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NANOMEDICINE VITERBO 2016 Program 

 

Wednesday, 21 September   

 

09.00 Registration  

10.00 Opening Ceremony 

Walter Ricciardi - President of  Istituto Superiore di Sanità 

Tullio Pozzan - Direttore del Dipartimento Scienze Biomediche – CNR 

Alessandro Ruggieri   - Chancellor of Tuscia University 

 

Chairpersons: Paola Luciani, Gert Storm 
 

Invited lectures 

10.20 Y. Barenholz  

“Doxil
®
, the First FDA Approved Nano-Drug:  New Lessons Learned (from physical-chemistry and 

nanotechnology through metabolomics and tumor micro-environment to the clinics)” 
 

10.50 F. Ricci  

“Nature-inspired DNA-based nanodevices for diagnostic and drug-delivery applications” 
 

11.20 Coffee break  
 

Selected lectures 

11.40 L. Motiei  

“Communicating with fluorescent molecular sensors in biological environments” 
 

12.00 D. Alberti  

“Dual therapeutic agents to improve the effect of Boron Neutron Capture Therapy on cancer cells.” 
 

12.20 E. Papini  

“The capture of PEG and POZ NPs by monocytes/macrophages in serum is mediated by complement 

activation” 
 

Industry report 

12.40 A. Pigozzo  

“Microcalorimetry of Nanoparticles: a ground-breaking approach for drug delivery platforms design” 
 

13.00 Lunch and Poster session 
 

Chairpersons: Yechezkel Barenholz, Francesco Ricci 
 

Invited lecture 

14.30 D. Maysinger  

“Impact of nanomedicines on neurons and glia”  
 

Selected lectures 

15.00 A. Clementino  

“Nanoparticles for an innovative administration of statins” 
 

15.20 J. W. Trzcinski  

“Bionanoparticles: versatile platforms for nanomedicine” 
 

15.40 S. Castellani  

“Safety and uptake of solid lipid nanoparticles by airway epithelial cells: an in vitro study”  
 

16.00 K. Turjeman 

“Liposome-based steroidal nano-drugs for the treatment of inflammatory diseases: from basic to the 

clinics”  
 

16.20 Poster session and Coffee break 

 
 



 

Program NANOMEDICINE VITERBO 2016 

 

Thursday, 22 September   

 

Chairpersons: Giovanna Mancini, Vladimir P. Torchilin 
 

Invited lecture 

09.00 P. Luciani  

“Design of a Ratiometric Fluorescent Probe for Specific Detection of Extracellular Reactive Oxygen 

Species” 
 

Selected lectures 

9.30 A. Mazzaglia  

“Nanoassemblies based on folate-tailored amphiphilic cyclodextrin/pheophorbide complexes for targeted 

PDT” 
 

9.50 C. Ferroni  

“Near-infrared photoactivable poly-methylmethacrylate core-shell fluorescent nanoparticles” 
 

10.10 M. Comes Franchini  

“Nano-heaters for cancer therapy: a comparison between gold nanorods and magnesium nanoparticles” 
 

10.30 G. Varchi  

“Keratin-based nanoparticles: novel tools for drug delivery” 
 

10.50  Coffee break 
 

Chairpersons: Sophia G. Antimisiaris, Thomas J. Webster 
 

Invited lecture 

11.10 E. Segal  

“Porous silicon nanostructure for cancer therapy and diagnostics” 
 

Selected lectures 

11.40 M. Capozza  

“In vitro and in vivo characterization of new nano-sized diagnostic probes for Photoacoustic Imaging” 
 

12.00  L. Tei  

“ICG-loaded Mesoporous Silica Nanoparticles as photoacoustic contrast agents” 
 

12.20 V. Maggi  

“Cyclic RGD functionalized PEGylated gold nanoparticles for tumor targeting” 
 

12.40 S. Lai 

“Organic-inorganic coated Gold Nanorods for biomedical applications” 
 

13.00  Lunch and Poster session 
 

Chairpersons: Luigi Ambrosio, Dusica Maysinger 
 

Invited lectures 

14.30 G. Storm  

“Liposomal anti-inflammatory treatment in atherosclerotic disease” 
 

15.00 T. J. Webster  

“15 years of commercializing nanomedicine into real medical products” 
 

Selected lectures (special session on design and preparation - 15min talk) 

15.30 A. S. Rodrigues  

“Smart Hybrid Nanocontainers for Theranostic Applications” 
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15.45 L. Chronopoulou  

“Biosynthesis of injectable gelling peptides for applications in bone tissue regeneration”  
 

16.00  S. Villa  

“Promising applications of multifunctional magnetic nanoparticles in biomedicine” 
 

16.15 F. Novelli  

“Self-assembling octapeptide-polymer conjugate to be used as drug carriers” 
  

16.30 T. Ribeiro  

“Small mesoporous silica nanoparticles for nanomedicine” 
 

16.45  Poster session and Happy hour 

 

Social Dinner (poster prizes) 

 

 

Friday, 23 September   

 

Chairpersons: Agnese Molinari, Ester Segal 

 

Invited lecture 

09.00 L. Ambrosio  

“Multifunctional templates and advanced technologies for tissue regeneration” 

 

Selected lectures 

9.30 S. M. Dozio  

“3D Cell Cultures in Porous Scaffolds with Oriented Microtubules Designed for Dental Regeneration” 
  

9.50 V. Laghezza Masci  

“Ultrastructural investigation of different collagen-based scaffolds and their in vitro interactions” 
   

10.10 S. Centi  

“Development of cellular vehicles for delivery of gold nanorods to tumors” 

  

10.30 Coffee break  

 

Invited lectures 

10.50 S. Antimisiaris  

“Targeting the brain with liposomes or exosomes: What can each systems learn from the other?” 
 

11.20 V.P. Torchilin  

“Stimuli-sensitive combination nanopreparations for cancer” 

 

Selected lectures 

11.50 Y. Yamakoshi  

“LDL for targeted delivery of MRI-CA to atherosclerosis” 
  

12.10 P. Oliva  

“Ex vivo plaque permeability evaluation in ApoE(-/-) mice using fluorescent blood pool agents” 

   

12.30 Flash presentations of awarded posters 

 

12.50  Closing remarks and Lunch 
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NANOMEDICINE VITERBO 2016 IL 1 

 

Doxil
®
, the First FDA Approved Nano-Drug:  New Lessons Learned 

(from physical-chemistry and nanotechnology through metabolomics and 

tumor micro-environment to the clinics) 

Yechezkel (chezy) Barenholz 

Department of Biochemistry and Molecular Biology, IMRIC, Hebrew University-Hadassah Medical 

School, Jerusalem, Israel. 

Email of presenting author: chezyb1@gmail.com 

Nano-drugs such as Doxil
®
 are superior to the same APIs when used conventionally  “as-is”. However 

it is clear that nano-drugs did not meet their  high expectations.  Doxil
®
  the first FDA approved nano-

drug in wide clinical use (>600,000 patient treated) sine 1996 shows much superior plasma 

pharmacokinetics over the API administered as-is. Doxil take advantage the tumor “Achilles’ heel”  the 

EPR effect.  It resulting in passive targeting to tumors, which does not occur for the API administered in 

the conventional way.  EPR effect was firstly demonstrated in cancer patients in the first Doxil clinical 

trial performed by us in Jerusalem (1991-1993, Gabizon and Barenholz, Cancer Res, 1994). EPR effect 

has a large impact on tumor physics, thus on nano-drug performance.  While tumor EPR effect can be 

used to improve tumor therapy its clinical significance is still controversial.  Numerous studies with 

various nano-drugs performed during the last 25 years clearly demonstrate that even though this passive 

targeting reduces (some-times even dramatically), the cardiotoxicity and other side effects, these are not 

sufficient to provide a ” quantum leap”  in the improvement of the therapeutic efficacy. Today we 

understand that the main reasons for these deficiencies are lack in considering sufficiently the obstacles 

imposed by the tumor micro-environment, especially the effect of the chaotic extracellular matrix in 

suppressing convection flow and contributing to the high tumor interstitial fluid pressure. These reduce 

intra-tumor distribution of the nano-drugs and its released API. Another so far ignored factor is the poor 

rate of API release at the tumor, reducing availability of the API to the tumor cells. “Out of the Box” 

approaches are required to overcome these obstacles in order to meet the high expectation from the 

performance of nano-drugs. My presentation will focus on pegylated liposomal doxorubicin (PLD) 

including Doxil.  

We hypothesize and demonstrate that by improving the cross talk between the unique tumor 

microenvironment, interstitial fluid and metabolomics on one hand and the better physico-chemical  

characterization of the nano-drugs, we can improve the therapeutic efficacy of nano-drug anti-tumor 

therapy. We demonstrate that changing tumor micro-environment by radiofrequency (RF), or high 

intensity focused ultrasound (HIFU) we can effectively re-modulate the tumor microenvironment 

concomitantly enhancing nano-drug accumulation and API release at the tumor, leading to a 

significantly improved therapeutic efficacy. In addition we identified low molecular weight factors 

unique to tumor metabolism which seems to be a major factor in doxorubicin release of Doxil at the 

tumor interstitial fluid. This factor the ammonia which results of tumor specific glutaminolysis is 

lacking in the patient plasma. This selectivity in drug release between plasma and tumor explains the 

much faster drug release in the tumor than in the plasma explains reduction in Doxil toxicity without 

compromising therapeutic efficacy. Our studies give hope that it is possible to improve the performance 

of the anti-cancer nano-drugs to the level that will meet the expectation from nano-medicine.  
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Nature-inspired DNA nanodevices for sensing and drug-delivery 

applications 

Francesco Ricci 

Department of Chemistry, University of Rome, Tor Vergata, Rome, Italy. 

Email of presenting author: francesco.ricci@uniroma2.it 

Nature has invented a number of tricks and strategies by which the behavior of proteins and other 

biomolecular machines can be finely controlled. These highly optimized and evolved mechanisms allow 

to control biological pathways with different chemical and environmental stimuli and are at the basis of 

the high specificity and selectivity of biomolecular machines.  

Motivated by the above arguments we have developed several DNA-based nanodevices for diagnostic 

and drug-delivery applications that mimic and exploit in-vitro naturally occurring recognition 

mechanisms. More specifically we have rationally designed different DNA-based nanodevices that, by 

taking inspiration from Nature, can be finely controlled by conformational change or allosteric 

strategies. This allows to modulate the activity of our DNA-based nanodevices in an extremely 

controlled way.  

Moreover, we have also reported new recognition mechanisms that allow to control our DNA-based 

nanodevices with different chemical and environmental stimuli that include pH, antibodies, enzymes 

and small molecules.  

An overview of the most representative and recent examples developed in our lab in the above research 

directions and a brief presentation of the new routes and possibilities that these results offer will be 

presented.  
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Impact of nanomedicines on neurons and glia  

Dusica Maysinger,
a
 Issan Zhang,

a
 Jeff Ji,

a
 Rainer Haag,

b
 Gerhard Multhaup,

a
 Anne McKinney 

a
 

a 
Department of Pharmacology and Therapeutics, McGill University, 3655 Promenade Sir William 

Osler, H3G 1Y6 Montreal, Canada; 
b 
Institute of Chemistry and Biochemistry, Freie Universität Berlin, 

Takustr. 3, 14195 Berlin, Germany. 

Email of presenting author: dusica.maysinger@mcgill.ca 

Nanomedicines can impact both glia and neurons. In the central nervous system (CNS), neurons 

represent only a small proportion (about 10%) of cells, whereas glial cells are the most predominant cell 

type. Non-targeted nanomedicines are mainly internalized by glia, in particular microglia, and to a 

lesser extent by astrocytes. Internalized nanomedicines by glia indirectly modify the functional status of 

neurons. The mechanisms of biochemical, morphological and functional changes of neural cells 

exposed to nanomedicines are still not well understood. Certain classes of nanomedicines can 

profoundly alter the morphology and function of post-synaptic excitatory synapses and dendritic spines 

in the hippocampus. Effects of the pro-inflammogen lipopolysaccharide (LPS) and artificial dendritic 

structures on hippocampal dendritic spines and neighboring microglia will be shown and discussed in 

the light of neuroprotection and neural repair. We have investigated how the size, composition and 

surface properties of nanoparticles activate microglia, and how we can take the advantage of the 

phagocytic properties of these glial cells to benefit neural cell functions. Some agglomerated 

nanoparticles can over-activate microglia, leading to the release of pro-inflammatory cytokines and the 

initiation or propagation of neurodegenerative processes. Microglia homeostasis is critically important 

for normal brain functions and examples in this presentation will show how nanostructures can be 

exploited to “calm” the hyperactive microglia or stimulate those with deficient activity.  

 

 

 

Figure 1. Impact of nanomedicines on glia and neurons. A. Nanoparticles (NP), Abeta and LPS can 

activate microglia and cause organellar remodeling. B. Hyperactive microglia adversely affect neurons. 

Some dendrimers can normalize LPS-induced abnormalities in both neurons and microglia, and maintain 

synaptic structures in organotypic hippocampal cultures.  

 

 

 

 

Acknowledgments: The authors acknowledge financial support from Canadian Institutes for Health 

Research (CIHR) and Natural Sciences and Engineering Research, Canada (NSERC).   
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Design of a Ratiometric Fluorescent Probe for Specific Detection of 

Extracellular Reactive Oxygen Species 

Diana Andina,
a
 Davide Brambilla,

a
 Jean-Christophe Leroux,

a
 Paola Luciani 

a,b
 

a
 Institute of Pharmaceutical Sciences, ETH Zurich, Switzerland; 

b
 Institute of Pharmacy, Friedrich 

Schiller University, Lessingstrasse 8, 07743, Jena, Germany. 

