat-flux calorimeter; one bead was placed in an open pan and analyzed 
under nitrogen flux at a scan rate of 5 K/min.  
 
Results. The additional components to the alginate basic formulation (such as chitosan, HPMC, 
ethanol) modify the LSZ release profile. Chitosan is the most effective. Release curves were 
fitted using the general Weibull equation. The parameter n is used  as an indicator of the diffusion 
rate. The linear form of Clausius–Clapeyron equation was used for quantitative comparison 
purpose. The change in the slope (B) reflects changes in the “evaporation rate”.  
A good correlation between release and calorimetric data, supporting the hypothesis of the 
obstruction model, was obtained for lysozyme, except in the case of 1% HPMC, where slope B 
suggests obstruction but the release of LSZ is rapid. The obstruction effect of chitosan is clear in 
unloaded beads, nevertheless the addition of chitosan produces different effects in case of 
loaded beads with lysozyme or human insulin. Indeed, chitosan decreases insulin release (high 
n) but the slope B changes less than in the case of LSZ.  
 
Conclusions. A wide data set on other relevant systems will enforce the correlation between the 
release/effusion phenomena. The correlation would allow to understand whether the 
interaction between chitosan and insulin is predominant with respect to alginate and chitosan, 
thus compromising the obstruction effect, and whether the interaction of lysozyme with 
alginate is hampered by HPMC. 
 

 Heyd, R.; Rampino, A.; Bellich, B.; Elisei, E.; Cesàro, A., Saboungi, M. L. Isothermal dehydration of thin films of water 
and sugar solutions. J. Chem. Phys. 140 124701 (2014). 

 Bellich, B.; Borgogna, M; Cok, M.; Cesaro A. Water evaporation from gel beads. J. Thermal Anal. Calorim. 103 81-88 
(2011). 

 Bellich, B.; Borgogna, M.; Cok, M.; Cesàro, A. Release properties of hydrogels: water evaporation from alginate gel 
beads, Food Biophys. 6, 259–266 (2011). 
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Purpose. Vitamin K1 (VK1), a very lipophilic and photosensitive molecule contained in some 
vegetables, have been successfully used to prevent acneiform reactions affecting the skin in 
patients receiving cetuximab for the treatment of metastatic colorectal cancer. However, VK1 is 
present on the market in fat semisolid formulations (es. Rencoval®, VigorSkinK1® and VigorSkinK1 
Plus®). The purpose of this study was therefore to evaluate the possibility to use an alternative 
formulation for the administration of vitamin K1 on the skin, overcoming the drawbacks 
associated with the use, for more administration in a day, of fatty formulations. 
 
Methods. Liposomes (Lipo) were obtained according to the ethanol injection method [1] in order 
to use a preparation method cheaper and easy to perform. Transfersomes (Trans) were 
prepared by the thin lipid film hydration method as previously reported in our study [2] instead 
Ethosomes formulations, were prepared according to the method described by Touitou et al. 
(2000) [3], with modifications. All the formulations were characterized in terms of size, VK1 
encapsulation, physical stability during storage. Moreover, the deformability properties of the 
vesicles and the suitability to be administered on the skin by nebulization were also tested. The 
possible effects of the treatment with the lipidic vesicles on the organization of the major 
constituents of the stratum corneum was assessed by attenuated total reflection Fourier 
transform infrared (ATR-FTIR) spectroscopy. Finally, the ability of different vesicles to allow VK1 
accumulation and permeation of VK1 into and through the skin was investigated in Franz 
diffusion cells and confocal laser scanner microscopy (CLSM) experiments.  
 
Results. All these carriers were very stable for at least 6 months and any significant alteration of 
vesicles size, as well as of VK1 encapsulation, was observed following vesicles aerosolization, 
suggesting the possibility to administer these formulations on the skin by nebulization. 
Transfersomes showed the highest deformability (DI) and also on the case of ethosomes DI was 
higher than liposomes one. The ATR-FTIR spectra seemed in agreement with the penetration of 
intact vesicles within the stratum corneum, which enrich the lipidic components and increase the 
order of the structure. CLSM studies, confirmed that lipid components of the vesicles remain 
mainly located in the outer layers of the skin, although, in the case of ethosomes and 
transfersomes a more deep penetration was observed. Finally, in ex-vivo experiments, the use 
of transfersomes and ethosomes, especially in the nebulized form, enhanced the accumulation  
of VK1 into the skin. 
 
Conclusions. In conclusion, transfersomes probably represented the formulation that, if 
administered in form of aerosol, could offer a good compromise between a high penetration 
into the skin and a limited permeation through it. This transfersomes-based formulation could 
be proposed to administer VK1 on the skin, by nebulization, as approach alternative to the use 
of a fat ointment.  
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[1] Batzri. Single bilayer liposomes prepared without sonication. Biochem Biophys Acta 1973, 298(4):1015-9. 
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Rosa, G; Nanocarriers for topical administration of resveratrol: a comparative study. International Journal of 
Pharmaceutics, 2013,vol. 440, no. 2, pp. 179– 187. 
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Gliclazide is a second generation sulphonylurea used, in the treatment of type 2 diabetes and 
characterized by a lower risk of hypoglycaemia and cardiovascular disorders than other 
sulphonylureas. Gliclazide shows poor water solubility (55 mg/ml) and a slow dissolution rate, 
with low and erratic bioavailability and poor dose-effect proportionality. Moreover, being 
gliclazide a weak acid (pKa 5.8), its solubility is lower in acid medium and this problem should be 
solved to design an immediate release oral dosage form able to quickly release the entire dose 
in the upper part of the gastrointestinal tract. Therefore, the improvement of gliclazide 
dissolution behavior is an important issue for enhancing its bioavailability and therapeutic 
efficacy. To improve gliclazide dissolution behavior, different binary co-milled (CM) drug-carrier 
systems were prepared and characterized by differential scanning calorimetry and powder X-ray 
diffraction. Their dissolution rates were tested and compared to an immediate release 
commercial product. For the lowest dose, 30 mg, co-milling with either PVPC (in 1:8 drug to 
polymer ratio, w/w) or a small amount of sodium lauryl sulphate (10 mg) were effective for a 
rapid and complete dissolution of this drug. In the case of the highest dose (80 mg) both 
approaches should be used at the same time to avoid saturation of the medium. Co-grinding is 
an alternative solid dispersion generating method, that does not suffer the drawbacks of classic 
solid dispersion production methods (e.g. solvent evaporation, melt crystallization, hot-melt 
extrusion). It is a solvent-free and environmentally friendly method, it avoids the thermal 
degradation of the drug, it does not require sophisticated equipment, it is industrially feasible 
and can be easily scaled-up. 
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Purpose. Biodegradable scaffolds play an important role for a successful tissue regeneration 
providing the 3-D structure to support cell adhesion, proliferation and differentiation. Among 
different materials, poly(lactic-co-glycolic) acid (PLGA) is widely used in tissue engineering. The 
aim of this work was to prepare and characterize a composite PLGA scaffold suitable for bone 
regeneration.  
 
Methods. PLGA Resomer® RG 502H microparticles (MPs) were prepared using the solvent 
diffusion/evaporation technique. 3-D scaffolds were produced by MP thermal sintering and 
successively coated with chitosan and alginate. Scaffold macroporosity was investigated using 
computed tomography (CT) and elaborating data with an open access software. Scaffold 
degradation was evaluated by in vitro mass loss studies and by gel permeation chromatography 
(GPC) to determine the polymer molecular weight (Mw) and polydispersity evolution over time. 
Scaffold mechanical behavior during degradation was evaluated by compressive tests using a 
loading frame machine. 
 
Results. The method used to prepare MPs allowed to obtain MPs (size of about 150 µm) with a 
high inner porosity. Scaffolds prepared by sintering 200 mg of MPs at 60°C for 1 hour had a 
structure characterized by suitable mechanical resistance and high porosity (about 87%). In vitro 
mass loss studies showed the characteristic biphasic mass loss profile, with a low mass loss 
during the first week and a faster mass loss during the following weeks. At 28 days the residual 
mass was around 25%. No consistent differences in mass loss rate between bare PLGA and coated 
PLGA scaffolds were observed. Mw decreased exponentially with increasing the degradation 
time accordingly to the exponential decay generally reported for this class of polymer. The 
degradation half time for bare PLGA scaffolds of 2.3 weeks was calculated. During degradation, 
compressive stress and Young’s Modulus E were higher for coated PLGA scaffolds compared to 
bare PLGA scaffolds. 
 
Conclusions. Sintered chitosan/alginate-coated PLGA scaffolds seem to possess the necessary 
requirements (e.g., biodegradability, high inner porosity, mechanical properties) to support 
bone regeneration. 
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Purpose. The aim of this work was to evaluate the chitosan/alginate-coated poly(lactic-co-
glycolic) acid (PLGA) scaffold ability to support infrapatellar fat pad-derived mesenchymal stem 
cell (AD-MSC) adhesion, proliferation and osteogenic differentiation.  
 
Methods. PLGA 3-D scaffolds were prepared by sintering PLGA Resomer® RG 502H microparticles 
(MPs) at 60°C for 1 hour. Chitosan and alginate were used to coat the scaffold to enhance cell 
adhesion. Isolated human AD-MSCs (2.5·105) were seeded on the hydrated coated PLGA scaffolds 
in presence of the commercial osteogenic differentiation medium LonzaTM. At predetermined 
time points (i.e., 7, 23, 35 and 60 days of culture), scaffolds were withdrawn, washed and fixed 
with paraformaldehyde (4% w/v). Scaffolds were embedded in the optimal cutting temperature 
(O.C.T.) compound and cut in slices of 16 µm using a cryomicrotome. Scaffold slices were stained 
using Hematoxylin-Eosin (HE) and Alizarin Red (AR). 
 
Results. Histological analysis showed a gradual cell invasion and penetration into polymer matrix 
over time. At 7 days from seeding, AD-MSCs were mainly located on scaffold surface while, at 60 
days, cells invaded the internal scaffold matrix. Over time, HE stained cells changed from pink-
red to blue, confirming a higher metabolic activity and proliferation. AR staining was used to 
evaluate calcium deposition. Small calcium deposits were present at day 35 while, at day 60, 
slices showed an intense and uniform red staining. These interesting results confirmed the 
osteogenic differentiation and suggested that, at 60 days of culture, polymer matrix was 
replaced by mineralized bone matrix. 
 
Conclusions. Sintered chitosan/alginate-coated PLGA scaffolds seem good candidates to sustain 
a tridimensional AD-MSC adhesion and infiltration, allowing a bone mineralized matrix 
deposition by AD-MSCs in presence of an induction medium. 
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Purpose. The successful use of injection molding (IM) and micromolding (µIM) for the 
development of drug products is linked to the knowledge of the thermal and rheological 
characteristics of pharma-grade polymers and to the evaluation of their processability through 
experimental or modeling approaches. In the present work, an investigation protocol to assess 
the moldability of the material through tests performed on a simple disk-shaped specimen 
(screening item) was developed. Ethyl cellulose (EC), which is broadly employed in the 
formulation of prolonged delivery systems, was selected as a model pharma polymer. 
 
Methods. EC formulations containing 0-25% of a plasticizer (triethyl citrate, TEC) were processed 
by a bench-top hydraulic µIM press (BabyPlast 6/10P; Cronoplast S.L., Barcelona, Spain) equipped 
with a disk-shaped mold (Ø 30 mm) provided with a central gate and allowing to control the 

cavity thickness in the 200-1000 m range. Digital photographs of the disks were taken 
(4128x3096 pixels resolution) and analysed by ImageJ. 
 