Email of presenting author: paola.luciani@uni-jena.de 

Reactive oxygen species (ROS) are released during the oxidative burst, which is a first line defense 

mechanism of neutrophils during intestinal inflammation. The specific detection of the extracellular 

radicals has, however, remained a challenge. A diagnostic tool to monitor ROS-rich areas quantitatively 

and selectively might help to understand the progress of inflammation and evaluate the efficacy of 

antioxidant therapies. Thus, a new ratiometric fluorescent probe to detect extracellular ROS was 

designed. 

The contrast agent consists of a ROS-sensitive dye connected to a negatively charged PEG-polyamino 

acid-peptide nucleic acid (PNA) and a ROS-insensitive dye coupled to the complementary PNA strand 

(Figure 1). Hydrocyanines were shown to selectively detect superoxide and hydroxyl radicals
1
 and, 

therefore, were used in this project as ROS sensitive probe. The ROS-insensitive dye (Chromis dye 

series, Cyanagen) allows to calibrate the system and to trace the probe even when in a ROS-free 

environment. Hybridization of the two labelled complementary strand yielded a ratiometric fluorescent 

probe specifically responsive to ROS in cell-free assays as well as in a stimulated colon carcinoma cell 

line. 

 

 

 
Figure 1. A hydrocyanine-spacer-PNA is hybridized with a ROS-insensitive dye connected to the 

complementary PNA strand. 

 

 

 

 

 

 

 

 

 

 

 

1. K. Kundu, S. F. Knight, N. Willett, S. Lee, W. R. Taylor, N. Murthy, Angew. Chem.-Int. Edit. 

2009, 48, 299. 
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Porous silicon nanostructures for cancer therapy and diagnostics  

Ester Segal, Adi Tzur Balter, Sofia Arshavsky-Graham
 
 

Department of Biotechnology and Food Engineering, Technion – Israel Institute of Technology, 

Technion City, 32000, Haifa, Israel. 

Email of presenting author: esegal@technion.ac.il 

Nanostructured porous silicon (PSi) is a promising biomaterial for nanomedicine in general and cancer 

nanomedicine in particular. PSi offers a unique combination of properties, including large surface area 

and porous volume, biocompatibility, degradability in vivo into non-toxic silicic acid species, as well as 

its wealth of intrinsic optical properties. These properties together with the ability to tailor the PSi 

nanostructure and surface characteristics have led to an immense research effort directed at the 

development of PSi-based platforms for biomedical applications (1).  

Although PSi degradation largely determines the release of embedded drugs, its erosion profile under 

pathological states that are of clinical relevance was not established. Understanding the factors affecting 

PSi degradation in vivo is critical to facilitate its development and clinical application as a drug carrier. 

Our work provides the first mechanistic study that examines the potential impact of tissue 

microenvironment on PSi degradation (2). We show that 

PSi particles, which are increasingly used to deliver 

chemotherapeutics, undergo enhanced degradation in 

cancerous environments compared with healthy 

environments. The particles in vivo degradation kinetics 

is determined by their continuous optical tracking in a 

breast cancer murine model, while tumor state is 

monitored simultaneously, as shown in Figure 1.  

We confirm that upregulation of reactive oxygen species 

(ROS) in the tumor vicinity oxidizes the silicon 

nanostructure and catalyzes its degradation. PSi 

degradation profiles in vitro and in vivo correlates in 

healthy and diseased states when ROS-free or ROS-

containing media are used in vitro, respectively. Thus, 

this work demonstrates that material performance is 

contextual and hence should be studied in light of the 

relevant intended clinical use.  

The approach presented is generic and could be adapted 

for any material and clinical scenario to attain predictive 

performance. Yet, specific clinical scenarios may 

require further material optimization but would facilitate 

successful clinical outcome and translation of new 

materials to the clinic. 

 

 

 

 

 

 

 

 

1. A. Tzur-Balter, G. Shtenberg, E. Segal, Reviews in Chemical Engineering, 2015, 31, 193. 

2. A. Tzur-Balter, Z. Shatsberg, M. Beckerman, E. Segal, N. Artzi,. Nat Commun, 2015, 6. 
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Figure 1. PSi particles (labeled with a 

fluorophore) are monitored in vitro and 

noninvasively in vivo, by tracking the changes 

in fluorescence intensity with time.  
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Liposomal anti-inflammatory treatment in atherosclerotic disease 

Gert Storm,
a,b

 Josbert M. Metselaar,
b
 Mark E. Lobatto,

c,d
 Zahi A. Fayad,

c
 Erik S.G. Stroes,

d
 Willem J.M. 

Mulder 
c,d

 

a
 Department of Pharmaceutics, Utrecht Institute for Pharmaceutical Sciences (UIPS), 

Utrecht,Universiteitsweg 99, 3584 CG Utrecht, The Netherlands; 
b
 Department of Targeted 

Therapeutics, MIRA Institute, University of Twente, The Netherlands; 
c
 Translational and Molecular 

Imaging Institute, Icahn school of Medicine at Mount Sinai, New York; 
d
 Department Vascular 

Medicine, Academic Medical Center, Amsterdam, The Netherlands.  

Email of presenting author: g.storm@uu.nl 

Atherosclerosis, the final common pathway underlying cardiovascular disease (CVD), is a 

predominantly lipid-driven inflammatory disease affecting the arterial wall/ Lipid lowering strategies, 

mainly statins, have shown to reduce the cardiovascular (CV) event risk by 25%, though a large residual 

CV-risk remains unaddressed. Complementing statins with other lipid-modulating agents, such as 

cholesteryl-ester transfer protein (CETP) inhibitors, nicotinic acid derivatives and fibrates, has failed to 

further reduce this residual risk. In line with the insight that atherosclerosis is a low-grade inflammatory 

disease, anti-inflammatory agents have emerged as additional therapeutic strategies. A major hurdle 

prior to clinical implementation is to select compounds that combine a robust anti-inflammatory effect 

with the absence of an effect on systemic immune protection.  
 

Targeted drug delivery to plaques via nanomedicine offers a novel paradigm to circumvent the 

systemic, adverse effects of anti-inflammatory agents by combining enhanced drug accumulation within 

the arterial plaque with decreased systemic exposure. The accumulation of  nanoparticles exploiting 

permeable microvasculature within arterial plaques has been demonstrated to occur in animal models of 

advanced atherosclerotic lesions. To date, however, this opportunity has been unexplored in patients at 

increased CV-risk due to atherosclerosis. Glucocorticoids (GC) are amongst the most commonly 

prescribed anti-inflammatory agents in the treatment of inflammatory disorders. Whereas these anti-

inflammatory effects should have a beneficial impact in CV-patients, the adverse effect of GC on 

glycaemic control, blood pressure and lipids has been suggested to increase the CV risk. However, the 

relation between GC and CVD is still at equipoise. Nanomedicinal formulations of GC can be expected 

to minimize the systemic adverse effects, while exerting a local anti-inflammatory action within the 

atherosclerotic lesion. In support, we recently substantiated a potent, anti-atherosclerotic effect of 

liposomal prednisolone (LN-PLP) in an atherosclerotic rabbit model, which was evaluated with novel 

non-invasive clinical imaging methods.  
 

This lecture will report on the development of GMP-grade  LN-PLP. Preclinical pharmacokinetics and 

anti-inflammatory effects on the vessel wall of atherosclerotic rabbits will be shown. Subsequently, the 

pharmacokinetics of LN-PLP in humans, and the targeting of intravenously administered LN-PLP  to 

plaque macrophages in patients with symptomatic peripheral artery disease will be discussed.  
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Stimuli-sensitive combination nanopreparations for cancer 

Vladimir Torchilin 

Center for Pharmaceutical Biotechnology and Nanomedicine, Northeastern University, 360 Huntington 

Avenue, 02125 Boston, MA, USA. 

Email of presenting author: v.torchilin@neu.edu 

Tumor therapy of multidrug resistant cancers could be significantly enhanced by using siRNA down-

regulating the production of proteins involved in cancer cell resistance, such as Pgp or survivin. Even 

better response is achieved if such siRNA could be delivered to tumors together with chemotherapeutic 

agent. This task is complicated by low stability of siRNA in biological surrounding. Thus, the delivery 

system should simultaneously protect siRNA from degradation. We have developed several types of 

lipidic systems based on PEG-phospholipid or PEI-phospholipid conjugates, which are biologically 

inert, demonstrate prolonged circulation in the blood and can firmly bind non-modified or reversibly-

modified siRNA. Additionally, these nanopreparations can be loaded into their lipidic core with poorly 

water soluble chemotherapeutic agents, such as paclitaxel or camptothecin. In experiments with cancer 

cells monolayers, 3D spheroids and animals, it was shown that such preparations can significantly 

down-regulate target proteins in cancer cells, enhance drug activity, and reverse multidrug resistance.  

To specifically unload such nanopreparations inside tumors, those can be designed sensitive to local 

tumor-specific stimuli. Using pH-, hypoxia-, or MMP2-sensitive bonds between different components 

of nanopreparations co-loaded with siRNA and drugs, one is able to specifically deliver biologically 

active agents in tumors, inside tumor cells, or even to individual cell organelles providing improved 

therapeutic response.   

Intracellular drug delivery also opens new opportunities in overcoming MDR. The use of cell-

penetrating peptides (CPP, such as TAT peptide) and combinations of CPP with targeting ligands within 

the same nanopreparation allows for effective intracellular delivery of pharmaceuticals into target cells. 

Intracellular drug delivery via the mechanism of an endosomal escape can also be achieved by using 

target-specific phage coat proteins as targeting ligands for nanopreparations. 

Specific targeting of individual cell organelles responsible for the initiating apoptosis in cancer cells 

including MDR cells opens new opportunities for treating MDR tumors. Examples of specific targeting 

of lysosomes and mitochondria in cancer cells with chemotherapeutic agents illustrate the benefits of 

this new approach. 

 

 

 

 

 

 
1. E.Koren, V.P.Torchilin, Trends Mol. Med., 2012, 18, 385. 

2. L.Zhu, V.P.Torchilin, Integr. Biol., 2012, 5, 96. 

3. S.Biswas, N.S.Dodwadkar, P.P.Deshpande, V.P.Torchilin, J. Control. Release, 2012, 159, 393.  

4. A.Koshkaryev, A.Piroyan, V.P.Torchilin, Cancer Biol. Ther., 2012, 13, 50. 

5. L.Zhu, T.Wang, F.Perche, A.Taigind, V.P.Torchilin, Proc. Natl. Acad. Sci. USA, 2013, 100, 

17047. 

6. F.Perche, S.Biswas, T.Wang, L.Zhu, V.P.Torchilin, Angew. Chemie, 2014, 53, 3362. 

7. L.Zhu, F.Perche, T.Wang, V.P.Torchilin, Biomaterials, 2014, 35, 4213. 

8. G.Salzano, G.Navarro, M.S.Trivedi, G.De Rosa, V.P.Torchilin, Mol. Cancer Ther., 2015, 14, 

1075. 

9. G.Salzano, D.F.Costa, V.P.Torchilin, Curr. Phar. Des., 2015, 12, 4566. 

10. F.Perche, S.Biswas, N.R.Patel, V.P.Torchilin, Methods Mol. Biol., 2016, 1372, 139. 
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Multifunctional templates and advanced technologies for tissue 

regeneration 

Luigi Ambrosio, Roberto De Santis, Antonio Gloria, Vincenzo Guarino, Maria Grazia Raucci 

Institute of Polymers, Composites & Biomaterials and Department of Chemical Sciences & Materials 

Technology, National Research Council of Italy, P.le Aldo Moro, 7 - 00185 Rome, Italy.  

Email of presenting author: luigi.ambrosio@cnr.it. 

In tissue regeneration it is growing the interest of alternative routes to synthesize/process instructive 

biomaterials with biologically recognized functionalities. A large variety of processes and tools are 

currently investigated to develop engineered scaffolds able to provide an active support matrix to 

reproduce “in vitro” all the main functionalities exerted “in vivo” by health or pathological tissues 

microenvironment. Among them, Electrofluidodynamic techniques (EFDTs) and 3D Printing are 

emerging as highly flexible and low-cost processes to  manipulate biomaterials to design 3D ECM-like 

platforms for tissue repair/regeneration processes. 

By a rational selection of polymer solution properties and process conditions, EFDTs allow producing 

fibres and/or particles at micro and/or sub-micrometric size scale which may be variously assembled by 

tailored experimental setups, to generate a plethora of different 3D devices including specific 

topological (i.e,. surface roughness) or biochemical signals in the form of biopolymers (i.e, proteins, 

polysaccharides) and/or active molecules (e.g., drugs, growth factors) for different applications. 

Electrospinning may be successfully used to design temporary extracellular matrix (ECM) analogue 

able to support in vitro cell proliferation/differentiation for tissue  regeneration. The process of synthetic 

- i.e, PCL– and natural polymers - i.e, Gelatin - allows to develop bicomponent electrospun scaffolds 

with improved bioactivity, able to guide regeneration processes in the skeletal system (i.e., bone, nerve, 

skeletal muscle). In this perspective, EFDTs have been properly used to design more complex platforms 

for molecular delivery by combining mono- or bi-component fibres with loaded nanoparticles produced 

via additive electrospraying (AES). 

3D Printing, utilizing biomaterials, cells, proteins, and/or other biological compounds as basic building 

blocks to fabricate 3D structures or in vitro biological models encompasses a broad application to 

tissue-engineered substitutes for regenerative medicine. Here, will report some advances, covering from 

bio-modeling and computer-aided tissue engineering to design and fabrication of 3-dimensional tissue 

scaffolds for bone tissue engineering. 

A 3D rapid prototyped magnetic scaffold made by poly(ε-caprolactone)/iron-doped hydroxyapatite 

(PCL/FeHA) 80/20 w/w is proposed to provide a morphologically controlled and tailored structure with 

interconnected pores of specific scale, and the possibility to magnetically "switch-on/switch-off" to 

stimulate cell adhesion, proliferation and differentiation. 

 

 

 

1. V. Guarino, A. Gloria, M.G. Raucci, R. De Santis, L. Ambrosio, Intern. Mat Rev 2012, 57 (5), 

256. 

2. V. Guarino, V. Cirillo, R. Altobelli, L. Ambrosio, Expert Review of Medical Devices 2014, 12, 

113. 
 

 

Acknowledgments: Financial support by projects: MERIT, MIUR-RBNE08HM7T-001, NEWTON 

(FIRB-RBAP11BYNP), REPAIR (PON01-02342), MAGISTER – FP7-NMP3-LA-2008-214685 and 
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Exosomes and liposomes have many similarities since they are both vesicles composed of phospholipid 

membrane bilayers. Their complementarities in terms of the advantages and disadvantages of each 

system as drug delivery systems (DDSs) can be explored with the aim to produce superior systems for 

drug targeting. In view of the recent findings on the organotropism of exosomes towards specific cell 

types, research to exploit exosome organotropism for drug targeting applications has been initiated. 

Herein we try to apply liposome engineering technologies to overcome particular problems encountered 

when trying to use exosomes for drug delivery and targeting applications. In this context, we have 

initiated studies to produce cellular vesicles (due to the low yield of exosome production from cells), 

loaded with fluorescent labels, and evaluate their physicochemical properties, stability and capability to 

taken up by autologous and other cell types. 

After confirming that it is possible to use liposome-engineering methodologies to produce cellular 

vesicles as DDSs, we have studied the brain targeting capability of three different types of vesicles 

produced from different cell types. The hcMEC/D3 cellular model of the BBB was used and the uptake-

by and permeability-across cells or monolayers, respectively, was measured. Interestingly, the BBB 

targeting capability of some of the cellular vesicle DDSs is similar or even better compared to recently 

developed targeted nanoliposomes, which were evaluated under identical experimental conditions.
1-3

 

Concluding the use of exosomes for development of DDS seems to be an interesting concept that should 

be further explored in the near future. 
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There is an acute shortage of organs due to disease, trauma, congenital defects, and most importantly, 

age related maladies. The synthetic materials used in tissue engineering applications today are typically 

composed of millimeter or micron sized particles and/or fiber dimensions. Although human cells are on 

the micron scale, their individual components, e.g. proteins, are composed of nanometer features. By 

modifying only the nanofeatures on material surfaces without changing surface chemistry, it is possible 

to increase tissue growth of any human tissue by controlling the endogenous adsorption of adhesive 

proteins onto the material surface. In addition, our group has shown that these same nanofeatures and 

nano-modifications can reduce bacterial growth without using antibiotics, which may further accelerate 

the growth of antibiotic resistant microbes. Inflammation can also be decreased through the use of 

nanomaterials. Finally, nanomedicine has been shown to stimulate the growth and differentiation of 

stem cells, which may someday be used to treat incurable disorders, such as neural damage.  This 

strategy also accelerates USA FDA approval and commercialization efforts since new chemistries are 

not proposed, rather chemistries already approved by the FDA with altered nanoscale features. This 

invited talk will highlight some of the advancements and emphasize current nanomaterials approved by 

the USA FDA for human implantation.  

 

 

22 
 



 

NANOMEDICINE VITERBO 2016 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Selected Lectures 

23 
 



 

 

 

 

 



 

NANOMEDICINE VITERBO 2016 SL 1 

 

Communicating with fluorescent molecular sensors in  

biological environments 

Leila Motiei, David Margulies 

Department of Organic Chemistry, Weizmann Institute of Science, 7610001, Rehovot, Israel.
 

Email of presenting author: leila.motiei@weizmann.ac.il 

Fluorescent molecular sensors have become valuable tools in the analytical biosciences owing to their 

high sensitivity and their ability to track proteins in their native environment. A major limitation in 

using these probes, however, is the lack of a general and easily applicable method for providing them 

with high selectivity and high signal-to-noise ratios. In addition, many of these sensors are designed 

according to the "lock and key" paradigm; therefore, they cannot be used to analyze biomolecule 

combinations. 

In our group, we aim to address these problems by developing novel classes of fluorescent molecular 

sensors.
1-3

 I present our recent development of fluorescent switches that light up in the presence of 

specific protein biomarkers, as well as probes that can shed light on analyte combinations in biofluids. 

In addition, the design of a sensory system that utilizes both specific and non-specific interactions for 

distinguishing between protein isoforms will be discussed. 
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Boron Neutron Capture Therapy (BNCT) is a non-conventional radiotherapy that combines low energy 

neutron irradiation with the presence of boron-containing compound at the targeted cells. Neutrons are 

captured by nonradioactive isotope 
10

B that disintegrates into alpha particles and lithium nuclei that 

cause non reparable damage to the cell where they were generated. Unfortunately, a large majority of 

chemotherapeutic protocols and radiotherapies can considerably reduce tumour masses, they often fail 

in causing their complete regression as shown by a high number of tumour recurrence cases. Moreover, 

the time-dependent development of chemoresistance and radioresistance by a minor cell population 

within the tumour and the nonspecific toxicity toward normal cells are the other major limitations of 

standard therapies. For these reason, in recent years, much attention has been devoted to the use of 

combinations of different therapeutic modalities to treat cancer. Exploiting this approach, BNCT has 

been used as therapy strategy combined with 1) the anti-cancer activity of curcumin and  2) the 

inhibition of carbonic anhidrase IX (CAIX) enzyme. In the first study the curcumin boron complex 

Rubrucurcumin
1
 was loaded in folate-targeted Polylactic-co-glycolic acid nanoparticles with an 

amphiphilic Gd based MRI contrast agent (Gd-DOTAMA). The co-incorporation of Gd-DOTAMA 

allowed to measure indirectly the boron concentration at the target site by MRI. The measurement of 

local boron concentration is crucial to determine the optimal neutron irradiation time, to calculate the 

delivered radiation dose and to evaluate the toxicity of the treatment by determining differences in 

boron concentration between tumor and healthy tissues. PLGA nanoparticles are targeted to ovarian 

cancer cells (IGROV-1), by including in the formulation a pegylated phospholipid functionalized with 

the folate moiety. NCT is performed on IGROV-1 cells internalizing 6.4 and 160 ppm of 
10

B and 
157

Gd, 

respectively. In the second study, carboranes (10 boron atoms) functionalized with sulfonamides
2
 have 

been used as CAIX inhibitors on breast and mesothelioma tumor cell lines. Carbonic anhydrase IX 

(CAIX) is a hypoxia-inducible enzyme that is overexpressed by cancer cells and plays an important role 

in tumour acid-base homeostasis by promoting cancer cell survival in hypoxic microenvironment. 

Recently, a relationship between CA overexpression and tumour cells resistance to chemio or radio 

therapy has been evidenced and novel antitumour therapies based on the use of CAIX inhibitors derived 

from acetazolamide, ethoxzolamide, sulfanilamide are under study in clinical. In this study, the CAIX 

inhibition properties were combined with BNCT and their synergic effect has been evaluated with 

respect to BNCT used alone. 
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Rapid clearance by RES and pro-inflammatory effects are major problems in nanotheranostics 

developments. Interacting host proteins in plasma (or protein corona) may favor or hamper  

macrophages capture of nanoparticles (NPs) [1]. NP-mediated complement activation may also 

contribute to proinflammatory and infusion-related reactions [2]. NPs coating of poly(ethylene glycol) 

(PEG) to minimize proteins adsorption may trigger complement, thereby influencing phagocytic cell 

capture and infusion-related reactions. Poly(2-mehyl-2-oxazoline) (POZ) has been proposed as 

alternative polymer for surface modification of NPs, due to its improved chemical and physicochemical 

features compared with PEG [3]. With the double goal of characterizing POZ performance and of 

comparing the importance of protein corona formation vs complement activation, we tested the effect of  

human serum (HS) on the efficacy of human monocytes and macrophages in capturing 100 nm 

ORMOSIL-NPs coated with PEG or POZ (prepared by ammonia-catalyzed co-polymerization of 

vinyltriethoxysilane and suitable PEG or POZ trimethoxysilane derivatives in Brij 35).  In no proteins 

monocytes/macrophage capture was reduced for PEG and POZ-modified NPs with respect to naked 

NPs. However, in HS, polymer-coated NPs were captured more efficiently compared with the naked 

NPs counterparts. PEG, but especially POZ coating, increased complement activation and 

monocytes/macrophages capture through complement opsonization. Importantly, the intensity of such 

effects were also tested using HS from different human subjects and  mouse and pig sera and found to 

be both subject- and species-dependent. Biochemical functional ad shot-gun proteomic approaches 

show that, in condition of complement inhibition, the specific presence of defined non-complement 

proteins and their relative amount in the corona is poorly relevant in determining the stealth property of 

coated NPs. Complement activation is a major factor affecting the stealthing efficacy of PEG and POZ 

coats on NPs. POZ, although a promising alternative to PEG, was proved to be much more effective in 

activating the complement on NPs. This demands the search for complement-inert nanoparticle coating.  

 

 

 

 

 

 

1. Fedeli et al. Nanomedicine, 2015, 7, 17710. 

2. S. M. Moghimi, Z. S. Farhangrazi, Nanomedicine, 2013, 9, 458. 

3. Sedlacek O. et al. Macromol. Rapid Commun., 2012, 33, 1648. 

 

 

Acknowledgments: This work was supported by the University of Padova (Ex 60%, 2010–2015, PRAT 

2011, Progetto Strategico di NAMECA) and by the Italian Ministry of Research (FIRB 2011, 

RBAP114AMK-RINAME) and is in partial fulfilment of the PhD degree of A. G-S. 

 

27 
 



 

SL 4 NANOMEDICINE VITERBO 2016 

 

Nanoparticles for an Innovative Administration of Statins 

Adryana Clementino,
a,b

 Michele Pozzoli,
a 
Nkemjika Abiakam,

a 
Rugero Bettini,

a
 Fabio Sonvico 

a
 

a
 Department of Pharmacy., University of Parma, Parco Area delle Scienze, 43124, Parma, Italy;  

b
 National Counsel of Technological and Scientific Development – CNPq – Science without Borders 

Program- CsF, SHIS QI 1, Brasilia, Brazil. 

Email of presenting author: adryanarc@gmail.com 

The blood brain barrier (BBB) represents the major obstacle to the delivery of therapeutics for Central 

Nervous System (CNS) disease treatments. Intranasal (IN) route has emerged as a potential way to 

provide a non-invasive method of bypassing the BBB and to potentially deliver drugs to the CNS.
1
 

Despite its potential, nasal delivery system faces some distinctive limitations that restrict its application: 

for instance, the mucociliary clearance reduces the permanence of active molecules in the nasal cavity, 

the delivery of hydrophobic molecules can be hampered by their poor aqueous solubility and high 

concentrations of drugs need to be present in the formulation. Mucoadhesive nanoparticles have been 

suggested to overcome these limitations, promoting an increase in the residence time, permeation 

enhancement and a prolonged release of the drug into nasal cavity.
2
 Simvastatin (SVT) is a poorly 

soluble pro-drug that recently has been proposed for the treatment of several diseases, such has 

ischemia and neurodegenerative diseases due to its pleiotropic properties. These properties require high 

levels of SVT at the target organ and it is well known that statins oral bioavailability is suboptimal as a 

consequence of the hepatic first pass effect. In this context the purpose of this study is to develop and 

characterize a novel formulation based on lecithin-chitosan nanoparticles (NLC) with the addition of 

different oils able to encapsulate this drug, exploiting, so far, an approach that allows high drug loading, 

mucoadhesion and a quick release of the drug, in contrast to previously adopted polymer nanoparticles. 

NLC are formed by the electrostatic interaction between chitosan and lecithin. The nanoparticles were 

prepared injecting of an ethanol solution of 2.5% soybean lecithin containing SVT 12.5 mg/mL and 

selected oils into a 0.01% chitosan aqueous solution. Nanoparticles were characterized for the zeta 

potential (ZP), mean diameter, polydispersity index, drug load content and number of nanoparticles for 

mL of the nanoemulsion by Nanoparticles Tracking Analysis (NTA). The release of the system was 

evaluated in simulated nasal fluid (SNF). In order to improve the SVT-NLC drug loading capacity, 

different oils were tested. The binary combination between Maisine™ and Labrafac® oils showed the 

best results in terms of diametric size (200±18 nm), polydispersity index (0.098±0.04), surface charge 

(+49±5,48 mV), drug loading capacity (96.87±2.0%) and excellent stability up to 3 months. The NTA 

display a concentration of 1.57 10
14

 nanoparticles/mL. The in vitro drug release was measured via the 

dialysis bag diffusion method for 8 hours period in SNF pH 6.5 in the presence of Bovine Serum 

Albumin (BSA) according to the sink conditions. The experiment highlighted that SVT-NLC displayed 

a considerably faster release than the SVT-Suspension, with the cumulative amount released around 

40±2.4% released by SVT-NLC formulation compare to 21±0.5% by the drug suspension. 

In conclusion, it could be ascribe that SVT-NLC have demonstrated to possess the required 

characteristics necessary, at this first stage, to be testing for nasal drug delivery, showing a very good 

potential to overcome the main limitations of the IN route. 
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One of the major problems in nanoparticle-based biomedical applications is related to the fate of the 

nanosystems after their administration. Biodegradable carriers are highly desirable. However, they 

should be able to conjugate such feature with a prolonged stability in aqueous solution, to prevent 

unwanted and premature degradation. In this communication we report on our recent advances in the 

study on “bionanoparticles” which demonstrate prominent potential in the field of nanomedicine. In 

particular we focused our interest on the lipoic acid molecule, which has antioxidant properties and is an 

enzymes cofactor. Taking advantage for the well-known thiol induced polymerization of lipoic acid
1
, 

we were able to prepare a universal and non-toxic nano-platform constituted by a solid crosslinked 

polymeric matrix of lipoic acid monomers stabilized by the poloxamer surfactant (Figure 1). The 

presence of carboxyl moiety in lipoic acid provides easy monomer functionalization aimed at obtaining 

a library of adaptable precursors for a nano-carriers formation. The nanoparticles are stable in water for 

months and are prepared by facile and fast nanoprecipitation methodology in aqueous environment, 

ensuring control over the size and chemical composition (Figure 2). By dint of hydrophobic effect the 

polymeric core can be loaded with a wide range of active molecules: fluorophores - for tracking and 

theragnostic, likewise drugs, that can be crosslinked together with lipoic acid monomers, or entrapped 

between polymer strands. The preliminary biological studies demonstrate an high stability in the 

biological media together with relevant “stealth” features giving opportunity to selectively “address” 

nanoparticles to the interesting tissue. Consequently, polymeric nanoparticles, might offer novel 

opportunities for the design of new classes of highly biocompatible nano-carriers for therapeutic use. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1      Figure 2 
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Objectives: In the last decade, it has been demonstrated that solid lipid nanoparticles (SLN) are 

pharmaceutical nanocarriers capable to incorporate biologically active substances. The aim of the present 

study is to test the safety and the internalization efficiency of SLN in airway epithelial cells in vitro, in order 

to use these nanoparticles as carriers for anti-oxidant natural substances such as resveratrol or lycopene in 

future studies. 