Results. The need for a plasticizer (TEC) to enable EC processing below its decomposition 

temperature (180°C), i.e. in the 170-175°C range, was assessed by air shot trials and capillary 
rheometry tests. Preliminary µIM processes were carried out in order to select the cavity 
thickness to get both complete and incomplete fillings, the melt shot-size needed for filling, and 
the injection rate. The maintenance pressure was kept constant at the lowest setting conditions 
(10 bar, 0.0 s). Several injection processes were then performed at different injection pressures 
(10-100 bar, 10 bar increments) and fixed fill time (1.0 s). In the case of incomplete disks, the fill 
time was also increased up to 2.5 s (0.5 s increments). Based on this protocol the melt 
progression into the mold was evaluated with different EC/TEC formulations. In particular, shape 
and diameter of the molded disks were measured and their dependence on injection pressure 
and time analysed, thus enabling an evaluation of the influence of TEC on the polymer 
processability. 
 
Conclusions. An investigation protocol for the evaluation of pharma-polymers processability by 
IM was successfully developed, which allowed to assess the effect of plasticization on EC 
processing.  
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Purpose. The current study aimed to develop a controlled release formulation for the oral 
administration of prednisolone (P), potentially useful for the treatment of chronic inflammatory 
diseases. 
 
Methods. Prilling was selected as micro-encapsulation technique to produce drug loaded 
hydrophilic microparticles (gel-beads). The influence of process parameters such as composition 
and viscosity of the aqueous feed solutions (sodium alginate 2.0-2.75% w/v in different ratio with 
P 1:10-1:4), aqueous bulks for ionotropic gelation and cross-linking time (5-10 min) on the 
obtained particles was evaluated. Beads morphology, size and solid state characteristics were 
analysed (SEM microscopy, FTIR, DSC). In vitro release study was assessed in conditions 
simulating the gastrointestinal environment (USP XXVII).  
 
Results. Particles morphology as well as release kinetics of alginate formulations were strongly 
related to the amount of alginate and P loaded into the feed solutions. Best results were 
obtained increasing alginate and P content in order to achieve a compact polymeric matrix able 
to better retain the drug. The best formulation, F6 released around 20% of P in simulated gastric 
fluid (SGF, pH=1); complete drug release is achieved after pH change in simulated intestinal fluid 
(SIF, pH=6.8) in about 3.5 h. This behavior may be explained by a combination of alginate pH-
dependent solubility, cross-linking properties of Zn2+ and polymeric matrix density in #F6; beads 
did not swell or erode in SGF and still keep intact matrix, whereas in SIF (at pH 6.8) they started 
to swell and further erode due to the ion-exchange. Moreover, in order to further improve the 
release kinetic, the formulation F6 has been insert into suitable capsules able to protect the drug 
in acidic medium and to extend anti-inflammatory activity.  
 
Conclusions. Conventional therapies of chronic inflammatory diseases (such as arthritis 
arthrosis) consists of multiple daily administrations of prednisolone leading to a variable drug 
blood level and ineffective therapy. This study suggested that prilling is an appropriate 
technological approach to manufacture drug delivery systems able to control prednisolone 
release. The best formulation F6 could be proposed as self-consistent formulation or as a dosage 
form hosted into suitable capsules for the treatment of inflammatory chronic diseases.  
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Purpose. We have recently demonstrated that the antimycotic drug flucytosine (5-FC) inhibits 
the expression of the iron-starvation σ-factor PvdS, thereby repressing the production of major 
P. aeruginosa virulence factors (e.g., pyoverdine and exotoxin A), and could be repurposed as 
anti-virulence drug in cystic fibrosis (CF) [1]. With this idea in mind, the aim of this work is to 
develop inhalable hyaluronic acid (HA)-based dry powders for repositioning of 5-FC in the local 
treatment of CF lung infection. 
 
Methods. HA/mannitol microparticles at a 5-FC theoretical loading of 10% (10 mg of 5-FC per 100 
mg of dry powders) were produced by spray drying. Formulation composition and process 
conditions were selected after in depth development studies to achieve particles with optimal 
properties for aerosolization. Particles were fully characterized for morphology, volume mean 
diameter, tapped density, flowability (Carr’s Index) and HA/mannitol actual ratio by weight. 
Actual loading and release profile of 5-FC in simulated lung fluids by membrane dialysis were also 
evaluated. In vitro aerosolization properties were tested using a Next Generation Impactor 
(NGI). Finally, in vitro inhibition of pyoverdine production in P. aeruginosa and toxicity towards 
CF human bronchial epithelial cells were determined. 
 
Results. HA/mannitol hybrid microparticles with a mean volume diameter around 17 
actual 5-FC loading close to the theoretical one (10%) were achieved with good yields (≥ 40%). Dry 
powders displayed low tapped density (<0.15 g/ml) and flow properties suitable for lung delivery. 
In vitro release of 5-FC was rapid and was not affected by the presence of simulated CF mucus. 
Optimized HA/mannitol microparticles were effectively delivered from a breath-activated dry 
powder inhaler (DPI) available to CF patients (i.e., Turbospin) showing promising in vitro aerosol 
performance. The ability of optimised formulations to inhibit pyoverdine production in P. 
aeruginosa at 5-FC concentrations (≥ 1.2 µM) that do not affect the viability of CF bronchial 
epithelial cells was demonstrated in vitro. 
 
Conclusions. In the whole, this body of evidence provides the rationale for further development 
of inhalable 5-FC dry powders for treatment of CF lung infections, and prompts the investigation 
of the developed formulations in animal models. In perspective, the long times and high costs 
required for the development of “brand new” drugs could hopefully be saved by repurposing 
the “old” drug 5-FC for inhalation in CF patients. 
Acknowledgments. The authors gratefully acknowledge Fondazione per la Ricerca sulla Fibrosi 
Cistica-Onlus (Project FFC#10/2013) for financial support. 
 

[1]. Imperi F et al. Proc Natl Acad Sci U S A. 110 (2013):7458-63. 
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Purpose. Advanced Therapy Medical Products for intervertebral disc regeneration require a 
clinically meaningful cell number obtained by ex vivo expansion. Fetal Bovine Serum (FBS) has 
been used as the gold standard medium supplement, even if it is a potential xenogeneic source 
of antigenic agents and it could exhibit lot-to-lot variability. Recently, human blood derived 
products, such as Platelet Lysate (PL), are considered as a promising alternative, containing a 
pool of growth factors which promote cell growth. Aim of this work is to verify the PL efficiency 
during the expansion process of human nucleus pulposus cells; FBS was considered as a control. 
 
Methods. Intervertebral disc samples (n = 3) were harvested from informed patients during 
microdiscectomy. The nucleus pulposus tissues were digested with collagenase overnight. The 
obtained NP cells were seeded onto flasks (10.000 cells/cm2) with Dulbecco's Modified Eagle's 
Medium High Glucose, 10% FBS and antibiotics and, once reached sub-confluence, they were 
detached and divided into two aliquots: one cultured with medium containing 10% FBS and the 
other containing 5% PL (Lyset™ Kit) at the same cell density. Every 7 days, until passage 10, 
cultures were monitored under an optical microscope and Cellular Doublings (CD) were 
calculated. Results were analyzed using an ANOVA statistical model, considering CD as response 
variable, while type of supplement (PL or FBS), culture passage and cell line as fixed factors. 
Statistical significance was set at p ≤ 0.05. 
 
Results. A higher cell density was morphologically observed when NP cells were cultured in 
medium supplemented by PL. Cellular doubling was independent from the cell line, significantly 
higher in cultures with PL than FBS (1.68 versus 0.50; p < 0.00001) and significantly influenced by 

the passage (p = 0.0070): it was very low for the first passage (-0.21) and higher for the others ( 
0.59). 
 
Conclusions. Human platelet lysate resulted an effective alternative to fetal bovine serum to 
support the in vitro NP cell expansion, avoiding xenoinfection and immunogenic risks. Further 
investigations will be focused on the use of PL for other cell lines (e.g. fibroblasts, mesenchymal 
stem/stromal cells) and in cryopreservation medium instead serum. 
 
This work was supported by Cariplo_Regione Lombardia (StemDelivery ID 42617604); Lyset™ Kit 
was kindly supplied by Carlo Erba Reagents S.r.l. 
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Purpose. The aim of this study is to perform a detailed investigation of the experimental 
parameters involved in gentamicin loading process into nanoparticles using PLGA and PLGA-PEG, 
as the biodegradable polymers. The nanoparticle formulations (Np) should guarantee the 
antibiotic sustained release, and its delivery into the intracellular infection minimizing  adverse 
effects and nefro-and oto–toxicity. The high aqueous  gentamicin solubility represents the main 
criticality in achieving Nps with high drug payload. 
 
Methods. The nanoprecipitation technique was selected and modified for the encapsulation of 
Gentamicin (Gent). Eight batches were prepared as 23 screening design to study the effect of 
polymer concentration (25-12.5 mg/ml), stirring rate (700-350 rpm) and solvent (S)/non-solvent 
(nS) ratios (0.2-0.5 v/v) on particle size, size distribution (PI) and drug loading (DL). Further 
experimental parameters were investigated to optimize the drug loading: solvent (S) and non-
solvent (nS) nature, polymer composition (PLGA-uncapped and PLGA-PEG), addition of tonicity 
agent and  PVA solution, pH. The resulting Np were characterized for their morphology, particle 
size and PI, zeta potential and DL. Nanoparticles lyophilization process was investigated by the 
following cryprotectants:  sucrose, trehalose, mannitol and related mixtures. 
 
Results. The following optimized experimental conditions for Np preparation were deduced 
from the 23 screening design: 12.5 mg/ ml polymer concentration, 700 rpm stirring rate and 0.5 
ratio S/nS, and they were confirmed by the good results in terms of nanoparticles size (240 nm), 
PI (0.1) and ζ (-0.86 mV). The temperature and time used for solvent evaporation were suitably 
set up at 4°C and 5hr in order to achieve Nps easy resuspension after centrifugation. The addition 
of ethanol in the PVA solution permitted to increase the drug loading from 5 to 12.53 µg/ mg NPs. 
The drug loading was further improved when mixtures of PLGA-uncapped and PLGA-PEG were 
used (> 20 µg/mg Nps). The best results, in terms of nanoparticles resuspendability and particle 
size distribution preservation after freeze-drying, were observed with the addition of 100% w/w 
of sucrose. 
 
Conclusions. Gent is effectively entrapped in PLGA-PEG/PLGA Nps by the modified 
nanoprecipitation method. The enhanced drug loading can be obtained by varying the 
experimental conditions. 
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Purpose. Tobramycin is an aminoglycoside antibiotic active against Gram-negative bacteria, in 
particularly Pseudomonas Aeruginosa that often affect the respiratory tract. The administration 
of antibiotic by inhalation permits to treat directly the infection site, limiting the side effects. To 

be considered respirable, a powder needs aerodynamic diameter less than 5m. Moreover, the 
powder can be affected by solid-state characteristics such different polymorphic phases that 
influence the quality, stability and aerodynamic performance of drug product. Hence, the solid-
state characteristics of three tobramycin raw materials (coded A, B and C) and one spray dried 
powder containing tobramycin (D) were investigated. Finally, the aerodynamic assessment of 
the powder D was performed. 
 