Methods: Fluorescently labelled SLN were formulated according to the melt-emulsification method, by 

using Gelucire® 50/13 as lipid and green fluorophore 6-coumarin (6-COUM) as dye
1
. Starting by an initial 

dose of 6 mg of 6-COUM, the resulting particles were found around 235 nm in mean size and quite spherical 

in morphology as shown by TEM microphotograph (Fig. 1). Moreover, a core-shell structure is well 

evidenced according to that reported for these nanocarriers
2
. Thus, the 4 nm wide dark circular line around 

the SLN can be reasonably ascribed to the surfactant monolayer shell surrounding the SLN. 

To study the uptake of the particles, airway epithelial cells H441 were incubated with three doses (0.2, 1, 10 

g/ml) of freshly prepared SLN carrying 6-COUM for 4, 8 or 24 h; then cells were treated or not with trypan 

blue (0.04%) to quench the fluorescence of the membrane-associated but not internalized nanoparticles, and 

then analyzed by flow cytometry. We also evaluated the cytotoxicity of the SLN by incubating cells with the 

same doses and for the same times used in the uptake experiments and performing MTT assay. The viability 

of the treated cells was also studied by propidium iodide exclusion assay by flow-cytometry. 

Results: Flow cytometry analysis demonstrated that even at the lowest dose (0.2 g/ml) and after only 4 h of 

incubation, the cells were highly positive for the 6-COUM fluorescent signal (~80%) and the percentage 

increased to 100% with the other doses. We also observed  the persistence of 6-COUM signal  in cells up to 

10 days, 14 days and 16 days with 0.2, 1, and 10 g/ml respectively, after 4 h of incubation. Both MTT assay 

and propidium iodide exclusion assay demonstrated a very low and not significant cytotoxicity at the three 

tested doses.  

Conclusions: We have found optimal and safe doses of SLN to obtain a high rate of internalization in an 

airway epithelial cell line; in the next future we will load these SLN with anti-oxidant natural substances to 

asses their efficacy in vitro as a potential therapy for airway chronic inflammatory diseases such as asthma or 

COPD. 

 

Figure 1. TEM observations of 6-COUM loaded SLN. 
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During the last 50 years different strategies have been used for formulating liposomal 

glucocorticosteroids (GCs). The attractiveness of liposomal GCs lies in the well-known and extensive 

use of GCs in many diseases. However, in many cases their use is limited by severe side effects and 

toxicities. These are related to the drugs’ unfavorable pharmacokinetics and biodistribution which 

require high and frequent administrations to achieve sufficient therapeutic levels and therapeutic 

efficacy.  

Various liposomal formulations were tried in order to overcome these major obstacles. But now it is 

clear that for systemic use only GCs in PEGylated nano-liposomes may serve as good candidates. Such 

nano-liposomes show steric stabilization, high stability in plasma, and long circulation time.  This 

enables them to “take advantage” of the inflamed (and cancerous) tissues’ unique micro-anatomical 

vascular abnormality, the enhanced permeability and retention (EPR) effect, achieving passive targeting 

to the inflamed tissue.  

We formulated such 80nm PEGylated nano-liposomes (NSSL), remotely loaded via a trans-membrane 

acetate gradient, with "water-soluble” amphipathic weak acids, steroid prodrugs as the active 

pharmaceutical ingredient. This remote loading is further stabilized by the precipitation of the 

amphipathic weak acid with the selected counterion (Ca
+2

), contributing to the control of drug release at 

various temperatures. The use of the high Tm (53
0
C) hydrogenated soy phosphatidylcholine (HSPC) as 

the “liposome-forming lipid” together with high mole% cholesterol (38 mole%) result in a zero-order, 

slow, drug release at the targeted inflamed tissue. The resulted nano-drug demonstrates high drug-to-

lipid mole ratio, high loading efficiency (>95%), and high stability (>1.5 years upon storage). A GMP 

scaled-up production procedure was developed resulting in liters scale sterile pyrogen free product. 

Our results using animal models of rheumatic arthritis, multiple sclerosis, cerebral malaria, 

lupus, Duchenne muscular dystrophy, carrageenan- and zymosan-induced inflammation show that these 

nano-drugs therapeutic efficacies are much superior to the same steroid administered "as is" and to other 

drugs and/or biologicals currently used to treat these diseases. The superior therapeutic effect was 

accompanied with improving the pathology of the inflamed tissue, reduction in the secreted 

inflammatory cytokines’ levels as well as reduced toxicity following long-term treatment.  

The much improved tolerability to these nano-drugs, together with their highly efficacious therapeutic 

features support our current clinical development of steroidal NSSL as potential therapeutic agents for 

inflammatory diseases. 
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Nowadays, active targeting of a drug in tumor sites is generally accomplished by tailoring a nanosystem 

with receptor targeting groups such as folate, antibodies, saccharides and peptides. Targeted PDT 

treatment relies on the selective accomodation of a photosensitiser  (PS) in tumor sites following 

irradiation, thus generating the cytotoxic singlet oxygen (
1
O2).

1
 Here we report a nanoassembly based 

on amphiphilic cyclodextrin carrier (aCD, SC6OH), entrapping pheophorbide (Pheo) as PS and tailored 

with folate–adamantanyl (Ada-Fol) as folate receptor (FOLR1) targeting group. SC6OH@Ada-Fol 

/Pheo nanoassemblies (1) (see Figure 1), prepared by hydration of organic film and sonication, were 

studied by complementary techniques such as UV-Vis, steady-state and time-resolved fluorescence. The 

nanosystem 1 showed an hydrodynamic radius of  300 nm , Z-potential of   -45 mV, Pheo loading 

and entrapment efficiency of   4% and 66%, respectively. Pheo was retained for  2 weeks from 1 in 

PBS (pH=7.4) at 37°C. In order to verify the targeting properties, we evaluated in vitro the effectiveness 

of 1 on cell growth for different cancer cell lines over-expressing FOLR1 (MCF-7, MD-MBA and  

A549) and very low expressing FOLR1 (PC3). Our data indicate that the nanoassembly 1, upon red-

light irradiation, inhibits cell proliferation depending on FOLR1 expression. 

 

 

Figure 1. Sketched depiction of 1 formation. In the inset: metabolic activity on MCF-7, 

MD-MB A549 and PC3 treated  with 1 ([Pheo] = 500 nM, 3 h, Resazurin assay) ad upon 

red-light irradiation. 

 

 

 

1. C. Conte, F. Ungaro, A. Mazzaglia, F. Quaglia, in Nano-Oncologicals: New Targeting and 

Delivery Approaches, Advances in Delivery Science and Technology, eds. M. J. Alonso and M. 

Garcia-Fuentes, 2014, CRS Springer p. 123 and ref therein. 
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Conventional photodynamic therapy (PDT) has shown to be beneficial in the treatment of different 

tumours. However, one of its major limitations is the use of photosensitizers (PS) photoactivable in the 

visible light range that restricts its efficacy towards superficial types of cancer.
1
 In order to overcome 

this constraint, in the present work we describe the preparation of 80 nm poly-methylmethacrylate core-

shell fluorescent nanoparticles (FNP) loaded with the photosensitizer tetrasulfonated aluminum 

phtalocynine (Ptl)
2
 that can be activated by near-infrared light (Ptl@FNP). To demonstrate the efficacy 

of our Ptl@FNP we performed in vitro and in vivo studies using a human prostate tumor model. Our 

data revealed that Ptl@FNP are internalized by tumor cells and efficiently trigger cell death through the 

generation of ROS upon irradiation with 680 nm light. When directly injected into PC3 tumor 

xenografts intramuscularly induced in SCID mice, Ptl@FNP upon irradiation significantly reduced 

tumor growth with higher efficiency than the bare Ptl. With the aim of improving selectivity of 

Ptl@FNP, future investigation with Mesenchymal Stromal Cells as a cell-delivery vehicle will be 

performed.
3 

 

 

Figure 1. The efficacy of Ptl@FNP was tested in a human prostate 

tumor animal model. Near-infrared light irradiation of Ptl@FNP 

intratumorally injected significantly reduces tumor growth. 

 

 

 

1. X. Zhang, T. Liu, Z. Li, X. Zhang, Oncol. Lett., 2014, 1403.  

2. I. Mfouo-Tynga, H. Abrahamse, Int. J. Mol. Sci. 2015, 16, 10228. 

3. S. Duchi, G. Sotgiu, E. Lucarelli, M. Ballestri, B. Dozza, S. Santi, A. Guerrini, P. Dambruso, S. 

Giannini, D. Donati, C. Ferroni, and G. Varchi, J. Control. Release, 2013, 168, 225. 
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Photothermal therapy in nanomedicine is emerging as a very important strategy for cancer treatment but 

despite the many advantages of application of nanomaterials in the field of nanomedicine, increasing 

concerns have been expressed on their potential adverse effects on human health. There is urgency for 

novel green strategies toward novel materials with enhanced biocompatibility using safe reagents.  

Herein, we report the synthesis of Mg NPs and their surface functionalization for the obtainment of a 

stable and biocompatible nanomaterial suitable for photothermal ablation therapy against cancer. 

Magnesium nanoparticles (20-30 nm) with a salt reduction methodology and their coating with organic 

ligand, while GNRs were synthetized using the so-called “seed-mediated growth method”. 

These novel system based on Mg proved the possibility of generating a temperature rise of a few to 

several degrees once nanoparticles batches containing 5.3 mM of Mg were illuminated with a 810 nm 

diode laser operating in continuous wave mode and we have investigated whether the photo-thermal 

response could vary as a function of Mg concentration 

 

Gold Nanorods
Length 50 nm

Width 12 nm

Mg Nanoparticles
Size= 20 nm

NIR irradiation

Photo-Thermal Therapy

 

Figure 1. Near-Infrared Irradiation (NIR) of Mg nanoparticles and gold nanorods for 

photothermal therapy. 

 

 

Following these protocols therefore, novel highly biocompatible nano/heater are characterized and 

tested as safe and non-toxic biomaterials for clinical applications.  

A comparison among our well-established approach using gold nanorods
2
 and Mg nanoparticles will be 

discussed. 

 

 

 

 

1. E. Locatelli, P. Matteini,
 
F. Sasdelli, A. Pucci, M. Chiariello, V. Molinari, R. Pini, M. Comes 

Franchini. Chem. Commun. 2014, 50, 7783.  

2. R. C. Martin, Erica Locatelli, Y. Li, Paolo Matteini, Ilaria Monaco, G. Cui, S. Li, Martina 

Banchelli, Roberto Pini and M. Comes Franchini. J. Mat. Chem. B. 2016, 4, 207. 

3. R. C. G. Martin II,  E. Locatelli, Y. Li, W. Zhang, S. Li, I. Monaco, M. Comes-Franchini. 

Nanomedicine, 2015, 10, 1723. 
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Keratin it is the most abundant non-food natural protein, being the major component of wool, feathers, 

hair, horns and nails. It is a cysteine-rich structural protein, which possesses excellent bio-compatibility 

and low toxicity to cells, thus representing a very promising material in the nanoparticles-mediated drug 

delivery field.
1,2

 

In the present work we describe the preparation of keratin and chlorin e6-conjugated keratin 

nanoparticles (KNPs@Ce6), and we provide an in vitro proof-of-concept of their ability to function as 

nanocarriers for cancer photodynamic therapy. Nanoparticles were synthesized by both self-assembling 

and desolvation methodologies and characterized in terms of yield, size, morphology, Ce6 loading ratio 

and ability to produce reactive oxygen species (ROS) upon irradiation with white light. In vitro 

internalization and photo-toxicity studies were performed on osteosarcoma (U2OS) and glioblastoma 

(U87) cells lines. Importantly, no dark toxicity was detected, while the amount of Ce6 inside the cells 

significantly increased when loaded onto nanoparticles. The irradiation of tumour cells loaded with 

KNPs@Ce6 resulted in an greater cell death percentage as compared to free Ce6 in both cell types and 

at all the considered concentrations.  

 

 

 

Figure 1. Keratin nanoparticles synthesis and phototoxicity on 

osteosarcoma and glioblastoma cell lines. 

 

 

 

 

 

 

1. H. Xu, Z. Shi, N. Reddy, and Y. Yang, J. Agric. Food Chem., 2014, 62, 9145. 
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Nano-sized agents with long circulation times accumulate preferentially into tumor tissue through a 

leaky tumor vasculature and retention in the tumor environment due to reduced lymphatic drainage. 

However it is known that the enhanced permeability and retention (EPR) effect is heterogeneous among 

tumor types and within individual tumors. Therefore, the availability of an  imaging tool that can report 

on the extent of the EPR effect could in principle improve the effectiveness of the administered therapy 

particularly in case of nanomedicines providing additional insights on the  response monitoring
1,2

. The 

technique  explored in the present work is Photoacoustic Imaging (PAI), a new hybrid modality based 

on the detection of acoustic waves generated by the absorption of short laser pulses in biological tissues. 

The diagnostic value of this emerging imaging modality has been demonstrated in several recent 

preclinical and clinical studies
3
. 

In this research work, we  report the in vitro characterization and in vivo application of some nano-sized 

probes for Photoacoustic Imaging. We focused on different nano-sized systems with different 

dimensions for a further evaluation of their  extravasation properties in tumor tissues. The nano-sized 

systems tested were as follows: (i) a fluorescent small molecule with albumin binding properties, 

characterized by and average diameter of 5 nm; (ii) dye loaded Solid Lipid Nanoparticles (SLNs, with a 

mean diameter of 45 nm) (iii) dye loaded liposomes (100 nm); (iv) Gold Nanorods (40 nm x 10 nm)
4
. 

The main properties that influence the generation of photoacoustic signal, such as molar extinction 

coefficient, fluorescent quantum yield and albumin binding were investigated in vitro. Moreover, the 

photoacoustic signal was also measured by means of an agar phantom in different media such as 

phosphate buffer and serum. Based on the above parameters, a subset of nano-sized probes having 

enhanced photoacoustic signal was identified and their investigation was extended to healthy animals to 

confirm their in vivo efficiency. When possible also Near Infrared optical imaging was employed to 

characterize the biodistribution of the probes in the main organs and tumors. 

 

 

 

Figure 1. PAI spectra of Gold Nanorods (a) in vitro and (b) in vivo in liver.  
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Indocyanine Green(ICG) has been extensively used in medical diagnostic, in preclinical optical studies 

and recently in photoacoustic imaging (PAI). However, the in vivo application of ICG is hampered by 

its intrinsic low stability and solubility. Herein, ICG dyes have been loaded inside MCM-41 

Mesoporous Silica Nanoparticles (MSNs) and their optical/ photoacoustic properties have been tested 

and compared with those of free ICG. 

MCM-41 were prepared through a sol-gel procedure and functionalized with aminoproyl groups. In a 

second step, MCM-41 NPs were suspended in a methanol solution of ICG for 8h at room temperature. 

Three different ICG loading were tested. Finally, their surface was functionalized with PEG5000 to 

increase the suspendibility and characterized by UV-Visible and Photoluminescence spectroscopy. PAI 

analysis was carried out by using a VisualSonics Vevo 2100 LAZR Instrument. For in vitro PAI, ICG-

MSNs suspensions were loaded onto plastic capillaries sorrounded by agarose gel. For in vivo PAI, 

mice bearing subcutaneous tumors were injected with ICG-MSNs and PA-images of tumor region were 

acquired. Cell experiments have been carried out by using murine macrophages to evaluate toxicity of 

ICG-MSNs and their cellular uptake. 

ICG-MSNs are 50nm-spherical particles with surface PEG and NH2/NH3
+
 groups and containing 

different amounts (0.80-3.7 μmol/g) of ICG molecules inside the channels (2.5 nm size). ICG-MSNs 

have an UV-vis absorption at 810nm and emit at 820-840 nm. The photodegradation (Bleaching tests) 

of ICG inside silica is completely prevented after 1h of light. In opposite, the free dye showed a 

degradation of ca.60%. These particles are not toxic; cell viability of macrophages remains ca.100% up 

to a ICG-MSNs concentration of 5 mg/mL. Finally, the internalization efficiency of free ICG is higher 

than that one of ICG-MSNs. The acquisition of PAI spectra shows that that these nanoparticles display 

two PA peaks (725 and 810 nm). When ICG is inside MSNs, the PAI efficiency is one order of 

magnitude higher than that displayed by free ICG. As proof of concept, upon i.v. administration of  

ICG-MSNs in mice, a PAI signal enhancement of ca. 25% has been observed in a ROI drawn inside 

tumor region.  

 

 

Figure 1. left) US image of subcutaneous tumor; (middle) PA image of 

subcutaneous tumor at 810 nm pre injection of ICG-MSNs; (right) PA image of 

subcutaneous tumor at 810 nm post injection of ICG-MSNs. 
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Integrin αvβ3 is a cell-adhesion molecule involved in angiogenesis, tumor invasion and metastasis which 

is overexpressed by tumor cells as well as by the endothelial cells of tumor neovasculature. The most 

potent αvβ3 ligands are cyclic peptides (or peptide analogues) containing the RGD sequence. Ligand 

affinity can be further enhanced by utilizing multivalent scaffolds. Gold nanoparticles (AuNPs) are 

ideal platforms for the multivalent presentation of RGD ligands targeting αvβ3 integrins and could be 

exploited for tumor diagnosis and for therapeutic purposes in theranostic formulations. 

We have developed novel PEGylated AuNPs
1
 functionalized with multiple copies of cyclic-

aminoproline RGD peptides (cAmpRGD)
2
 which show high affinity and selectivity for αvβ3 integrins. 

In this contribution we will discuss the molecular design, the preparation and characterization of these 

nanoparticles. Furthermore we will show their excellent targeting properties from data collected using 

the human melanoma cell line M21 which overexpress integrin αvβ3. In fact, cAmpRGD-AuNPs target 

M21 cells 4 times more efficiently than control AuNPs as demonstrated by ICP-OES, selectively inhibit 

cellular adhesion to vitronectin (the natural, RGD containing ligand) by 50% at 1 nM concentration, and 

do not show any significant toxicity at concentrations as high as 10 nM after 24 h as demonstrated by 

Annexin V/ PI staining assays and no significant alterations of the cell cycle. In view of these 

characteristics we are working on developing cAmpRGD-AuNPs as novel microSPECT/CT tracers for 

diagnostic imaging.
3 

 

 

Figure 1. Schematic representation of tumor targeting by PEGylated RGD-AuNPs. 

 

 

1. L. Maus, O.Dick, H. Bading, J. P.Spatz, R. Fiammengo, ACS Nano 2010, 4, 6617. 

2. A. Sartori, F. Bianchini, S. Migliari, et al. MedChemComm 2015, 6, 2175. 

3. Y.-H. Kim, J. Jeon, S. H. Hong, et al. Small 2011, 7, 2052. 
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In this work Gold nanorods (GNRs) with two different coatings are presented. In the first, GNRs are 

coated with a rigid shells of silica starting from an organo-silica precursor. After PEGylation, coated-

GNRs are conjugated with a cell penetrating peptides and incorporated into tumor-tropic bio-vehicles. 

This is an emerging approach as an innovative drug delivery system for photothermal and photoacoustic 

applications. In the present work we evaluate the thickness of the organosilica shell (from none to  30 

nm), in order to understand its effect on the uptake and cell viability. In particular, hybrid SiO2-GNRs 

are uploaded into murine macrophages, and their kinetics of endocytic uptake and cytotoxicity are 

subject to a systematic survey, by standard methods and digital holographic microscopy.  

In the second, GNRs are coated with a rigid shell of TiO2 or a mixed TO2-SiO2 shell. A new procedure 

is used to coat GNRs with this rigid shell and the photostability is compared with GNRs with a silica 

shell. 

Both of particle models are characterized step by step in terms of size, shape, electrokinetic potential, 

photostability and for SiO2-GNRs, principal biological profiles are evaluated. 

The perspective to engineer the shell at the lengthscale that is enabled by our synthetic protocol is a 

powerful asset to reach a good control of the properties in the material. 

 

 

 

Figure 1. TEM images of GNRs coated with a 30 nm of SiO2 shell 

(left) and GNRs coated with a 10 nm of mixed oxide SiO2-TiO2 (right). 
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The main objective of our work is to develop hybrid Mesoporous Silica Nanoparticles (MSNs) with 

theranostic capability, carrying fluorescent beacons for traceability and imaging, featuring a smart 

release control mechanism, and able to accommodate large drug-loads to be delivered on demand to a 

desired location. [1] By combining therapeutic and diagnostic (theranostic) functionalities with 

targeting capabilities and large surface areas, nanoparticles provide an ideal vehicle for personalized 

medicine. MSNs can be prepared with pore volumes above 1mL/g and particle size from 20 nm to 

several hundred nanometers. Fluorescent hybrid MSNs, containing fluorescent molecules embedded in 

the inorganic network, are impervious to self-quenching effects. Their external surface can be 

selectively functionalized to immobilize polymers or (bio)molecules for possible targeting or sensing, 

and the pore is available for solvent diffusion, allowing the incorporation of different molecules. [2] 

The use of stimuli-responsive polymers to coat MSNs is particularly interesting, offering the possibility 

of controlling the polymer expanded/collapsed conformation in water by using an external stimulus, 

such as temperature or pH (Figure 1). This smart shell can act as a gate to control the release from the 

pore system, thus offering excellent prospects for application in drug delivery and biosensing. [3] 

In this work we describe the preparation of fluorescent mesoporous silica nanoparticles with a diameter 

of ca. 90 nm, incorporating a fluorescent perylenediimide derivative (PDI) in the pore wall structure. 

The surface of this MSNs is functionalized with amino groups, which are further modified with a RAFT 

chain transfer agent and then used to polymerize a polymer shell. This polymer shell consists of a new 

thermoresponsive acrylate-based copolymer obtained by reversible addition-fragmentation chain 

transfer (RAFT) polymerization. The final goal is to study the copolymer expand/collapse conformation 

at different temperatures and pH. This vehicle could be used as a new drug delivery system, featuring a 

smart release mechanism to deliver the drug on demand and in a desired location  
 

 

Figure 1. Development of hybrid MSNs as a platform to drug delivery. 
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Tissue engineering and regenerative medicine are part of an emerging and interdisciplinary field that 

applies the principles of engineering and life sciences towards the development of biological substitutes. 

This innovative strategy may help identify suitable alternatives to current clinical treatments for a 

variety of pathologies, such as bone injuries and diseases, whose growing incidence is increasing the 

demand of medical and healthcare resources. Peptide hydrogels may be used in this context as 

biocompatible and biodegradable materials suitable for cell encapsulation and for the controlled spatial 

and temporal delivery of biomolecules (e.g. growth factors) able to direct cell differentiation. 

Recently, we developed an enzymatic approach for the preparation of injectable, self-assembling 

materials based on Fmoc-oligopeptides
1
. The reaction products spontaneously self-assemble in water to 

form a 3D structure of entangled nanofibers. These materials can be used as controlled drug delivery 

systems for bioactive molecules
2
 and may enhance cell production of growth factors

3
. We employed 

such hydrogels for the preparation of composite materials specifically designed for bone tissue 

regeneration. These tailor-made hydrogel systems contain biopolymeric spheres delivering bioactive 

molecules, as well as pure and substituted calcium phosphate (CaP) nanoparticles to provide bioactivity, 

osteoconductivity and improved mechanical properties. Ongoing work is aimed at investigating the 

biological properties of the composite hydrogel systems, in terms of adhesion, growth and 

differentiation of human mesenchymal stem cells. 

 

 

 

Figure 1. SEM micrograph of FmocFGFF hydrogel. 
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Multifunctional nanoprobes combining magnetic nanoparticles (MNPs) with organic dyes have 

attracted great interest due to their promising applications in biomedical field. Among the wide 

selection of different nanoprobes, iron oxide nanoparticles (SPIONs),
1
 loaded with different 

functionalities, have a very promising application in the drug delivery therapy. 

In cancer treatment a possible drug delivery approach is the well known prodrug monotherapy (PMT), 

in which the drug is released by enzymes naturally overexpressed in tumor tissues. A recognized 

enzyme suitable for this method is plasmin, a serine protease. 

Our project aimed at combining those approaches planning a superparamagnetic probe based on 

SPIONs, conjugated to a fluorescent tag through a tripeptide linker.
2,3

 This peculiar system has been 

designed to be cleaved by plasmin with the resulting release of the fluorescent tag. Therefore, this 

original system could find applications either in the imaging diagnostic or in the drug delivery fields 

(figure 1). 

 

Figure 1. Superparamagnetic iron oxide nanoparticles (SPIONs) conjugated to a 

fluorescent tag which can be released by plasmin for application in the biomedical field. 

 

 

 

Herein, we present the synthesis and the characterization of the two components (SPIONs and the 

tripeptide linked to a fluorescent tag) and the study of their conjugation. Furthermore, we present the 

preliminary results of the enzymatic cleavage, as proof of concept of our project. 
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Soft biomaterials based on engineered peptide nanotubes have attracted huge interest for applications in 

the fields of drug delivery.
1
 Among different kinds of peptide nanotubes, those based on peptides 

characterized by regularly alternating enantiomeric sequences are particularly attractive, since they 

provide low-pitch helices that self-assemble in stacks directed and stabilized by hydrogen bonds.
2
 When 

such peptides are conjugated with the suitable polymer in order to achieve the proper balance of 

hydrophobic/hydrophilic regions, these conjugates are able to self-assemble in water in stable 

nanoparticles (NPs) with core/shell morphology and enhanced resistance to phagocytosis due to the 

enantiomeric sequences. Herein, the synthesis of the conjugate For-(D-Phe-L-Cys(Acm))4-NH-(CH2-

CH2-O)45-CH3 (PEP8-Phe-PEG) and investigations on its self-assembling properties through NMR, CD 

and fluorescence spectroscopies, DLS, TEM and SEM microscopies were reported. NPs with a rod-like 

structure were obtained (Figure 1A) proving that the self-assembling of the conjugate is ruled by the 

hydrophobic octapeptide that prevalently assume a flat β-like conformation able to self-assemble 

through a hydrogen bond network.
2
 Based on TEM and DLS results, a structural model (Figures 1B and 

C) is proposed for PEP8-Phe-PEG where the hydrophobic octapeptides form the tubular core whilst 

PEG in the outer shell confers stability to the system. The ability of the NPs to act as an efficient drug 

delivery system was investigated using curcumin as a probe to determine the uptake efficiency and 

pharmacokinetics. A good DL of 6 wt% and a sustained drug release over 48 hours was obtained. The 

assessed thermodynamic stability and uptake efficiency along with biocompatibility make these NPs 

promising candidates for drug delivery applications. 