Methods. The micronized powder was manufactured by spray drying using a hydroalcoholic 
solution of tobramycin raw material A and a low amount of sodium stearate (1%w/w). 
Different tobramycin raw materials and spray-dried powder were characterized in term of 
differential scanning calorimetry (DSC), thermogravimetric analysis (TGA), X-Ray Powder 
diffraction, scanning electron microscopy (SEM), Dynamic Vapour Sorption (DVS). Finally, 32 mg 

of spray-dried tobramycin aerodynamic performance were in vitro studied using a RS01
® 

(Plastiape, MI) device through the Next Generation Impactor (NGI). Quantitative determination 
of tobramycin was performed by HPLC analysis.  
 
Results. DSC profiles showed slight thermal events between 40 and 180°C for each powder, but 
powder A had an endothermic peak at 230 °C followed by an exothermic event indicating a 
recrystallization and a final melting at 240°C. Powder C had only an endothermic peak at 240 °C. 
X-ray diffractions confirmed DSC evidences: powders A and C had a crystalline structure, while 
powder B and D showed amorphous patterns. DVS profiles of powders A and D had a progressive 
increase in mass with a peak at 80% RH value, instead D presented a mass increase between 40 
and 60 % RH and this was interpreted as the consequence of drug crystallization. Losses on drying 
of powders A, B and C were respectively 6.0%, 5.0% and 5.6% while powder D had a value 
corresponding to 9.8%. SEM revealed that powder D had a different morphology from raw 
materials: powders A, B, C presented crystalline surface with rough surface while powder D 
presented spherical morphology with a smooth surface. The in vitro aerodynamic performance 
of powder D showed a good respirability, since the value of emitted dose, fine particle dose, 

MMAD were 25.99 ± 0.25 mg, 13.95 ± 0.63 mg and 1.71 ± 0.25 m, respectively. 
 
Conclusions. Tobramycin can exist in different crystal phases; this is an important evidence that 
must be considered during dry powder inhaler formulations development. Starting from a 
crystalline powder, in fact, is possible to obtain a powder spray dried with different solid state 
characteristics that can be change on time and this can influence the powder aerodynamic 
performances, especially its shelf life.   
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Curcumin complexed in a new PAMAM dendrimer to increase stability and solubility 
 

M.C. Falconieri1, M. Adamo2, M.C. Bergonzi1, F.F. Vincieri?, A.R. Bilia1 
1Department of Chemistry, via Ugo Schiff 6 - 50019, Sesto Fiorentino, Florence, Italy; 
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Purpuse. Many synthetic polymers, particularly the biodegradable ones, are largely applied to 
produce drug systems [1]. In this context dendrimers have emerged as one of the most 
promising innovative polymeric nanocarriers for different bioactives [2].  
In continuing our studies on the development of innovative nanocarriers for curcumin, a very key 
natural product from turmeric with numerous biological activities but low bioavailability [3,4], 
we now report on the development and optimization of new PAMAM dendrimer. 
Dendrimers are core-shell nanostructures with precise architecture and low polydispersity, 
which are synthesized in a layer-by-layer fashion (“generation”) around a core unit, resulting in 
high level of control over size, branching points and surface functionality.  
 
Methods. A new PAMAM dendrimer was synthesized through divergent method, which consists 
of three reactions starting from the addition of a primary amine, benzylamine, to a double bond 
of methylacrylate, followed by the synthesis of the amide with ethylendiamine and finally a 
Michael addition with methylacrylate [2].  
 
Results. From dynamic light scattering (DLS), the sample size was 176.7±7.3 nm, a Pd value was 
0.33±0.06. According to transmission electron microscopy (TEM), the prevalent population is 
composed of globular shape dendrimer aggregates of 96.66 nm. The monomer have a 
dimension of 5-7 nm. Curcumin complexation did not affect the structure of dendrimers. The 
aggregates sizes were maintained with a single population (100%), having an excellent 
polydispersity index (0.16±0,02 nm the first and 0.19±0,03 nm the second). Encapsulation 
efficiency (%) and loading capacity (%) were very satisfactory, 88% and 21% respectively. 
 
Conclusions. In addition, PAMAM dendrimer did not show any cytotoxicity in MCF-7 cells. 
Stability of curcumin complexed with dendrimer was evaluated by HPLC and resulted 
satisfactory during three months analysis. The release profile of curcumin from nanocarrier 
showed a slow release profile of the drug. 
 
[1] Pancharcharam M., Miriyala S., Gayathri V., Saguna L., Curcumin improves wound healing by modulating collagen 
and decreasing reactive oxygen species, Cell. Biochem., 290, 87-96, 2006. 
[2] Ducan R., Ringsdorf H., Satchi-Fainaro R., Polymer therapeutics-polymers as drugs, conjugates and gene delivery 
systems: past, present and future opportunities, Adv. Polymer. Sci., 192,1-8, 2006. 
[3] Sharma R.A., Euden S.A, Platton S.L. et al., Phase I clinical trial of oral curcumin: biomarkers of systemic activity 
and compliance, Clin. Cancer Res., 10, 6847-6854, 2004. 
[4] Tianzhu Y., Liu X., Bolcato-Bellemin A., Wang Y., Liu C., Erbacher P., Qu F., Rocchi P., Behr J., Peng L., An 
amphiphilic dendrimer for effective delivery of small Interfering RNA and gene silencing in vitro and in vivo, 
Angewandte Che., 124, 8606-8612, 2012. 
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Heat transfer coefficient evalutation of blisters as primary packaging systems for freeze-dried 
orally disintegrating tablets 
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Purpose. Orally Disintegrating Tablets are solid dosage form containing medicinal substances, 
which disintegrates rapidly, usually within a matter of seconds, when placed upon the tongue. 
The Zydis® technology for example is used for drugs such as olanzapine, ondansetron, and 
loperamide. 
The packaging system for freeze-dried products does not only serve for storage and shipping, 
but it’s also involved in the lyophilization process itself as the product is directly freeze-dried in 
the primary packaging material. Consequently, the container closure systems in pharmaceutical 
freeze-drying not only impact the final product stability, but directly influences the freeze-drying 
process. Effective freeze-drying process development and control requires knowledge of the 
heat transfer coefficient. 
Compared with the vial freeze-drying, relatively few publications deal with freeze-dried fast 
disintegrating tablets and most of them focus on formulation, general processing, product 
characterization, and storage stability, but heat transfer was not examined. 
The aim of the work is to perform a preliminary study of the heat transfer coefficient (Kb) at 
different conditions when freeze-drying occurs in blister packages. 
 
Methods. 5% (w/w) mannitol was used for the sublimation test. Sublimation tests were 
conducted at different chamber pressures (50, 100, 150, 200 mTorr) and shelf temperatures (-20, 
-15, -10 °C). Each run was performed in duplicated. 
The weight of 4 sheets was determined before and after each sublimation test to determine the 
total amount of water removed by sublimation over the calculated primary drying time. 
Self-adhesive thermocouples were used to measure the temperatures of the shelf surface, while 
product temperature was measured using 7 calibrated 36 gauge type-T thermocouples. 
Kb was then calculated as reported in equation. 
 

 
 
Results. As a comparison of heat transfer coefficient values, there is one magnitude of difference 
between blisters and vials/syringes. The heat transfer coefficient for blisters is independent of 
pressure. With the variation of shelf temperature slight higher values were recorded, with a 
decrease as shelf temperature decreases. 
 
Conclusions. The sublimation data show that mass and heat transfer are independent of 
pressure, meaning radiation is the major contributor mode to heat transfer for freeze-drying in 
blisters.  
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Investigation of mucoadhesive properties of interpolyelectrolyte complexes based on 
different grades of Carbopol® 
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Purpose. Synthesis and investigation of mucoadhesive properties of drug carriers based on 
different grades of Carbopol® 71g (C71g), 2020 NF (C2020), 10 Ultrez NF (C10) and Noveon AA-1 
(N AA-1) and oppositely charged polyelectrolyte Eudragit® EPO (EPO). 
 
Methods. Interpolyelectrolyte complexes (IPEC) were prepared by mixing the Carbopol® 
dispersion solutions (0,005 M) with EPO (0,005M) over different period of synthesis (1 hour, 1 
day, 3 days, 7 days) and molar unit ratio of polymers (2:1, 1:1, 1:2). The obtained IPECs were 
washed with water and vacuum dried. The formation of IPEC was proved by MDSC as a 
chemically individually compounds. Mucoadhesive properties, particle size and Z-potential of 
IPEC samples were studied as well. The texture analyses were performed by a 5965 (Instron) 
equipped with a 50 N force cell using mucin as the adherent substrate. Particle size and Z-
potential were carried out by Zetasizer Nano ZS (Malvern). 
 
Results. All polycomplex samples were characterized by the presence of only a single glass 
transition temperature, which was higher compared to that of pure EPO. According to results 
achieved, increasing period of synthesis did not increase the mucoadhesion of IPECs. However, 
including excess amount of EPO in IPEC structure leads to increase mucoadhesive properties (for 
samples C71g-EPO, C10-EPO, N AA-1-EPO). This fact can be explained by changing the charge of 
formed particles from negative into positive, according to Z-potential estimation. The 
dimethylamino groups of EPO therefore could interact with the negatively charged ionized 
carboxylic groups of sialic acid at the terminus of mucins units by ionic bonds. Interesting to note, 
that an increasing the duration of the synthesis causes aggregation of particles C2020-EPO due 
to the high viscosity of C2020 grade. On the contrary, the C71g-EPO system showed lower 
tendency to aggregate. The reason of this may be the ability of EPO linear macromolecules to 
penetrate deep insight into the microgels of C71g due to the mesh size of this slightly cross-linked 
grade of polyacrylic acid. 
 
Conclusions. The structure of the synthesized IPECs, due to differences of EPO surface-oriented 
sequences, depends on the molar ratio of each component in the polyelectrolyte mixture and 
correlates with their glass transition temperatures, Z-potential and mucoadhesive properties. 
  



Posters 
 

9th A.It.U.N. Annual Meeting 55 

 

Stealth nanoparticles for the intracellular curcumin delivery induce cell cycle arrest in 
mesothelioma cells 
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Napoli Federico II – P.le Tecchio, 80, Napoli, Italy 

 
 

Purpose. Curcumin (CURC), a polyphenol extracted from the rhizome of Curcuma Longa Linn, can 
be potentially used in cancer treatment taking advantage of its ability to block the proliferation 
of many tumor cells. Unfortunately, the pharmacological potential of CURC is severely restricted 
by its low water solubility, short half-life and extremely poor bioavailability. To overcome these 
issues, CURC-loaded nanoparticles (NPs) were produced and the effects of the preparation 
technique on NP size and cellular uptake investigated. 
 
Methods. Poly(lactic-co-glycolic acid) (PLGA) NPs coated with hydrophilic polyethylene-oxide 
(PEO) were obtained by blending poloxamers and PLGA at different polymer concentrations in 
an organic phase, used to produce the NPs, both with nanoemulsion/solvent evaporation and 
nanoprecipitation techniques [1]. NPs have been characterized in terms of size, morphology, 
zeta potential, yield and CURC entrapment efficacy. NP stability was evaluated by measuring 
their size over time both at 4°C in aqueous media and at 37°C in complete cell culture medium. 
Moreover, in vitro drug release studies have been carried out. A mesothelioma cell line MSTO-
211H was used to investigate NP cellular uptake and effect on cell proliferation and cell cycle 
progression.  
 