 

 

Figure 1. A) TEM micrographs of PEP8-Phe-PEG NPs; B) Structural 

model proposed for the corresponding NPs; C) ß-like conformation 

with a 6.2 residues per turn preferred by the linear DL-octapeptides. 
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Since the emergence of nanotechnology in the past decades, the development and design of 

nanomaterials has become an important field of research. An emerging aspect of this field is 

nanomedicine, wherein nanoparticles are being developed for use as imaging agents or for drug delivery 

applications. Particle diameters bellow a few tens of nm are desirable, especially to apply in organelles 

inside cells or to pass the blood brain barrier. Among these nanoparticles, mesoporous silica 

nanoparticles (MSNs) have gained special attention for biomedical applications due to their excellent 

biocompatibility, high surface areas, large pore volumes, high loading capacity, uniform and tunable 

pore sizes, and versatile surface functionalization. 

In the literature, only a few cases describe particles below 100 nm diameter, by changing the silica 

source or the temperature. [1] The most common processes to synthesize MSNs use ammonium bases 

and co-solvents or hydroxide base in aqueous media, leading to diameters that are usually higher than 

100 nm.  

Here, we describe the preparation of MSNs with controlled diameters below 100 nm, under mild 

synthesis conditions. [2] The synthesis is performed using a sol-gel method, in an aqueous medium, 

with tetraethyl ortosilicate as silica source, an ionic surfactant, without ammonium bases or co-solvents. 

We are capable of controlling the diameter of MSNs, as also the dimension and shape of their pores by 

varying the pH or the ionic strength of the reactional mixture under constant temperature conditions. 

The diameter was tuned from 20 to 100 nm, with low size dispersity (Figure 1). Additionally, during the 

synthesis we can covalently incorporate a fluorescent hydrophobic perylenediimide dye in the silica 

network. This way, it is possible to synthesize fluorescent MSNs, with sizes below 100 nm, controlling 

the pore diameter and morphology, for applications in bioimaging and drug delivery. 

 

A B C D

 

Figure 1. TEM images (scale bar 100 nm) of MSNs (average diameters: A – 25 nm; B – 38 nm; C – 55 nm; 

D – 70 nm). 

 

 

1. S.-H. Wu, C.-Y. Moua, H.-P. Lin, Chem. Soc. Rev. 2013, 42, 3862. 

2. T. Ribeiro, A.S. Rodrigues, C. Baleizão, J.P.S. Farinha, 2016. Process for the production of 

mesoporous silica nanoparticles with diameters under 100 nanometers and precise control of the 

particle diameter and the pore geometry. Portuguese Invention Patent nº 109110. 
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Tooth loss is a common result of a variety of oral diseases due to physiological causes, trauma, genetic 

disorders and aging, and can lead to physical and mental suffering that markedly lower the individual’s 

quality of life [1-3]. Tooth is composed of mineralized tissues and soft connective tissues. Dentin is the 

most voluminous tissue of the tooth and its formation (dentinogenesis) is a highly regulated process 

displaying several similarities with osteogenesis. In this study a low-cost scaffold made by gelatin 

biomineralized with magnesium-doped hydroxyapatite and blended with chitosan, was developed for 

hard tissue engineering. We synthetized a dentin-like scaffolds using a controlled freeze-drying process 

permitting the formation of microscopic channels comparable to dentin tubules and appropriate for cell 

penetration and matrix deposition. 

Mesenchymal stem cells (MSCs) and dental pulp steam cells (DPSCs) were seeded in direct contact 

with the scaffolds and cultured with medium supplemented with osteogenic factors. Cell viability and 

cell morphology were analysed up to 14 days of cultured. Moreover gene and protein quantification 

were investigated. 

Results and Discussion: The scaffolds show an aligned porosity suitable for the colonization of its inner 

part by the seeded cells (Figure 1). The scaffold had no cytotoxicity, cells morphology was accordant to 

a non-stress cell condition and a good adhesion to the scaffold. 3D cell culture with MSCs and DPSCs 

showed the promising properties of the new scaffolds for tooth regeneration. In detail, the chemical 

composition of the biomineralized gelatin facilitate the cell adhesion, the aligned porosity is suitable for 

cell colonization and fine cell/material interactions together with mineral component permit the cells 

differentiation and matrix deposition. 
 

 

Figure 1: SEM image of biomineralized gelatin-based 

scaffold with an aligned channel-like porosity. 
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The primary aim of tissue engineering is to develop bio-functional matrices for wound healing under 

normal or chronic situations. Recent advances in the fabrication of biomaterials have led to the 

development of a variety of collagen-based scaffolds simulating tissue healing in vitro. The aim of this 

work was to verify how these collagen-based scaffolds are structurally modified when combined with 

such active substances as sodium hyaluronate (CS&NaYal) or Oxidate Regenerated Cellulose 

(Coll&ORC). The overall morphology of these collagen matrices was therefore examined by light and 

electron microscopy. To verify how different collagen scaffoldings affect cell behaviour, aliquots of 

NIH3T3 fibroblasts were cultured in vitro for time intervals ranging from 4 hours to 14 days and cell 

proliferation was quantitatively determined by the MTT assay. This study demonstrates that equine 

collagen type I scaffold remains structurally stable and capable of sustaining cell migration and 

proliferation in vitro for the entire culture period. We interpret this observation as indicating that 

addition of NaYal does not interfere with collagen assembly, the matrix retaining its overall integrity 

and the collagen fibers under native conditions. Apparently, the Coll&ORC scaffold exhibited similar 

architectural organization with larger pores and the matrix laminae organized as fibrillar bundles. 

However, no periodic banding could be envisioned on this scaffold. CS&NaYal and Coll&ORC 

scaffolds differ also in their capacity to sustain cell interaction. While cells assumed a typical migratory 

behaviors in the CS&NaYal scaffold by spreading into larger portions of the collagen matrix, they 

maintained a rather roundish shape and did not migrate significantly well in the Coll&ORC scaffold. In 

spite of the complexity of wound healing in vivo, and the variety of factors actually involved in the 

process, it is conceivable that the type of cell-to-matrix interactions envisioned in this study may 

represent the first step in a cascade of events leading to tissue remodelling. Given this possibility, the 

experimental conditions worked out in this study may constitute a first pivotal attempt to test additional 

cell parameters under conditions that could not be adequately controlled in vivo. 
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Over recent years, gold nanorods (GNRs) have emerged as a promising material in biomedical optics 

and have been proposed as contrast agents for the photothermal therapy and the photoacoustic imaging 

of tumors
1,2

. A pioneering approach to target tumors is the use of cellular vehicles, i.e. cells of the 

immune system that exhibit an innate tropism to tumors and that can be serve as Trojan horses
3,4

. This 

strategy relies on cell types, such as tumor-associated macrophages, mesenchymal stem cells or T cells, 

that are recruited by or naturally traffic to the microenvironment of tumors and that can be isolated from 

a patient and loaded with plasmonic particles in vitro. In this work, GNRs were synthesized and 

designed to combine high optical and photo-stability and the ability to accumulate into cells of the 

immuno system. Particles were PEGylated and conjugated with cationic moieties. Different cationic 

compounds were tested and the cell viability and uptake of the particles were studied on different cell 

types. The cytotoxicity test was based on a colorimetric WST-8 assay while the intracellular amount of 

gold and the optical absorbance of the cells were quantified by spectrophotometry. Moreover, we 

investigated the effect of GNRs on the cell migration and the production of cytokines in the presence of 

pro-inflammatory stimuli, which provide a functional overview on the feasibility of this approach to 

target tumors. 

These experiments allowed us to establish the best conditions to prepare multifunctional cellular 

vehicles displaying plasmonic features for photothermal and photoacoustic applications. 
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Low-density lipoprotein (LDL) isolated from the healthy human donors was modified with a GdDO3A 

derivative to create an MR-active nanoparticles. A DO3A derivative with an oleic acid anchor was 

synthesized and subjected to the intercalation to LDL lipid layer. Subsequent chelation reaction with 

Gd
3+

 and careful removal of non-specifically-bound toxic free Gd
3+

 successfully provided the modified 

LDL with a high payload (> 200 Gd
3+

 per LDL particle). Obtained MR-active LDL was characterized 

by ICP-MS, DLS, cryoTEM, and relaxivity measurements to show that individual LDL particles were 

dispersed well and with much higher r1 relaxivity per Gd
3+

 (20.2 mM
-1

s
-1

) compared to the clinically 

used Dadoteridol (small molecule GdDOTA, 3.8 mM
-1

s
-1

). The LDL particle was stable shown by DLS 

(for the aggregation) and ICP-MS analysis (for the free Gd
3+

 leakage). Finally, the Gd
3+

-LDL was 

injected to the atherosclerosis mouse model (ApoE
-/-

, fed with western diet) via tail vain and subjected 

to the MR imaging (24-48 hours post injection).  The visibly clear bright enhancement was observed 48 

hours after injection in the brachiocephalic artery of the mouse model which was corresponding to the 

atheroplaques taken together with the results of ex vivo study.  
 

 

Figure. Scheme of LDL modification, DLS and cryoTEM image of modified LDL, 

relaxivity of Gd
3+

-LDL and GdDOTA, and in vivo image of atherosclerosis. 
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Introduction. Atherosclerotic cardiovascular disease (ACD) is an artery degenerative disease resulting 

in plaques leading to stenosis, embolization and thrombosis; its origin derives from complex 

interactions among multiple factors including the genes encoding apolipoprotein E
1
. Currently, most 

imaging techniques are not able to clearly define plaque composition as a predictor of an acute event; a 

diagnostic tool aimed to stratify plaques with respect to different permeability (i.e. different risk of 

rupture) could help clinicians to predict the response to a drug-loaded nanosystem based therapy. 

Optical Imaging (OI) was adopted to study the endothelial local permeability in aortic-tree 

atherosclerotic plaques in ApoE
(-/-)

 mice. This model develops severe hypercholesterolemia and 

atherosclerosis, with characteristic and distribution similar to those observed in humans
2,3

.  Two agents 

were compared: human serum albumin conjugated with a fluorescent probe (HSA-Cy5) and the 

albumin-binder aminodeoxycholic acid conjugated with IRDye800CW (B26170). They were 

administered to ApoE
(-/-)

 mice and fluorescence signal was analyzed ex vivo in the excised aortic trees. 

Methods. ApoE
(-/-)

 mice were fed with a high-cholesterol diet from 6 weeks of age. Ex vivo OI images 

of aortic tree were acquired after intravenous administration of fluorescent probes and subsequent 

myocardial perfusion. Fluorescent signal was calculated as the ratio between regions of interest 

corresponding to atherosclerotic plaques and regions without lesions along the aortic tree. The selected 

tracts of aortic tree were then subjected to histological processing: serial plaque sections were stained 

either with hematoxylin-eosin (H&E) to evaluate plaque morphology and composition or by specific 

immune-staining in order to assess the content of macrophages and foam cells and endogenous mouse 

serum albumin.  

Results. OI and histological results were compared to find a correlation between the results of the two 

fluorescent probes and the plaque features. Using both HSA-Cy5 and B26170, the fluorescence ratio 

decreases with increasing plaque grade, in correlation with an advanced stage of development and 

subsequently loss of plaque permeability. Moreover: 1- the higher the fluorescent ratio, the higher the 

presence of macrophages and foam cells that characterizes the early stage of plaque development and 

the inflammatory status; 2- the higher the fluorescent ratio, the higher the content of endogenous serum 

albumin found in the plaques.  

Conclusions and Perspectives. The proof of concept obtained both with a fluorescent conjugated 

albumin (HSA-Cy5) and with an albumin-binder fluorescent probe (B26170) demonstrates the 

potentiality of albumin to stratify atherosclerotic lesions basing on different morphology and 

composition. Thus, translating to a clinical MRI application, the method could be proposed as a 

diagnostic tool, based on an analogue gadolinium-based albumin-binder contrast agent. This molecule, 

namely B22956/1, contains the same aminodeoxycholic residue present in the fluorescent B26170 

probe. In this sense, a stratification of the pathology performed by MRI and based on permeability of 

B22956/1 could allow clinicians to classify the plaque and to define a proper therapeutic regimen based 

on drug-loaded nanoparticles.  
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Microcalorimetry is the universal detector of heat. Since heat is generated or absorbed in every 

chemical process, microcalorimetry is a super-versatile technique for characterize interactions. Of all 

the techniques that are currently available to measure binding, isotherm titration calorimetry (ITC) is the 

only one capable of measuring not only the magnitude of the binding affinity but also the magnitude of 

the two thermodynamic terms that define it (Enthalpy and Entropy). 

Nanoparticles offer several advantages as drug delivery systems. Efficient nanoparticles formulations 

should combine a number of different properties such as efficient drug loading, controlled drug release, 

stealthiness and drug targeting. This can be achieved by the design of nanoparticles bearing different 

functionalities at their surface.  

Thanks to the universality of the technique, ITC provides a widely applicable method for monitoring 

nanoparticle drug delivery systems development in a label-free environment and so it represent a 

powerful technology for use in drug discovery, drug delivery, pharmaceutical formulations as well as 

the study of NPs interaction with living system. Applications of this innovative approach will be 

presented. 
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More than 50% of the approved drugs are poorly water soluble according to the Biopharmaceutic 

Classification System (BCS). Polymeric micelles (PMs) represent a nanotechnology platform largely 

used to solubilize and stabilize drugs and increase their oral bioavailability (1). However, a main 

challenge is preventing the disassembly of PMs under dilution in the body fluids, which leads to 

uncontrolled release of the encapsulated cargo. This study investigates a new amphiphile architecture, 

namely core-anchored PMs, to improve the physical stability and performance of these nanocarriers. In 

this framework, carboxylated nanodiamonds (cNDs) and carboxylated red fluorescent nanodiamonds 

(rFNDs) were used as molecular anchor for the conjugation of amphipathic methoxy-poly(ethylene 

glycol)-b-poly(epsilon-caprolactone) diblocks (MPEG-PCL). Characterization conducted by TGA, 

FTIR and 
1
H-NMR confirmed the conjugation of amphiphiles to the surface of both inorganic 

nanoparticles. In addition, TEM revealed the presence of a thick polymeric layer (Figure 1). Dynamic 

light scattering and nanoparticle tracking analysis were used to measure the size and the stability of the 

nanoparticles in water. Cell viability was evaluated in Caco2 cell line, an in vitro model of the intestinal 

epithelium. Encapsulation of anti-helmintic drug nitazoxanide (NTZ) increased from 11 to 500 µg/mL 

in a 0.4% w/v system, reaching 12.5% w/w drug loading. Results support the feasibility of this strategy 

for the development of more robust nanotechnology platforms for drug delivery.  