Results. PEO-coated PLGA NPs had a mean size between 90-200 nm and ZP ~-22 mV, for all 
formulations. NP size was roughly stable for at least 30 days in water at 4°C and in RPMI-1640 
medium at 37°C up to 72 hours. In vitro CURC release was found to be mainly driven by drug 
diffusion and was completed within approximately 4 days. Studies on MSTO-211H cells showed 
that CURC-loaded NPs can inhibit cell growth and promote a prolonged cell cycle arrest in the 
G0/G1 phase up to 72 hours, thus overcoming the drug tolerance phenomenon, normally 
evidenced when free CURC is used. Moreover, CURC-loaded NPs displayed a rapid uptake in the 
first 48 hours, strongly dependent on the size of the devices.  
 
Conclusions. Taken altogether, the results show that nanodelivery strategies are helpful in 
overcoming CURC stability issues and that, by properly engineering the devices in terms of 
meansize and surface properties, the active molecule can be effectively internalized by cancer 
cells.  

 
 [1] Mayol et al. European Journal of Pharmaceutics and Biopharmaceutics, 2015. 
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Trans-scleral delivery of cytochrome C and lysozyme: iontophoresis as an enhancing strategy 

 
M.A. Grimaudo, E. Tratta, S. Pescina, C. Padula, P. Santi, S. Nicoli  

University of Parma, Department of Pharmacy, Parco Area delle Scienze 27/A - Parma, Italy 
 
 

Purpose. Diseases of the posterior eye segment are a major challenge in ophthalmology and 
proteins represent powerful tools for their treatment. Despite the potential of these 
compounds, their non-invasive administration remains a challenge. The high permeability of the 
sclera could encourage topical application, but the passive flux is often too low to reach 
therapeutically active concentrations in the target tissue. The purpose of this work was to study 
the trans-scleral permeation of 2 model proteins with similar MW and charge and to evaluate 
iontophoresis as an enhancing strategy. Proteins chosen are lysozyme (MW 14.7 kDa, net charge 
+8 at pH 7.4) and cytochrome C (MW 12.4 kDa, net charge +9 at pH 8.2).  
 
Methods. Quantification was performed by HPLC-UV (cytochrome) and with an enzymatic assay 
(lysozyme). Impact of magnetic stirring and electric current on proteins stability was assessed. 
Vertical diffusion cells were employed to evaluate passive and iontophoretic permeation 
through isolated porcine sclera starting from different buffers (HEPES and citrate). For current 
assisted experiments, anodal iontophoresis was applied (2 hours, 2.9 mA/cm2).  
 
Results. Stability tests suggested both proteins were stable for 5 hours under magnetic stirring 
(loss of protein lower than 10%) and upon current application (more than 90% remaining after 2 
hours). Despite similar MW and charge the passive permeation of the 2 proteins differed 
significantly: at 10 mg/ml permeation occured only for cytochrome (after 5 hours 229.19±54.91 
μg/cm2); at 40 mg/ml the permeation of lysozyme was 10 times lower than cytochrome. When 
iontophoresis was applied in HEPES and citrate buffer, a 10 to 20 enhancement factor was found 
for cytochrome, while a modest (HEPES) or no (citrate) enhancement was found for lysozyme.  
 
Conclusions. Although lysozyme and cytochrome share similar MW and charge, passive and 
iontophoretic permeation profiles across the sclera were demonstrated to be different: 
cytochrome permeability resulted higher and highly improved by iontophoresis, while this 
technique did not represent an efficient method to enhance lysozyme permeation. 
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Purpose. To investigate the state of water and its physical changes in polysaccharide solutions 
and gels during isothermal dehydration, by means of a novel microcalorimetric set-up.  
 
Methods. A new application of the DSC technique has been recently developed in order to 
provide information about the thermodynamics and the kinetics of water evaporation in 
isothermal conditions. Under quasi-thermodynamic conditions and fixed boundary terms, the 
apparent water activity is determined during dehydration, namely as a function of the water 
fraction of the sample.  
 
Results. The experimental parameters controlling the dehydration in isothermal condition have 
been investigated. A calibration curve with CaCl2 has been used to evaluate the proportionality 
between the DSC signal and the corresponding water activity. The set-up has been optimized in 
order to be extended to complex systems. Thus, the technique allows to distinguish the 
dehydration behavior of samples of aqueous solutions and gels (sugars and polysaccharides), on 
the basis of their capability of binding water. A good correlation has been achieved between 
conventional hygrometric measurements and calorimetric ones for different kind of systems 
within the experimental error.  
Along the main outcomes is the possibility to obtain complete desorption isotherms (on the 
basis of the initial water amount) and to extend the technique to a wide range of substrates such 
as vegetable thin tissues and cells monolayer.  
 
Conclusions. The actual value of this novel experimental approach is the determination of the 
“apparent” water activity values for a wide range of systems over the full range of water content 
and within a short experimental time-window (from minutes to few hours). This supports the 
possible application of the calorimetric method for routine determinations.  
 

 Heyd, R., Rampino, A., Bellich, B., Elisei, E., Cesàro, A., & Saboungi, M. L. (2014). Isothermal dehydration of thin films 
of water and sugar solutions. J. Chem. Phys., 140(12), 124701.  

 Bellich, B., Borgogna, M., Cok, M., & Cesàro, A. (2011). Release properties of hydrogels: water evaporation from 
alginate gel beads. Food biophysics, 6(2), 259-266.  

 Bellich, B., Elisei, E., Heyd, R., Saboungi, M. L., & Cesàro, A. (2015). Isothermal dehydration of thin films: calorimetric 
assessment of model parameters. J. Thermal Anal. Calorim., doi: 10.1007/s10973-015-4657-2. 
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Purpose. The aim of this work was to study the tissue regenerative performance of a novel 
natural polymeric formulation alone or in combination with platelet lysate (PL) in a murine model 
of thermal third degree skin burns.  
 
Methods. Chitosan glutamate sponge-like dressing (WF), obtained by freeze drying, were loaded 
with chitosan oleate polymeric micelles (ø=240nm c.a.), containing alpha-tocopherol as 
antioxidant agent or silver sulfadiazine as broad spectrum anti-infective drug. The dressing were 
designed to be used either alone or in combination with a hemoderivate, platelet lysate, to 
provide a protection and a controlled release system for growth factors contained in it.  
The in vivo study used a novel rat model of thermal third degree skin burns. Briefly, male rats 
(Wistar, 250g) were anesthetized and the dorsum was shaved. Subsequently a full-thickness 4-
mm diameter burn by contact with a brass rod heated at 105°C and applied for 40 second was 
carry out. The day after. Three 4mm full-thickness excisional wounds was realized.  
Each lesions were treated with a single formulation loaded with platelet lysate or with 
physiological solution (control). Dressing without PL were tested too, by applying them to 
wounds in two different amounts (WF1 and WF2) to test the effect of dressing components. A 
wound healing > 80% was considered the endpoint.  
 
Results and conclusions. The results confirm that the platelet lysate growth factors play a key 
role in the wound healing. The dressing resulted compatible with hemoderivative growth 
factors. A positive effect was observed on wound healing also in case of lesions treated with 
dressing without PL. A regeneration, respectively, of about 85% (PL), 60% with WF1 and 90% with 
WF2 of the starting burned area was found vs 45-50% observed in control lesion treated with 
saline. 
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Nanocoochleates: innovative nanocarriers to enhance oral bioavailability of andrographolide 
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Purpose. Nanocochleates (NC) are cylindrical (cigar-like) microstructures that consists of a series 
of lipid bilayers. They have unique multilayered structure consisting of solid, lipid bilayer sheet 
rolled up in a spiral or in stacked sheets, with little or no internal aqueous space [1]. 
Nanocochleates are stable phospholipid-cation precipitates composed of simple, naturally 
occurring materials such as lecithin, phosphatidylserine, phosphatidylcoline, phosphatidic acid 
and calcium ion. Andrographolide (AG) is the main active ingredient in the common Andrographis 
paniculata (Burm.f.) Nees, which is commonly used in Chinese patent medicine against 
inflammation. It can relieve internal fever, detoxicate, diminish inflammation, stop pain and has 
good curative effect to the upper respiratory tract infection and diarrhea due to bacteria and 
virus [2]. In Europe the plant material is included in food supplements but not yet considered as 
a traditional or well-established HD [3]. 
The aim of our work was to develop nanocochleates able to encapsulate andrographolide in 
order to improve dissolution and its bioavailability after oral administration. 
 
Methods. In the present research, small unilamellar vesicles were prepared according to the film 
hydratation method from P90G, AG and Chol following sonication and ultracentifugation until 
obtaining nanoliposomes suspension. Nanocochleates were prepared by trapping method. 
Briefly, a solution of calcium chloride (0.1 M) was added dropwise into preformed nanoliposomes 
under continuous agitation with the magnetic stirrer at room temperature. 
 
Results. Transmission electron microscopy exhibited nanocochleates as tubular rod structure 
with an average diameter of 132.2±3 nm, a polydispersity of 0.19 ± 0.02, and a zeta potential of -
15.9 ± 1.1 mV. The average drug-entrapment efficiency was 95.6 % ± 0.54. 
 
Conclusions. Nanoochleates acted as delayed release delivery vehicles and they are suitable to 
enhance oral biovailability of liphophilic drugs as andrographolide. 
 
 [1] Zarif, L., & Perlin, D. Amphotericin B Nanocochleates : From Formulation to Oral Efficacy, Drug Delivery 
Technology 2002; 2(4), 34-37. 
[2] Lv, S.M., Shi, C.Y., Dong, L.Y. A study on antiinflammation, antipyretic and analgesic action of andrographolide 
sodium bisulphite. Chin. J. Ethnomed. Ethnopharmacy 2009; 18-56. 
[3] http://www.ema.europa.eu/docs/en_GB/document_library/Herbal_-
_HMPC_assessment_report/2013/01/WC500137817.pdf. 
  

http://www.ema.europa.eu/docs/en_GB/document_library/Herbal_-_HMPC_assessment_report/2013/01/WC500137817.pdf
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Purpose. The antibiotic therapy for a direct administration to the lung in cystic fibrosis patients 
has to provide suitable availability, possibly in the lower respiratory tract, characterized by the 
presence of thick secretions. Because of this problem, one of the crucial step in the therapeutical 
management of the respiratory disease could be the drug solubilization directly in this site of 
action. The aim of the study was to obtain respirable powders of clarithromycin, while improving 
drug aqueous solubility.  
 
Methods. Several batches of micronized particles were prepared by spray drying different feed 
solutions, varying the solvent composition (water/isopropyl alcohol ratio), the drug 
concentration and pH of the liquid feeds. Particle size distribution of raw materials and 
engineered particles was determined using a light-scattering laser granulometer while particle 
morphology was assessed by scanning electron microscopy. The in vitro deposition of the 
micronized clarithromycin powders was evaluate by means of a Single-Stage Glass Impinger 
(SSGI; apparatus A, European Pharmacopoeia 8.0), using a Turbospin® as device for the 
aersolization. True density measurements were performed by a helium pycnometer (Accupyc II 
1340). Solubility measurements of raw and spray-dried drug were carried out at 37°C in 
phosphate buffer (0.05 M, pH 6.8).  
 