 

 

 

 

 

Figure 1. TEM micrograph of pristine (a) cNDs, (b) MPEG-PCL-modified cNDs, (c) pristine rFNDs and (d) 

MPEG-PCL-modified rFNDs. Scale bar: (a,b) = 20 nm; (c,d) = 10 nm. 
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Amphiphilic PLGA-g-PVP copolymers with different PLGA and PVP content were recently obtained 

by the radical polymerization of 1-vinylpyrrolidin-2-one in liquid poly(lactic-co-glycolic acid) (PLGA) 

(50:50) at 100°C 
1
. Saponification of the PLGA portion allowed isolating the PVP side chains and 

measuring their molecular weight, which turned to be lower than the threshold for glomerular filtration. 

The orthogonal solvent pair ethyl acetate-methanol gave PLGA-g-PVP fractions with different PLGA 

and PVP content. Following the same procedure, PLGA/PVP blends gave the two homopolymers. 

PLGA-g-PVP and PLGA/PLGA-g-PVP blends, but not PLGA/PVP blends, gave long-term stable 

nanodispersions in water 
1
.  

In this work, PLGA-g-PVP copolymers were employed to obtain novel artemisinin and curcumin 

formulations. Both drugs are endowed with potential and pitfalls for malaria treatment. Artemisinin is a 

potent Plasmodium falciparum malaria parasite inhibitor (IC50 = 10
-8

 - 10
-7 

M) but with low 

bioavailability, poor pharmacokinetic properties and high cost 
2
. Curcumin inhibits the growth of P. 

falciparum with a dose dependent trend and IC50 = 5 μM. Despite the absence of secondary effects in 

humans, the use of curcumin is limited by the low solubility in water, the high chemical instability and 

photosensitivity, resulting in low bioavailability
3,4

. To increase bioavailability, artemisinin and curcumin 

were loaded into nanocapsules consisting of a biocompatible oily core acting as drug solvents, and a 

PLGA-g-PVP shell. Loaded nanocapsules were characterized in terms of morphology, physico-chemical 

properties and release tests. In particular, transmission electron microscopy (TEM) showed spherical 

morphologies and dynamic scattering measurements (DLS) revealed size in the range 50 - 100 nm. The 

encapsulation efficiency was very high with both drugs and in the case of artemisinin it approached 

100%. All formulations showed long-term shelf stability in aqueous solution. In vitro activity tests as P. 

falciparum inhibitors are currently in progress. 
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(+)-Usnic acid (UA) is a natural compound that exerts a potent antibacterial and antitumoural activity.
1
 

However, its clinical application is limited by its scarce solubility in water.
2
 UA was included in 

glucosylated liposomes. The investigated liposome formulations were composed of an unsaturated 

natural phospholipid, 1,2-dioleoyl-sn-glycero-3-phospholcholine (DOPC), cholesterol and one of the 

two glucosylated amphiphiles 1 and 2 reported in Figure 1 that differs for the length of the hydrophilic 

spacer linking the glucose residue to the quaternary nitrogen. The size, the size distribution and the 

surface potential of the formulations were determined by DLS measurements and fluorescence 

measurements, respectively. 

The activity of UA-loaded liposomes versus sessile growing bacteria was evaluated on a 24 h-old S. 

epidermidis biofilm grown on glass slides (10x10 mm). UA loaded in liposomes showed a stronger 

antimicrobial activity against biofilms of Staphylococcus with respect to free UA. 

 

 

 
 

Figure 1. Molecular structure of 1, 2 and (+)-usnic acid  
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2. I. Francolini, P. Norris, A. Piozzi, G. Donelli, P. Stoodley, Antimicrob. Agents Chemother., 2004, 

4360. 
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Introduction. Drug-induced gingival overgrowth (DIGO) is an oral disease that is detrimental to oral 

function and facial appearance; among them antiepileptics (i.e valproic acid) can increase the number of 

fibroblasts within gingival tissues (1). 18-β Glycyrrhetinic acid (GA) (a compound derived from 

liquorice) inhibits cell proliferation via cell cycle arrest and induction of apoptosis (2), and it has been 

demonstrated that could be used to treat Human Gingival Fibroblasts (HGFs) derived from DIGO 

patients (3). The aim of our study is to develop a delivery system able to provide a controlled release of 

GA in HGFs in vitro. For this purpose, we have selected polymeric nanoparticles (NPs) to enhance in 

situ release of GA, overcoming its poor solubility.  

Materials and Methods. Preparation of drug-loaded NPs: GA-loaded Poly-d,l-lactide-co-glycolide 

(PLGA) NPs were produced by using a one-step osmosis based methodology (patent Sapienza 

University n° RM2004A000555) and were successively coated with chitosane (CS) (4). Drug loading 

evaluation: The drug content of GA-loaded NPs was measured using a spectrophotometric method. NPs 

were dissolved in chloroform and the drug concentration was determined by measuring the absorbance 

of the solution at λ= 246 nm. Dynamic Light Scattering (DLS) Analysis: DLS experiments were carried 

out with a Zetasizer Nano S (Malvern Instruments, Malvern, U.K.) equipped with a 4 mW He-Ne laser 

(633 nm). Peak intensity analysis was used to determine the average hydrodynamic radius of the 

scattering particles. All samples were prepared at 0.1
 
mg/mL in filtered PBS. Isolation and culture of 

HGFs: Cells were obtained (with informed consent) from patients subjected to gingivectomy of the 

molar region.  The specimens were plated in tissue culture flasks with complete DMEM, at 37°C, 5% 

CO2 atmosphere. The HGFs were used before the fifth passage. Cytotoxic Assay: 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) test was used to determine the GA 

concentration value able to provoke cytotoxicity. Statistical Analysis: Data were expressed as mean ± 

SD. Analysis was performed by ANOVA, p<0.05 was assumed significant. 

Results. The mean diameters of NPs was 200 nm with a GA content value of 26 µg/mg PLGA. No 

cytotoxic effect was observed in the presence of NPs. The toxic effect of GA was observed at 

concentration values higher than 100 µmol/L. 

Conclusions. Such formulations seem very promising for reducing cell proliferation in vitro, even if 

further studies will be needed to determine the concentrations of GA able to reduce the proliferation of 

HGFs derived from patients with DIGO pathology. 
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The search for new antimicrobial drugs to replace the presently dominating drug products and integrate 

with traditional chemotherapy, minimizing antibiotic use and bacterial resistance, is becoming 

imperative. One possible strategy to defeat microbial resistant strains is to explore the efficacy of a large 

class of biomolecules that are already available in nature: the antimicrobial peptides (AMPs). In this 

respect, we selected a natural AMP, eumenitin (E) from wasp venom, as its supposed mechanism of 

action is related to the disruption of the bacterial cell membrane. On the other hand, the efficacy of 

antimicrobial therapeutics is not only merely due to the mechanism of molecular interaction between 

drug and its target, but also to the effectiveness of drug delivery. This is particularly true for an 

approach mediated by intrinsically short-lived biomolecules such as AMPs. Moreover, considering that 

the most threatening form of microbial life is represented by the biofilm, a polymeric complex matrix 

that confers a strong resistance towards antibiotic drugs, a prerequisite for a successful approach is the 

ability to create a long-lived scaffold, able to present the desired AMPs. Virus like particles (VLPs), that 

are obtained by the self-assembly of viral selected proteins (in our case the VP6 from human rotavirus 
1
), are in this sense a new and potent technology to be pursued. Indeed it is possible to spatially co-

localize active peptidic epitopes realizing recombinant VP6 mutants exposing the desired AMPs at the 

C-terminus, and let them rearrange as VLP-AMP units. Finally, this intrinsically powerful feature may 

be enhanced by the contemporary administration of selected mucolytic substances (N-acetyl cysteine), 

using the interior cavity of the VLP as a nanocarrier, in order to favour a specific release as a 

consequence of an enhanced proteolysis activity in the proximity of the infection. The antimicrobial 

activity against specific pathogens of these functionalized VLPs-E in the presence or not of N-acetyl 

cysteine is shown. 
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Thymidylate synthase, thymidine phosphorylase (TP) and dihydropyrimidine dehydrogenase are three 

proteins involved in the metabolism of pyrimidines and are the target of a potent chemotherapeutic 

agent, 5-fluorouracil (5-FU), widely employed in the treatment of some of the most frequently 

occurring malignant tumors (breast, colon, and skin cancer).
1
 Their presence or their absence in 

biological fluids is indeed related to a specific state of health and their easy and fast detection is a 

problem of major concern. In fact, there is an urgent the need for a rapid and accurate method for dosing 

of the activity of these enzymes before and during 5-FU treatment to reduce its sever side effects and 

increase its efficacy.  

Recently, there is a growing interest in polydiacetylene (PDA)-based materials for sensing applications 

because of their optical properties that make them sensitive to external stimuli.
2
 Among them, PDA 

liposomes are one of the most investigated systems.
3
 Here we report the results obtained investigating 

the capability of the different specific PDA liposomes to give a colorimetric response upon the 

interaction with TP, one of the target enzymes of 5-FU. Liposomes were formulated with 10,12-

pentacosadiynoic acid in the presence or in the absence of 1,2-dioleoyl-sn-glycero-3-phosphocholine or 

1,2-dimirystoyl-sn-glycero-3-phosphocholine. To make them specific for TP, one of the two non-ionic 

surfactants 1 and 2 reported in Chart 1 were included in the formulation: in these molecules 5-FU is 

linked to an hydrophobic chain containing the diacetylene moiety by polyoxyethylenic spacers of 

different length; they can be easily embedded in liposome bilayers, polymerize upon irradiation and, 

thanks to the presence of 5-FU, promote the change of color of the solution upon the specific interaction 

with TP.  

 

 

Chart 1. Molecular structure of non-ionic diacetylenic 

surfactant 1 and 2. 
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We recently set up freestanding nanocomposite scaffolds combining the biocompatibility of a poly-L-

lactic (PLLA) matrix with the peculiar electrical, mechanical and chemical properties of carbon 

nanotubes (CNTs) and such scaffolds, together with biomimetic peptides derived from the extracellular 

domains of Cell Adhesion Molecule (CAM) and Extracellular Matrix (ECM) proteins, proved 

functional in boosting neuronal differentiation of SH-SY5Y cells (derived from human 

neuroblastoma)
1
. Then, neuronal differentiation could be further improved by using electrospun 

scaffolds
2
. In this work, we isolated and characterized a population of human circulating multipotent 

cells (hCMCs) presenting a high degree of stemness and a multidifferentiative potential. Such 

peripheral blood stem cells represent an attractive option in regenerative medicine applications as they 

are free from ethical restrictions, allow safe autologous transplant and are easily accessible. In order to 

recapitulate natural tissue features and cues providing hCMCs with information for controlling their 

neuronal differentiation, we used CNT-based nanocomposite scaffolds, which mimic the 

electrical/nanotopographical features of the neural environment, and biomimetic peptides reproducing 

axon guidance cues from neural proteins. Such combined stimuli could induce and boost differentiation 

of hCMCs towards neuronal lineage despite the absence of exogenously added, specific growth factors. 

This study suggests the scaffold-peptide system combined with autologous stem cells such as hCMCs 

could be a functional biomimetic and self standing prototype for neural regenerative medicine 

applications. 
 

 
 

Figure 1. Circulating multipotent cells (hCMCs) are isolated by density gradient separation 

from human peripheral blood collected from healthy volunteer donors; phenotyping and cell 

differentiation assays demonstrate the stemness degree and multidifferentiative potential for 

hCMCs. When seeded onto nanocomposite scaffolds (see abstract from Vicentini et al. for 

details on the scaffolds), hCMCs are committed to the neuronal lineage, and biomimetic 

peptides can boost their neuronal differentiation. 

 

1. G. Scapin, P. Salice, S. Tescari, E. Menna, V. De Filippis, F. Filippini, Nanomedicine, 2015, 11, 621. 

2. N. Vicentini, T. Gatti, P. Salice, G. Scapin, C. Marega, F. Filippini, E. Menna, Carbon, 2015, 95, 725. 

63 
 



 

P 8 NANOMEDICINE VITERBO 2016 

 

Determination of free ICG in fluorescent SLNs formulation 

Mariangela Boccalon,
a
 Zsolt Baranyai,

a 
Simona Ghiani,

b
 Alessandro Maiocchi 

b
 

a 
CRB/Discovery, Bracco Imaging SpA, S.S.14 Km 163.5, 34149, Basovizza, Trieste, Italy;  

b 
CRB/Discovery, Bracco Imaging SpA, via Ribes 5, 10010, Colleretto Giacosa, Torino, Italy.  

Email of presenting author: mariangela.boccalon@bracco.com 

Indocyanine Green (ICG) is an FDA-approved fluorescent probe which has been characterized by the 

fast metabolic clearance via the liver. Because of the efficient hepatobiliary excretion, which prevents 

the selective accumulation of ICG in specific pathological site, ICG has been mainly used for the 

examination of the hepatic function and the blood flow with optical imaging in ocular angiography.  