Results. Morphology and aerodynamic properties of spray-dried particles were strongly 
influenced by organic solvent concentration and pH of the liquid feeds processed, both 
modifying drug solubility. Spherical particles and crystals were obtained at higher pH and lower 
organic solvent content, while wrinkled particles were obtained at lower pH values. Moreover, 
thanks to their shape, spray-dried powders from hydro-alcoholic solutions containing 
clarithromycin in its salt form, showed better aerodynamic properties.  
 
Conclusions. The clarithromycin inhalable powders containing the drug in its salt form, showed 
high water solubility and good aerodynamic properties, thanks to a fine-tuning of the process 
parameters and liquid feed composition, with no need to add any excipients. 
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A. Marengo1, E. Dalla Pozza2, I. Dando2, G. Biondani2, M. Palmieri2, F. Dosio1, S. Arpicco1 

1Dipartimento di Scienza e Tecnologia del Farmaco, Università degli Studi di Torino, Via P. Giuria 9 - 10125, Torino 
2Dipartimento di Scienze della Vita e della Riproduzione, Università degli Studi di Verona, Strada Le Grazie 8 -  37134, 

Verona 

 
 

Purpose. Disulfiram (DS) is a commercially available antialcoholism drug that has shown 
anticancer activity in vitro and in vivo. This activity is the result of several mechanisms such as 
inhibition of NFkB, inhibition of aldehyde dehydrogenase activity and ROS production. DS also 
potentiates the cytoxicity of cyclophosphamide, cisplatin, 5-fluorouracil, paclitaxel and 
gemcitabine. Recent study shows that DS is a specific breast cancer stem cells targeting agent 
[1].The aim of the present work is to prepare and to characterize new liposomal formulations 
able to encapsulate DS and change its pharmacokinetic behaviour to obtain high and specific 
release on pancreatic adenocarcinoma cells.  
 
Methods. We prepared two liposomal formulations composed of 1,2 dipalmitoyl-phosphatidyl-
coline (DPPC) and cholesterol (CHOL). These formulations have different amounts of CHOL, (30 
and 10%). Liposomes were prepared by reverse-phase evaporation technique [2] and then 
characterized in terms of size, drug encapsulation efficiency and stability in storage (4°C) and 
physiological conditions (37°C). 
 
Results. Both formulations showed a mean diameter of 200 nm and were stable for 28 days in 
storage conditions. During storage, no appreciable liposome size change was detected and no 
drug precipitation or liposome aggregation was observed. The formulation with 10% of CHOL 
showed an higher drug encapsulation efficiency and released 50% of encapsulated DS after 48h 
in serum. 
 
Conclusions. Preliminary in vitro studies with PSN1 pancreatic cancer cell lines showed an higher 
cytotoxic activity of liposomal formulation in comparison to free DS. On the basis of these 
preliminary results the encapsulation of DS into liposomes can be a novel approach to extend its 
half life and translate it into cancer indication.  
 
[1] NC Yip, IS Fombon, P Liu, S Brown, V Kannappan, AL Armesilla, B Xu, J Cassidy, JL Darling and W Wang. Disulfiram 
modulated ROS–MAPK and NFkB pathways and targeted breast cancer cells with cancer stem cell-like properties. 
British Journal of Cancer (2011) 104, 1564 – 1574. 
[2] F Szoka F Jr, Papahadjopoulos D. Procedure for preparation of liposomes with large internal aqueous space and 
high capture by reverse-phase evaporation. Proc Natl Acad Sci U S A.(1978) 75, 4194-4198. 
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Purpose. To evaluate the feasibility of 3D-printed swellable/erodible capsular devices for oral 
pulsatile release by Fused Deposition Modeling (FDM), starting from in-house produced 
filaments based on pharma-grade polymers. 
 
Methods. FDM was performed in a MakerBot Replicator 2 in its standard configuration, using 
custom computer-aided design (CAD) files and hydroxypropyl cellulose (HPC)-based filaments 
purposely prepared by hot melt extrusion (HME). HPC stored 24 h in oven at 40 °C and blends of 
HPC with PEG 1500 (2-10% w/w) were extruded by a twin-screw extruder (Haake MiniLab II, 
Thermo Scientific, USA) equipped with a rod-shaped die (ø 2.00 mm); extruded rods were 
calibrated and rolled up on a spool using a purposely-designed device. The release test of capsule 
shells filled with 80 mg of acetaminophen (n = 3) was carried out in an adapted three-position 
disintegration apparatus (800 mL distilled water, 37 ± 0.5 °C, 31 cycles/min). The amount of drug 
released was assayed spectrophotometrically (248 nm) and the lag time was calculated as the 
time to 10% release (t10%). 
 
Results. 3D printing by FDM consists in the deposition of a thermoplastic material in a semi-
molten state to build up an object layer by layer, starting from a filament. In order to evaluate 
the use of FDM for the manufacturing of pulsatile-release capsular devices, HPC-based filaments 
with suitable diameter and diameter tolerances (1.75 ± 0.05 mm) were prepared, coupling a 
tween-screw extruder with a pulling/calibrating device and adjusting process parameters (e.g. 
screw and motor speed, extrusion T). The plasticizer content in the formulation was 
progressively reduced. Not only the size but also the mechanical characteristics of the filament 
were demonstrated to affect the 3D printer feeding; a continuous flow of the material through 
the extrusion head was obtained with the pure-HPC filament only. By developing suitable CAD 
files and adjusting process parameters prototype bodies and caps were successfully printed, 
filled and matched to give capsular devices with the expected pulsatile-release performance (t10% 
= 67 min, CV = 10%). 
 
Conclusions. HPC filaments were prepared by HME and demonstrated suitable for the 3D 
printing by FDM of swellable/erodible capsular devices with pulsatile release performance. 
  



Posters 
 

9th A.It.U.N. Annual Meeting 63 

 

Nanoimaging: photophysical/ technological characterization of PLGA nanoparticles 
engineered with Quantum Dots 
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Purpose. In this research we aimed to functionalize polymeric nanoparticles (NPs) with quantum 
dots (QDs) by means of two different formulation procedure and to characterize the 
polymer/QDs architecture by assessing their chemico-physical, morphological and photophysical 
features. We tried also to establish if a quenching phenomena caused by the “packaging” of QDs 
in a polymeric matrix and the recovery of their fluorescence after reverting polymer in the linear 
form could exist.  
 
Methods. NPs were obtained in accordance with the nanoprecipitation procedure and in 
particular we achieved two different QDs-modified NPs typologies (pre-formulation and post-
formulation). Nanoprecipitation of PLGA and PLGA-PEG-QDs mixture in organic solvent 
produced PRE-FORMULATION QDs-MODIFIED NPs (PLGA-PEG-QDs was previously synthesized 
starting from PLGA503H with EDC-NHS technology) while reaction between preformed PLGA- 
NPs and the amino-group of QDs-PEG-NH2 produced POST-FORMULATION QDs-MODIFIED NPs. 
Size, z-potential (ζ-pot), morphological (SEM, AFM, TEM) and photophysical [confocal 
microscopy, fluorescence lifetime imaging microscopy (FLIM)] analysis of all the samples were 
performed. 
 
Results. The most significant differences between the two categories of QDs-modified NPs 
consisted in their inner structure and in the maintenance or loss/shift of emission signals. In 
particular, POST-FORMULATION QDs-MODIFIED NPs, which exhibits QDs anchored onto the NPs 
surface level, maintained those photo-physical characteristics peculiar of QDs (brilliant color 
under UV exposition and identical emission spectra), demonstrating the successful and the 
feasibility of surface modification. On the other hand, PRE-FORMULATION QDs-MODIFIED NPs 
showed an “un-usual” morphological aspect, also revealing uncommon photo-physical 
behaviors. These observations can be explained by the different polymeric environment 
inducing “defects” in QDs-PEG-NH2 surface or, somehow, decreasing the quantum yields of free 
QDs-PEG-NH2. 
 
Conclusions. These findings evidenced for the first time the importance of considering polymeric 
influence using QDs probe and may induce a new way for different NPs characterization by 
analyzing QD fluorescence spectrum. NPs labelled with QDs, if safe and properly characterized, 
can represent useful tools for treatment, diagnosis and monitoring of biological systems and 
dynamics. 
  



Posters 
 

9th A.It.U.N. Annual Meeting 64 

 

Validation of chromatographic method for quantification of Budesonide in HPMC phthalate 
Microparticles 
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Purpose. The purpose of this study was to develop and validate a chromatographic method for 
quantification of budesonide in hydroxylpropylmethylcellulose phthalate (HPMCph) 
microparticles 
 
Methods. Budesonide standard was dispersed in a mixture (60:40) of acetonitrile and water (pH 
3,2) yielding concentrations from 50.0 to 500.0 µg/ml. The absorbance was measured by high-

pressure liquid chromatography ( = 242 nm). Six replicates were carried out to estimate the 
inherent variability. Linearity and range were studied by preparing the calibration curves, which 
were constructed in six replicates at six concentration levels. The detection (LOD) and the 
quantification (LOQ) limits were calculated based on the standard deviation (SD) and the slope 
of the calibration graphs. Similarly, precision and accuracy were determined by analyzing three 
different concentrations of the sample in triplicate. The precision was verified by repeatability 
and intermediate precision studies. Repeatability studies were performed by analyses of three 
different concentrations in triplicate on the same day.  Accuracy was determined for both intra- 
and inter-day (two different working days) variations by analyzing the samples in triplicate.  The 
results were analyzed using linear regression and ANOVA and the main validation parameters of 
the method were also determined, according to ICH guidelines.  
 
Results. The calibration curve (y = 79,304x – 682,32) showed linear response with correlation 
coefficient “r” 0.9992. The detection limit (LOD) was 5.45 µg/ml and quantification limit (LOQ) 
was 16.50 µg/ml. The residues analysis demonstrated that the regression was highly significative. 
The relative standard deviation or coefficient of variation percentage for the budesonide 
concentrations analyzed demonstrated reproducibility. In order to determine the accuracy and 
the precision (repeatability and intermediate precision - different days) of the method, stock 
solutions in three different concentrations were analyzed in triplicate. The mean recovery (% ± 
SD) obtained was 99.26 ± 2.73 and the precision results showed mean RSD < 5%.  
 
Conclusions. The validation of the analytical method showed linearity, selectivity, accuracy and 
precision for quantification of budesonide.  
 
Acknowledgments. The authors acknowledge the Brazilian funding agencies CAPES 
(Coordenação de Aperfeiçoamento de Pessoal de Nível Superior). 
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Purpose. The aim of the present study was to evaluate the mechanical properties of 
mucoadhesive, thermoresponsive polymeric systems containing propolis microparticles that 
were designed for use as a drug delivery platform within the topical administration.  
 
Methods. Binary polymeric formulations were prepared containing 15% (w/w) of P407 and 0.25% 
(w/w) of C934P. The mass of C934P was dispersed in distilled water using a mechanical stirrer, 
following which the mass of P407 was added to this gel and stirred to ensure complete mixing. 
The resultant gels were neutralized by the addition of triethanolamine. Propolis extract (EPRP) 
was prepared with a propolis/ethanol ratio of 30/70 (w/w) by turbo extraction. EPRP was added 
to the formulations at 8% (w/w), by the dripping technique, with magnetic stirring for 30 min. 

The mechanical properties of all formulations were determined using a TA-XT2 Texture Analyser 
(Stable Micro Systems, UK) in texture profile analysis mode (TPA). In TPA mode, an analytical 
probe (10 mm diameter) was twice forced down into each sample at a defined rate (2 mms-1) and 
to a defined depth (15 mm), allowing a delay period (15 s) between the end of the first and the 
beginning of the second pass.  At least six replicates analyses of each sample were performed at 
temperatures of 5, 25 and 37°C. From the resulting force-distance and force-time plots, the 
hardness, compressibility, adhesiveness, elasticity and cohesiveness were derived.  
 
Results. It was found that with increasing temperature there was an increase in hardness, 
compressibility, elasticity and cohesiveness of the formulation. Moreover, the addition of EPRP 
modified hardness, compressibility, adhesiveness, elasticity and cohesiveness of formulations. 
These mechanical properties were also increased as the temperature increased with EPRP in 
addition, all the formulations displayed adhesiveness at 37 ºC.  
 
Conclusions. This result efforts the interaction between the polymers and acts as further 
evidence of mucoadhesion, helping to provide better retention for topical administration.  
 
Acknowledgments. The authors acknowledge the Brazilian funding agencies CAPES 
(Coordenação de Aperfeiçoamento de Pessoal de Nível Superior), Araucaria Fundation, CNPq 
(Conselho Nacional de Pesquisa), and FINEP (Financiadora de Estudos e Projetos). 
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Toxicological profiles and surface properties at physiological pH of N-decanoyl amino acids 
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Purpose. N-acyl amino acids based surfactants are an attractive class of anionic amphiphiles 
alternative to sulphate-based surfactants potentially employed as excipients in all 
pharmaceutical applications at which an anionic surfactant (eg. sodium dodecyl sulphate SDS) is 
needed [1, 2]. The aim of this work is to correlate surface properties of N-decanoyl amino acids 
at physiological pH and their toxicological profile in order to explore the potential use of these 
surfactants for pharmaceutical applications.  
 
Methods. A series of N-decanoyl amino acids with different polar heads (leucine, methionine, 
serine and proline) was synthesized and characterized in isotonic phosphate buffer pH 7.3 in 
term of surface properties and cell toxicity in comparison to SDS, a common and widely 
employed surfactant in pharmaceutical formulations. Three different cell lines (Caco-2, A549, 
Calu-3) and erythrocytes were selected as model for oral, respiratory or parenteral 
administration in order to evaluate surfactant cellular toxicity (MTT, LDH, hemolytic assay).  
 
Results. The different polar heads did not strongly affect surface properties of surfactants, 
differently to their cell toxicity profiles which were specifically influenced by the structure of the 
amino acid polar head. According to cell toxicity assays, all N-decanoyl surfactants resulted to be 
less toxic than SDS. In particular, cell viability (MTT assay) was found to be dependent on the 
hydrophobicity of the lateral group of the amino acid in all tested cell lines, while LDH and 
hemolytic assay highlighted the low effect of N-decanoyl amino acid on disrupting cell 
membranes.  
 
Conclusions. Overall, such results suggested that hydrophilic interactions between amphiphiles 
and cell membranes play a key role in determining cellular toxicity. 
 
[1]Pinazo A, Pons R, Pérez L, Infante MR. 2011. Industrial & Engineering Chemistry Research 50: 4805-17 
[2]Moran MC, Pinazo A, Perez L, Clapes P, Angelet M, et al. 2004. Green Chemistry 6: 233-40 
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Hexosomes based on Cholesterol and Phosphatidylcholine: a new drug delivery system 
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Purpose. The lyotropic liquid crystalline systems (LLC), such as hexosomes, are promising 
systems for release of drugs of different nature and various routes of administration, such as 
oral, topical, nasal and mucosal. The LLC are complex systems with a thermodynamically stable 
morphology and with a wide range of sizes [1].The literature describes some of these, but all of 
them are based on synthetic components, such as glyceryl monooleate, oleyl glycerate and 
phytanyl glycerate [2]. 
 
Methods. In the present study new self-assembled lyotropic liquid crystalline systems 
(hexosomes) were prepared and optimized using exclusively a mixture of natural lipids, 
phosphatidylcholine and cholesterol. TEM analysis and Small angle X-ray diffraction profiles 
confirmed the presence of the hexagonal phase. 1%, 5% and 10% w/w of Curcumin, obtained 
from Curcuma longa (Zingiberaceae), was added to the hexosome formulation [3]. 
 
Results. TEM analysis showed that only 1%w/w of curcumin was compatible with the hexagonal 
systems, while at higher concentrations a collapse of the system was evident. Addition of 
curcumin didn’t change the size (350±6.6nm and 100±4.5nm). Drug-entrapment efficiency was 
51±0.12%. Release studies conducted at pH1.2 demonstrated that the developed hexosomes 
realize a "sustained release” of curcumin. 
 
Conclusions. The new hexosomes suggest a potential application not only as drug carriers, 
but also for food and cosmetic formulations.  
 
 [1] Collings, P.J., "Liquid Crystals: Natures Delicate Phase of Matter, " Princeton University Press, NJ (2002).  
[2] Rangelov S., Almgren M., "Particulate and bulk bicontinuous cubic phases obtained from mixtures og glyceryl 
monooleate and copolymers bearing blocks of lipid-mimetic anchors in water,” J. Phys. Chem. B, vol. 109 (2005), 
3921-3929.  
[3] Aggarwal B.B., Harikumar K.B., “Potential therapeutic effects of curcumin, the anti-inflammatory agent, against 
neurodegenerative, cardiovascular, pulmonary, metabolic, autoimmune and neoplastic diseases,” Int. J. of Biochem. 
& Cell Biology, vol.41 (2009), 40-59.  
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Purpose. Pressure ulcers are a common problem between elderly patients in many clinical 
settings, especially for those in intensive care unit (ICU) and with chronic comorbidities as 
diabetes, vascular and neurological disease. Wound healing is a complex organized process 
involving soluble mediators, resident cells, corpuscolated blood components end extracellular 
matrix (ECM). Extrinsic and intrinsic factors may impair healing, like prolongued immobility, 
ischemia due to it, malnutrition, infection, immunosuppression, dryness of skin, pain insensitivity 
etc. Current treatments include a multidisciplinar pathway ranging from surgery to medical 
management, depending also on the wound type based on an international accepted evaluation 
scale. Recently it has been demonstrated that topical application of 1% atorvastatin ointment for 
14 days can lead to complete healing: this could be due to statins’ pleiotropic effects which 
comprises increase in VEGF expression, antiinflammatory, immunomodulatory and antibacterial 
activity [1]. For such reasons the aim of this work was the development of new topical 
formulations containing 1% atorvastatin. 
 
Methods. Atorvastatin calcium (Teva Pharm. Ind. Ltd.) was characterized by DSC (Mettler 
Toledo) to check its thermal behaviour, to define its melting point and to confirm its crystalline 
physical state (polimorphous VIII). Furthermore it was investigated API’s solubility in different 
skin compatible solvents to find the excipient, or mixture, which could best solubilize it. Based 
on solubility data, the drug was then dispersed in 4 new formulations: O/W cream, PEG ointment, 
Emulgel and Hydrogel. These preparations were finally tested for their rheological (Rotovisco 
RV20) and in vitro release performances (USP Apparatus 2), all compared with reference 
ointment. 
 
Results. Atorvastatin calcium it has been found to be best soluble in PEG 400, Transcutol HP 
(Gattefossé) and in propylene glycol; all formulations developed were better than reference 
ointment in terms of rheology (patient compliance) and in terms of in vitro release. In particular 
PEG ointment and Emulgel showed the best drug availability, meanwhile Emulgel had the best 
dynamic viscosity properties. 
 
Conclusions. Formulations developed showed promising results and should be taken into 
account in future RCT in the treatment of pressure ulcers, especially PEG ointment for its exudate 
absorption skill and Hydrogel/Emulgel for autolytic debridement and moistening effects. 
 
 [1] Farsaei S, Khalili H, Farboud ES, Karimzadeh I, Beigmohammadi MT. Efficacy of Topical Atorvastatin for the 
Treatment of Pressure Ulcers: A Randomized Clinical Trial. Pharmacotherapy: The Journal of Human Pharmacology 
and Drug Therapy 2014;34(1):19-27. 
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Purpose. Neurological inflammation is a common characteristic of many disorders, such as 
Alzheimer, Parkinson and multiple sclerosis. The present study describes the production and 
characterization of solid lipid nanoparticles (SLN) and nanostructured lipid carriers (NLC), 
appropriately functionalized, as drug delivery systems for three different model compounds 
effective against neuroinflammation, namely URB597 (URB), Dimethylfumarate (DMF) and 
Progesterone (PRG).  
 
Methods. SLN and NLC dispersed in a 2.5% w/v poloxamer 407 solution were produced by a water 
in oil (W/O) method and then characterized. Morphology and dimensional distribution have been 
investigated by cryogenic transmission electron microscopy (cryo-TEM) and sedimentation field 
flow fractionation (SdFFF), respectively. Moreover, X-ray was performed. 
The percentage of drug incorporation was determined by disintegration and ultrafiltration 
method. This evaluation has been used for stability studies of the formulations after 30, 60 and 
90 days from preparation. Drug release modalities were in vitro investigated using equilibrium 
dialysis. 
 
Results. Morphological analysis as found by cryo-TEM showed that SLN and NLC have a flat ovoid 
structure, although in the case of NLC structure is more rounded than SLN. The dimensional 
analyses as found by SdFFF showed that the size distribution of SLN is more homogeneous than 
that of NLC. The presence of drugs does not alter the macroscopic appearance of the suspension 
and does not lead to the formation of aggregates. Moreover, recovery of all drugs in 
nanoparticles is higher than 50% as compared to the initial amount of molecule. In particular, the 
recovery of DMF and PRG in SLN and NLC is higher than 90%.  
The drug encapsulation was found quantitative (94,64% w/w÷99,95% w/w) for lipophilic drugs 
(i.e. URB and PRG), while DMF is lower (66,90% w/w) being partially solubilized in the aqueous 
dispersing phase. The X-ray diffraction showed that the addition of drug to nanoparticle does 
not change the internal structure of SLN nor NLC. 
Drug release studies demonstrated that the slower kinetics was obtained in the case of URB, 
confirming that the better release is related with the lipophilicity of the molecules.  
The stability of URB, PRG, DMF incorporated into SLN was evaluated over 90 days and it was 
found that SLN are able to better maintain the stability of the more lipophilic drugs URB and PRG 
instead DMF.  
 
Conclusions. This study confirms that the incorporation of active substances in different types 
of lipid nanoparticles is possible and the gradual release kinetics and stability of the incorporated 
active molecules is strictly dependent on their lipophilicity. 
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Trends in encapsulation technologies for delivery of food bioactive compound 
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Purpose. The “Food Structure Design” research group of the DEFENS presents recent results on 
design and manufacturing of micro and nano-capsules for controlled release of the carried 
bioactive, primarily intended for use in food formulation, but which can be easily transferred to 
other non-food fields, from the pharmaceutical, to the cosmetic, to the biomaterials for medical 
applications. The capsules were designed with optimised functionality and targeted release 
within the body to maximize its health benefits. Destructurization behavior in the gut is a key 
point for optimal carriers design.  
 
Methods. Alginate microbeads, as vehicles of vitamin B12 were produced through a mechanical 
co-extrusion technique. A double coating was eventually obtained by immersion in a polymeric 
solution of chitosan. Vitamin release kinetics were described over the transit in a in vitro 
simulated small intestine model. Finally, functionality of alginate microbeads for protection of 
probiotic viability from gastric condition were evaluated by using a modified bioluminescent 
Bifidobacterium longum. 
 
Results. Alginate microbeads, once subjected at chemical and physical conditions similar which 
mimics to human gut, retain their functionality and slowly release the carried bioactive, whereas 
a burst release was observed in simulated gastric environment. The vitamin release in the gut 
was modelled with the assumption of a pseudo-steady state diffusion and an overall mass 
transfer coefficient was calculated. The release at high pH can be modulated by applying an 
appropriate double coating to the primary shell which, unfortunately, does not affect the 
diffusion at low pH. However, alginate microbeads coated with chitosan can be effectively used 
to protect the viability of encapsulated probiotic from the gastric environment, as clearly 
demonstrated by luminometric measurements on a modified bioluminescent Bifidobacterium 
longum.  
 
Conclusions. Bioactive encapsulation performed under the property-structure-process 
relationships seems to be a promising way to deliver new products that are healthy. Due to the 
non-equilibrium nature of food structure in general and under transient destructuring conditions 
of the gastrointestinal tract, the investigations in the gut environment are certainly to be 
considered as preliminary.  
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Binary polymeric systems containing methylene blue: Continuous shear rheology 
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Purpose. The present work aims to evaluate the effect of poloxamer (P407), Carbopol 934P 
(C934P) and methylene blue (MB) on the flow behaviour, by continuous shear rheology.  
 
Method. The formulations were prepared following a factorial design (23 with central point). 
Polymeric dispersions were prepared containing C934P (0.15; 0.20; 0.25%, w/w) in distilled water 
with following addition of P407 (15; 17.5; 20%, w/w), triethanolamine as neutralizing agent; 0.25; 
0.50; 0.75% (w/w) of drug (MB) was added. Continuous shear rheograms were obtained using a 
rheometer (MARS II, Thermo-Haake) at 25 ºC and 37 ºC (n=5). The obtained results were analyzed 
using the Ostwald de Waele (Power Law) and Herschel-Bulkley equations. The polymeric 
concentration effects and the presence of MB on the flow properties were statistically evaluated 
using Experimental Design (DOE) from Statistica 8.0®.  Post-hoc average comparison, for all 
ANOVA cases, was realized Tukey's honestly significant difference, p<0.05.  
 
Results. The formulations presented shear thinning flow behaviour; the yield stress was verified 
at 37 ºC for all the formulations, and at 25 ºC only for those containing 20% (w/w) of P407. The 
systems constituted by 15 and 17.5 % (w/w) of P407, may be classified as pseudoplastic fluids 
under 25 ºC, besides that, on higher temperature, as plastics. The systems with the highest P407 
content, presented plastic behavior. Some systems displayed rheopexical characteristics, 
namely, the ones containing 15% (w/w) P407 at both temperatures and with 17.5% (w/w) P407 at 
25 ºC.  For the κ value (consistency index) at 25 ºC the equation obtained was 𝑦 = 41,925 +
82,632 𝑋1 + 7,827 𝑋2 + 3,634 𝑋3 + 6,769 𝑋1𝑋2 + 4,671 𝑋1𝑋3 + 79,386 𝑋2𝑋3 + 80,431 𝑋1𝑋2𝑋3  
and at 37 ºC was 𝑦 = 150,555 + 245,139 𝑋1 + 44,651 𝑋2 + 20,799 𝑋1𝑋2 − 47,058 𝑋1𝑋3 −
7,099 𝑋2𝑋3 − 19,517 𝑋1𝑋2𝑋3. As the P407 concentration increased, higher was the κ value and 
lower was the n value (flow index). In general, C934P and MB presented negative effect over 
both parameters.  
 
Conclusions. The systems 20/0.15 (P407/C934P) presented better results considering a topical 
administration, ease of spreadability and return to its original form when the shear is removed.  
 
Financial support. CAPES, CNPq, Fundação Araucária, FINEP, UEM. 
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Purpose. The aim of this work is to identify the most efficient and convenient nebulizing system 
for colistimethate sodium CMS pulmonary administration. Nowadays CMS is on the marked and 
two different mesh nebulizers are commonly used for the therapy. This study assessed the in 
vitro performance of an aerosol of CMS nebulized by eFlow® rapid and the I-neb®. 
 
Methods. In vitro nebulisation efficiency of CMS freeze-dried powder (1 milion I.U., 80 mg) 
dissolved in 1 or 3 ml saline was investigated by two different electronic mesh nebulisers: eFlow® 
rapid (PARI Pharma GmbH, Germany) and I-neb® equipped with a grey 0.3 ml chamber (Philips 
Respironics, UK). 
Aerosol output and aerosol output rate were measured using a breath simulation test mimicking 
an adult breathing pattern (15 breaths/min, 500 ml tidal volume, inhalation/expiration=1). 
Aerodynamic particle size distribution was determined by next generation impactor operated at 
a flow rate of 15 l/min, in accordance with European Pharmacopoeia 8.0 2.9.44 specifications on 
aerosols. Sample solutions were assayed by a validated HPLC-method and UV detection. 
 
Results. The two mesh nebulisers showed a different loading capacity: 3 ml for eFlow®, which 
permits to load 80 mg of CMS (1MIU) and 0.4 ml for I-neb® equal to a loading of 32 mg (0.4 MIU) 
of CMS.  
The aerosol output (delivery dose) was similar for the two devices and around 25 mg of CMS. 
The drug delivery rate was higher for eFlow® (7.23 mg/min) than I-neb® (2.74 mg/min). Thus, the 
nebulization time was 3.8 and 8.9 min for eFlow® and I-neb®, respectively. 
Despite to the different loaded dose (80 vs 32 mg) the respirable dose, i.e. the mass of drug with 
aerodynamic diameter lower than 5 μm, was similar for the two nebulizers. The residual volume 
of I-neb® was very low and the amount of drug loaded was efficiently emitted. In particular, the 
respirable dose was 19.6 mg for I-neb® and 17.6 mg for eFlow®. 
 
Conclusions. This study demonstrates that the respirable dose in vitro produced nebulizing 1 MIU 
of CMS by I-neb®  or eFlow® is equivalent. However, the nebulization time required by I-neb® was 
almost double compared the eFlow®. 
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Purpose. The aim of the project was to investigate how the process parameters to produce blend 
between lactose and salmeterol xinafoate (SX) influence the aerodynamic performance and the 
dissolution rate of SX. 
 
Method. Four blends of SX/α-lactose monohydrate were produced by a high shear mixing 
applying different shear and blending times. The mixing time (sec) and speed (rpm) were 
increased to provide different energy input during mixing. The in vitro aerodynamic performance 
of SX blends obtained was investigated using a Next Generation Impactor (NGI, Copley Scientific, 
UK) while dissolution rate using Franz diffusion cell (DISA, ITA). 
Two different devices having different de-agglomeration power were evaluated: a mono-dose 

capsule-based device (RS01®, Plastiape, ITA) and a multi-dose reservoir device (Easyhaler®, 
Hexal, DE).  
Finally, the dissolution rate of the drug in the different blends was performed before and after 
the aerosolization of powder by the two DPI inhalers.  
 
Results. The increase of the energy input during mixing process determinates an increase of FPF. 
For the blends aerosolized with RS01 the values of Fine Particle Fraction (FPF) ranged from 7.92% 
to 19.29%. The same behaviour for the blends aerosolized with Easyhaler was observed with a 
FPF ranged from 3.43% to 11.71%. 
The dissolution rate investigated before aerosolization showed that the SX dissolved with 
different dissolution rate according to the energy employed in the preparation; in particular the 
fastest rate was achieved when the blend was prepared at highest rpm of mixing. This result 
could be explained considering that the high energy used during blend preparations broke the 
aggregates in fine microparticles of drug improving their dispersion when dragged inside an air 
flow and increasing the superficial area of the drug in contact with the buffer. 
The dissolution profiles of the SX after aerosolization with Easyhaler and RS01 were similar. 
However, the dissolution rate of the powder collect after aerosolization using RS01 was faster 
than using Easyhaler.  
 
Conclusions. This work demonstrated the influence of mixing parameters on the aerodynamic 
behaviour and dissolution rate of SX blends for inhalation. The increasing of the energy input 
leads to an improvement of fine particle fraction and dissolution rate of SX. Moreover, devices 
investigated showed significant differences in terms of FPF due to the different resistance and 
de-agglomeration mechanism.  
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Purpose. The aim of the present work was the development of in situ gelling scaffold based on 
Methylcellulose (Me) and Sodium Alginate (SA), associated with Chondroitin sulfate (CS), to 
prolong the intramural delivery of secretoma in the treatment of acute myocardial infarction 
(MI). Secretoma, released by γ-irradiated apoptotic cord blood-derived mononuclear cells (CB-
MNCs), contains many growth factors and cytochines involved in wound healing, collagen 
remodeling, inflammation and in activation of monocythes, macrophages and neutrophils. 
 
Methods. Me and CS, respectively at 1% and 4%, were hydrated in physiological solution (0.9% 
w/w). SA and CS were hydrated in isotonic mannitol aqueous solution (5.07% w/w), and CS and 
SA concentration were 2% (w/w). The systems were characterized for mechanical properties, in 
term of viscosity and viscoelasticity, mechanical resistance and siringability. Moreover 
protection against hypoxic and oxidative stress was evaluated in vitro on fibroblasts and HUVEC 
(Human Umbelical Vein Endothelial Cells).  
 
Results. The formulation based on Me/CS was characterized by an increase of G’ value in the 
range of 31 e 36° according to the physiologic application. The formulation based on SA/CS was 
characterized by an increase of viscosity after contact with physiological concentration of Ca2+ 
ions. Both formulation were characterized by a good siringability at 25°C (administration 
temperature). Secretoma loaded SA and CS based formulation was able to induce cell 
proliferation after oxidative and hypoxic stress as much as the cell substrates not exposed to 
induced damages. Moreover if its proliferation properties were less than that of pure secretoma 
probably due to a controlled release of bioactive molecules.  
 
Conclusions. Even further evaluation are needed, on the basis of these results in situ gelling 
systems based on SA/CS seems promising for the intramural delivery of secretoma in the 
treatment of MI to prevent the apoptotic response and the consequent fibrosis. 
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Purpose. Hyaluronic acid (HA), a naturally occurring anionic polysaccharide, has attracted 
significant research attention for tumor-targeted delivery since it is biocompatible and non-
immunogenic , and can specifically bind CD44 and RHAMM receptors, which are overexpressed 
in many forms of cancer. Here we propose a novel method to promote a spontaneous 
arrangement of HA on the surface of irinotecan (IRIN)-loaded poly(lactic-co-glycolic acid) (PLGA) 
nanoparticles (NPs) through a modified single emulsion-solvent evaporation method. 
 
Methods. NPs were prepared and characterized in terms of morphology, size and zeta potential 
(ZP), differential scanning calorimetry, encapsulation efficiency and in vitro drug release. NP 
suspension stability was evaluated by measuring their size over time. Cellular uptake studies and 
cytotoxiticy assay were taken on breast cancer cell line, which overexpress CD44 (MCF-7) and 
healthy adipose mouse cells (L929).  
 
Results. The obtained NPs had a mean size of ~110-420 nm depending on HA/PLGA/poloxamer 
weight ratio. NP amphiphilicity allowed to obtain a IRIN encapsulation efficiency of 61.2% w/w. 
IRIN in vitro release kinetics were sustained up to 24 days with an initial phase controlled by 
diffusion and a second slower release governed by degradation. ZP was negative for all 
formulations, and decreased from approximately -23 to -50 mV when HA was added. 
Furthermore, the presence of HA in NP formulation promoted device stability for at least 10 days 
compared to NPs made up of PLGA alone, which immediately aggregate in water. Finally, thermal 
analysis revealed that in the NP formulations PLGA, poloxamer and HA act as independent 
entities and not as a polymeric blend. All these data suggested that PLGA constitutes NP bulk 
while HA is superficially exposed, with amphiphilic poloxamers acting as a bridge between the 
PLGA and HA. Finally, in cell culture studies, the tumor-targeting ligand HA enhances NP 
intracellular delivery of IRIN-loaded PLGA NPs in cell lines overexpressing the CD44 receptor. 
 
Conclusions. Here we propose a NP production method easy to scale up, being a single step 
process. By this method is possible to obtain HA-coated NPs for targeted drug delivery to a 
number of important types of CD44-overexpressing cancer cells.  
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Purpose. Silibinin (SLB) is a polyphenolic flavonoid derived from the seeds of the milk thistle 
plant, Silybum marianum. SLB is active against several carcinomas such as breast, lung, colon, 
brain, and also against prostate cancer. SLB also possesses significant anti-proliferative activity 
through the regulation of cell cycle, apoptosis induction, chemosensitization, growth inhibition, 
anti-inflammation, reversal of multi-drug resistance along with the inhibition of angiogenesis, 
tumor invasion and metastasis. Unfortunately, the pharmacological activity of SLB is severely 
restricted by its poor water solubility and oral bioavailability. Therefore, SLB encapsulation in 
nanoparticles (NPs) is a promising strategy for its improved delivery. The NPs were made up of 
an amphiphilic blend of poloxamers and poly(lactic-co-glycolic acid) (PLGA) so as to endow them 
with an hydrophilic surface to take advantage of the enhanced permeability and retention (EPR) 
effect. 
 
Methods. NPs were produced by nano-precipitation/solvent evaporation method and 
characterized in terms of size, zeta potential (ZP) and morphology. In vitro drug release studies 
were carried out by placing NPs in dialysis membranes in phosphate buffer solutions and 
quantifying the drug by spectrophotometric assay. NP stability was evaluated by measuring their 
size over time both in aqueous suspension at 4°C and cell culture medium at 37°C. To investigate 
on the drug-polymer interactions, thermal analyses were performed on SLB-loaded NPs by 
differential scanning calorimetry (DSC). 
 
Results. The obtained NPs were spherical, with a mean size of approximately 110 nm and, for all 
formulations, ZP ranged between -20 and -27 mV. Morphological, ZP and size analyses confirmed 
an effective, hydrophilic PEO coating on NP surface. SLB was effectively loaded into the 
produced NPs and in vitro release studies demonstrated NP ability to sustain the release of the 
drug. Results of thermal analyses evidenced the lack of chemical interaction between SLB and 
the polymers constituting the devices, thus indicating that SLB was only physically encapsulated. 
This indicates that the pharmacological potential of the drug is not affected both by the 
preparation technique and the loading in the nanodevices. 
 
Conclusions. Based on these promising results, we believe that the use of delivery strategies 
based on nanoparticles could promote the use of SLB in therapy. 
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Background. Cystic Fibrosis (CF) is characterized by a thick and sticky mucus-gel responsible for 
both airway obstruction and loss of pulmonary function as well as resistance to drug diffusion 
reducing the effective drug delivery to the lung. Studies on drug–mucus interaction may be a 
crucial step in therapeutic management of CF. 
 
Aim. In the present research, rheological measurements were performed in order to examine 
the rheological properties of human bronchial mucus obtained from CF patients. Moreover, the 
effect of saline solution containing a high concentration (100 mM) of sodium bicarbonate on 
sputum viscosity was evaluated. To understand the mechanisms that occur when inhaled micro- 
and nano-particles are deposited on the mucus and to check the ability of the drug to penetrate 
through CF mucus, dissolution and permeation properties of Ketoprofen lysinate (Klys) from a 
previously developed Dry Powder Inhaler were evaluated. 
 
Methods. Rheological measurements were performed using an ARES rotational rheometer 
(Rheometrics, Inc.) with a parallel plate geometry. The gel fraction, separated from the liquid 
phase by means of centrifugation, of various mucus samples from CF patients was loaded onto 
the plate. The elastic (G’) and the viscous (G’’) moduli, tan δ (ratio of G’’ to G’) and η* (complex 
viscosity) were evaluated as parameters frequency-dependent. The experiments were 
conducted on untreated sputum and on sputum treated with NaHCO3. Drug permeation across 
CF treated or untreated mucus from dry powders was studied by means of Franz-type vertical 
diffusion cells. 
 
Results. Rheological studies showed that the elastic modulus (G’) was always greater than the 
viscous modulus (G’’). Furthermore, viscosity decreased with increasing frequency, as for 
pseudo-plastic fluids and Tan δ values were sensibly less than 1 (G’>G’’), indicating an elastic 
behaviour higher than a viscous one. Preliminary results indicated that NaHCO3 caused a 
downward shift of both the elastic and viscous moduli, with a reduction in complex viscosity. As 
to drug permeation, the untreated sputum, expected to act as a physical barrier, slowed down 
drug dissolution and permeation compared to buffer permeability (control). Permeation studies 
across CF mucus treated with NaHCO3 showed higher Klys dissolution/permeation than 
untreated mucus. 
 
Conclusions. The interesting results confirm the previously reported NaHCO3 effectiveness in CF; 
this weak base seems to act decreasing high viscosity of the CF bronchial secretion and, 
potentially, resulting in better mucus clearance and in fighting pulmonary infections. 
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Purpose. Imiquimod (IMQ) is a tool-like receptor-7 agonist, approved for the treatment of actinic 
keratosis. The aim of this work was to develop a new formulation using microemulsion 
technology in order to increase IMQ skin retention and reduce the applied dose. 
 
Methods. Microemulsions preparation: Transcutol and oleic acid were mixed under magnetic 

stirring, then Tween 80 was added. The mixture was then diluted 
with water (Table 1). Excess of IMQ was added to the final 
formulation and left under stirring overnight then centrifuged and 
analyzed.  IMQ skin accumulation: experiments were performed at 
37°C using vertical diffusion cells. Porcine skin was used (full-
thickness and tape stripped (ts)). Different formulations were 
tested: Imunocare® at finite or infinite dose, saturated solutions in 
Transcutol, Tween 80, oleic acid, and saturated microemulsions. Cells 
were dismantled after 6h, skin was separated in epidermis and 

dermis and extracted overnight with a validated method. 
 
Results. IMQ accumulation from Imunocare® (5%w/w) (Fig 1) was not influenced neither by the 
dose nor by the presence of stratum corneum. The results obtained show that IMQ has a high 

solubility in oleic acid and from this 
vehicle skin retention is comparable 
to Imunocare®. The amounts of IMQ 
accumulated from microemulsions 
are higher than the ones recovered 
from the single excipients. In 
particular, the amount accumulated 
with ME2, despite the very low donor 
concentration, is comparable with 
the one obtained with Imunocare®. 
Higher amount were recovered from 

the application of ME1 and 3. 
 
Conclusions. IMQ is characterised by very poor skin penetration properties. Stratum corneum 
seems not to act as a barrier for IMQ accumulation. From the results obtained, microemulsions 
seem to be able to increase IMQ skin retention and can be evaluated as an alternative vehicles 
for IMQ dermal application. 
  

Table 1. Microemulsions 

composition  (%v/v) 

Fig 1. µg/cm2 accumulated in epidermis     and dermis     from different 

vehicles. 
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Purpose. The aim of the present work was the development of capsules based on pectin (PEC), 
chitosan glutamate low MW (CS) and hyaluronic acid (HA) for the delivery of Manuka honey 
(MH) components for the treatment of skin lesions. Two different fractions of MH were 
examined: one (Fr1), rich in methylglyoxal, the other (Fr2), rich in polyphenols.  
 
Methods. Capsules were obtained by dropping a CaCl2 (0.75% w/w) / CS mixture (500 µl) into an 
aqueous PEC/HA mixture (50 ml). Particles were filtered, freeze-dried and subsequently 
characterized for size, hydration and mechanical properties. The optimization of the formulation 
was supported by a DoE approach (Statgraphics 5.0, Statistical Graphics Corporation, Rockvillle, 
MD, USA). In a screening phase, the following factors were investigated at two levels: CS (0.5% - 
1% w/w), PEC (0.5% - 1% w/w) and HA (0.3% - 0.5% w/w). For the optimization phase a “central 
composite design” was used. The response variables considered were: particle size, buffer (PBS) 
absorption and mechanical resistance.  
In vitro cell proliferation properties of MH fractions were investigated on human fibroblasts. 
Capsules were loaded with the MH fraction having the highest cell proliferation properties and 
characterized for loading capacity by a HPLC assay. Cell proliferation induced by unloaded and 
loaded particles was also evaluated.  
 
Results. MH Fr1 was able to improve cell proliferation in comparison with Fr2. Capsules showed 
a Fr1 loading capacity close to the theoretical one. The loading of Fr1 did not modify the 
technological properties of capsules and produced an increase in cell proliferation with respect 
to the unloaded ones.  
 
Conclusions. Capsules developed were able to absorb wound exudate and to load and release 
MH Fr1. The results obtained from in vitro proliferation test indicate that capsules loaded with 
MH Fr1 constitute a promising formulation for the treatment of skin ulcers. 
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Purpose. The present work describes the in vitro evaluation of mucoadhesive properties of 
thermoresponsive systems containing poloxamer 407 (P407) and Carbopol 974P (C974P) or 
polycarbophil (PCP), to be used as platform of new drug delivery systems.  
 
Methods. Ten binary polymeric systems were prepared containing P407 (15 or 20%, w/w) and 
C974P or PCP (0.10, 0.15, 0.20, 0.25 or 0.50% w/w). The mucoadhesive strength of the 
formulations was evaluated by measuring the force required to detach the formulation from a 
mucin disc using a TA-TX2plus Texture Analyser (Stable Micro Systems, Surrey, UK) in tension 
mode. Samples of each formulation stored at 37 °C, were placed under the analytical probe which 
was then lowered until the mucin disc was in contact with the surface of the sample. The force 
required to detach the mucin disc from the surface if each formulation was determined from the 
resulting force-time plot. The results were statistically evaluated by one-way ANOVA and p< 0.05 
was taken to denote significance.  
 
Results. The effects of the increase of P407 and C974P or PCP concentrations were significant 
on the mucoadhesive strength of the preparations. Increasing the content of P407 increased the 
mucoadhesive property. However, increasing the content of bioadhesive polymers (C974P and 
PCP) decreased the force required to detach the mucin disc from the surface of each 
formulation. The polymeric blends containing P407 and C974P showed higher mucoadhesive 
strength than the polymeric systems containing P407 and PCP.  
 
Conclusions. The results indicate that the formulations containing higher P407 concentration 
presented increased mucoadhesive strength. Besides, the polymeric systems containing lower 
concentration of C974P and PCP showed higher mucoadhesive force probably due to the 
consistency of formulations interfere with the method as well as, the interaction between the 
bioadhesive and thermorresponsive polymers. 
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