By taking into account the fluorescent properties of the proposed optical imaging probes, ICG is one of 

the most  promising candidate for the detection of different tumors and lymph nodes  with the high 

sensitivity in the clinical fluorescence imaging applications. However, ICG molecules in aqueous 

solutions can take place in aggregation processes via the formation of dimers, trimers and tetramers 

which have been characterized by different optical properties.
1
  

In order to avoid the aggregation processes and the fast clearance from the blood stream, ICG has been 

encapsulated by Solid Lipid Nanoparticles (SLNs) which are characterized by the longer residence time 

in the living system.
2
 SLNs have a supramolecular structure based on the tripalmitin solid core covered 

by phospholipid shell which can incorporate the ICG molecules. However, it could be possible that the 

incorporation of ICG molecules is not optimal during the formulation: it is likely that small amount of 

ICG remains outside of SLNs, which can also release ICG molecules during the elapsing time. Thus, in 

order to optimized the preparation process and quantify the release of ICG during the time, an analytical 

method for the quantification of ICG in the external phase of SLNs formulation is required.  

Herein we report the analytical methods that have been developed for the separation and quantification 

of the ICG by CE (Capillary Electrophoresis) and SEC (Size Exclusion Chromatography). 

 

 

Figure 1. Schematic representation of ICG-SLN in presence of ICG free. 
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Pulmonary delivery is the preferred route of drug administration in the treatment of many respiratory 

disease, such as asthma and chronic obstructive pulmonary disease (COPD). 

Over the years, several kinds of carriers have been studied for sustained release of corticosteroids and 

bronchodilators to the lungs. Solid Lipid Microparticles (SLM) due to their biocompatibility and size 

(3-5 µm) can reach the bronchial epithelium directly, circumvent first pass metabolism and avoid 

systemic toxicity 
1,2

. 

In this work we describe the preparation and the characterization of two different systems subjected to 

chitosan and alginate coating for sustained release of fluticasone propionate (FP) into the lungs. The 

presence of mucoadhesive polymers allows SLMs to adhere better to the mucous layer on the 

respiratory epithelium as compared with conventional carriers. The obtained systems are characterized 

in terms of size, polydispersity index (PDI), zeta potential and morphology. We also evaluated the 

loading capacity (LC) as well as the kinetics release.  

Afterwards, we evaluated the cytotoxicity in vitro of the free FP or entrapped into SLMs and empty 

microparticles by MTS viability assays on 16-HBE (human bronchial epithelial cells) cell lines. Neither 

FP-loaded SLMs nor empty SLMs at the different tested concentrations showed cytotoxicity compared 

to the free FP. Finally, we tested the effect of CSE (cigarette smoke extract) in ROS production by 

bronchial epithelial cells evaluating the expression of survivin and p-erk/tot-erk ratio. FP-loaded SLM 

significantly reduced survivin expression and p-erk/tot-erk expression ratio. 

 

 

 

 

 

 

 

 

 

 
Figure 1. SEM images of FP loaded alginate SLM (A) and FP loaded chitosan SLM (B) 
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Over the last decade, gene therapy has gained enormous attention as a therapeutic strategy for a large 

number of pathologies including genetic, neoplastic and infectious diseases. Gene therapy consists in 

any procedure intended to treat or alleviate a disease by genetically modifying the cell of a patient. In 

particular, fragments of DNA or RNA are delivered into specific cells in order to modulate the 

expression or suppression of specific altered proteins involved in the onset of the disease 
1
. 

The aim of this study was to investigate the potential of cationic solid lipid nanoparticles (cSLNs) to 

deliver and transfect shNUPR1 plasmid into cancer  liver cells for application in hepatocellular 

carcinoma (HCC) therapy. NUPR1 is a small multifunctional protein whose expression is increased in 

HCC tissues and has been shown to control HCC cell growth, proliferation, migration, invasion and 

response to chemotherapy. For all these reasons NUPR1 might be a protein whose blockade would 

prevent HCC progression and metastasis development. In the present study, different positively charged 

nanocarriers were prepared, characterized and complexed with a plasmid DNA. The biocompatibility of 

the particles and their complexes were confirmed by hemolysis assay (Figure 1) and the cytotoxicity 

studies were carried out on the human hepatocellular carcinoma cell line Hep3B. Finally, the 

nanoparticles showed to protect shNUPR1 plasmid from degradation by DNase I and to transfect it into 

Hep3B cells.  

These findings suggest that these systems can be considered quite biocompatible and this feature opens 

new scenarios for the use of this class of biocompatible cationic nanomaterials for biomedical 

applications, such as gene delivery. 
 

 

Figure 1. Haemolysis test results after incubation of the cSLNs samples (empty or 

complexed with the shNUPR1 plasmid) with red blood cells for 1 hour at 37 °C.  
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The functionalization of liposomes with glycolipids might ascribe them specificity toward cancer cells 

overexpressing GLUT family members correlated with invasive potential, survival and uncontrolled 

proliferation.
1
. Liposomes composed of 1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC) were 

functionalized with the glucosylated lipids reported below, and evaluated on three human breast cancer 

cell lines expressing GLUT1 and GLUT 4 receptors. The uptake and intracellular distribution of the 

different liposomes, labeled by a fluorescent lipid, were analyzed by flow cytometry and laser scanning 

confocal microscopy (LSCM), respectively. Flow cytometry analysis showed that uptake efficacy 

depends on cell type and that DMPC/GL3 7:3 formulation was more efficiently uptaken by all three 

breast cancer cell lines. The observations performed by LSCM showed different intracellular 

localizations of liposomes (Figure 1). 

 

a	 b	 c	 e	d	

 

Figure 1. Observations by laser scanning confocal microscopy of SKBR3 breast cancer cells treated 

with different liposome formulations for 18 h.  (a) DMPC; (b) DMPC/GL2 95:5; (c) DMPC/GL4 

95:5; (d) DMPC/GL3 95:5; (e) DMPC/GL3 7:3.  
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Polymeric micelles (PMs) were introduced to address the poor water solubility of about 50-70% of the 

marketed drugs as well as the ones that are still being developed. In this context, the amphiphilic 

poly(ethylene oxide)-poly(propylene oxide) (PEO-PPO) block copolymers emerged as one of the most 

promising families. However, their relatively low physical stability is jeopardized under extreme 

dilution. Moreover, they are incapable of actively targeting specific cell types. Aiming to improve the 

micellization and to increase the uptake by cells expressing sugar receptors, we investigated the 

synthesis and characterization of PMs surface-decorated with sugar residues of growing size employing 

two different chemical pathways. Microwave-assisted ring-opening conjugation of gluconolactone and 

modification with lactobionic acid using the conventional Steglich esterification reaction 
1,2

. Also, a 

combination of the two pathways was investigated to obtain a hybrid product. The improved self-

assembly was verified by the decrease in the critical micellar concentration. First, the binding of the 

micelles to sugar receptors was demonstrated in vitro by the concanavalin A agglutination assay. Drug 

encapsulation in pristine and modified PMs was studied with two hydrophobic drugs with similar 

structure and different melting temperature and intrinsic aqueous solubility. The solubility of the drugs 

in water increased by several hundred-folds. Then, the interaction of the micelles with the clinically 

relevant sugar-binding cells was assessed. Features such as cell compatibility and uptake mechanism in 

the presence of the pristine and modified PMs with and without the drug were evaluated.  
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The relevance of nanoparticle-protein interaction extends nowadays over different research fields. We 

have investigated the behaviour of citrate stabilized gold nanoparticles (AuNP) with β-2microglobulin 

(β2m) which is a paradigmatic system of amyloidogenic proteins. β2m itself is the protein responsible 

for dialysis related amyloidosis (DRA) affecting long-term hemodialysed individuals by aggregating in 

insoluble fibers that deposit on tissues.
1 

NMR experiments have shown that the overall globular structure of the protein is conserved in the 

presence of AuNP and that there is a region of β2m that is more involved in the interaction with the 

particle surface.
2
  

To investigate the influence of AuNP on the fibrillation process of β2m, we used a naturally occurring 

mutant, namely D76N, which is responsible for an aggressive systemic amyloidosis.
3
 We analyzed the 

fibril formation by three different methods: thioflavin T fluorescence, native agarose gel electrophoresis 

and transmission electron miscroscopy. Our results indicate that AuNP are able to hamper D76N 

fibrillogenesis through an effective interaction that competes with protofibril recruitment.  

These findings open the perspective for applications of functionalized gold nanoparticles as highly 

specialized chemical surfaces that can be employed for multiple purposes including therapeutic and 

diagnostic applications. 
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Mitochondrial delivery of drugs is a key issue for the treatment of several diseases related to oxidative 

stress, but it is hampered by the peculiar structure of the two mitochondrial membranes. With the final 

goal of delivering resveratrol and trolox, two well-known antioxidants (AO), we developed a 

mitochondriotropic liposome-based drug delivery system with a core-shell structure, composed of  

i) mixed liposomes, formulated with a natural phospholipid (1,2-dioleoyl-sn-glycero-3-

phosphocholine, DOPC, or 1,2-dipalmitoyl-sn-glycero-3-phosphocholine, DPPC), the cationic 

triarilphosphonium bolaamphiphile 1 and cholesterol, if need be. Because of the extended 

delocalization of the positive charge on the headgroups, 1 should favor the crossing of the 

mitochondrial membranes guided by the negative potential of the inner membrane;  

ii) a biocompatible polymer coating (BC), decorating the liposome. The BC, composed of polymers 

such as chitosan and dextran, is able to tune the surface properties, as charge, hydrophilicity and, 

more interestingly, it opens the possibility to specific functionalize liposome surface with proper 

moieties for the targeting of specific cells. Such a coating is also supposed to help liposomes to reach 

undamaged the cytosol and, finally, mitochondria.  

Two different protocols, i.e passive loading in the lipid bilayer and active loading in the internal 

aqueous phase by the acetate gradient method,
1
 were explored to load the antioxidant into liposomes. 

The entrapment efficiency (EE) of the antioxidants was determined by HPLC (resveratrol) or UV 

spectroscopy methods. 

 

 

AO

BC
1

Liposome-based DDS
 

Figure 1. Representation of the liposome-based drug delivery system and chemical 

structure of the bolaamphiphile 1 
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Micro/nanoparticles are being increasingly used in drug delivery systems and can be designed to have a 

chemically and biologically active surface with functional groups for conjugation of tumor targeting 

ligands and therapeutic agents. The use of micro/nanoparticles offers many advantages. First of all, their 

size and surface characteristics can be easily manipulated and this could be used for both passive and 

active drug targeting. Moreover, they can be designed to control and sustain release of the drug during 

the transportation as well as the location of the release. In addition, polymeric nanoparticles have 

emerged as a versatile nanotechnology platform for controlled, sustained and targeted delivery of 

anticancer agents including small molecular weight drugs and macromolecules such as genes and 

proteins. They offer the advantage of prolonged circulation in the blood stream, targeting to specific 

sites, and reduced side effects.  

To trigger and control the delivery of the drug at a specific tumor site, different stimuli can be applied 

such as ultrasound, magnetic or electric fields. To this aim, in this study, ultrasound-responsive 

micro/nanoparticles have been developed to release drug content in response to an acoustic stimulus. 

Recently, polymer-shelled microbubbles (LSMBs) and microcapsules (LSMCs) have been synthesized 

by high-intensity ultrasound-induced emulsification and self-cross-linking of lysozyme and thiolated 

poly methacrylate in an aqueous solution polymer-shelled (1, 2). LSMBs and LSMCs may provide drug 

payload capacity and a large surface for conjugation of targeting ligands.  

As well known, biological reducing agents (such as glutathione, GSH) are present at higher 

concentration in tumor cytosol than in normal tissues. Based on this finding, redox shell-sheddable 

polymeric capsules possess great prospective for anticancer drug release because they are stable in the 

extracellular environment but able to rapidly respond to the intracellular GSH, releasing drugs into the 

cytosol and nuclei. For this purpose we have developed a delivery system for breast cancer cells using a 

redox-active microcapsules based on thiolated polymethacrylic acid (PMASH) (3). The interaction of 

LSMBs, LSMCs and PMASH with human breast adenocarcinoma cells (SKBR3), as well as their 

biocompatibility, kinetics of uptake and intracellular degradation, have been evaluated.  

Data obtained in our study strongly suggest that LSMBs, LSMCs exhibit a strong adhesion on SKBR3 

surface and an efficient internalization without inducing cytotoxic effects. PMASH capsules loaded with 

doxorubicin are efficiently internalized by the cells and could inhibit their viability through the release 

of drug at long incubation times, suggesting that antitumoral drug maintained its activity even if 

conjugated to a polymer by a non-hydrolyzable linkage. These results highlight the potential uses of 

these responsive platforms suited for biomedical and pharmaceutical applications.  
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5-Fluorouracil (5-FU), is widely employed as chemotherapic agent in the treatment of malignant tumors 

such as head, neck, breast, ovarian, and colon cancer. The main toxicities of 5-FU are stomatitis, 

diarrhea, dermatitis, and myelosuppression. Cancer patients who are receiving 5-FU treatment can 

develop severe side effect as neurologic toxicity that very often requires admission to intensive care 

unit. A strategy to reduce the therapeutic dose and improving the anticancer action of 5-FU concerns the 

use of drug delivery systems based on biodegradable colloidal particles, such as polymeric particles and 

liposomes.  

The synthesis, the physicochemical characterization and the biological evaluation of three new non 

ionic amphiphilic derivatives of 5-FU 1-3 (Figure 1), designed to be easily embedded in liposomal 

bilayers, are here reported. The novel 5-FU derivatives were included in liposomes composed of a 

natural phospholipid, dioleoyl-snglycero-phosphocholine (DOPC, Figure 1), and of gemini cationic 

amphiphile 4, (Figure 1) that had been shown to attribute to phospholipid formulations high efficacy in 

drug delivery (1). The cytotoxicity of the formulations was evaluated by 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyltetrazolium bromide (MTT) assay on colorectal carcinoma HCT116 cell line after 48 h of 

treatment. The formulations were found active against HCT116 tumor cells, and it was shown that the 

efficacy of the treatment increases as a function of the length of the polyoxyethilenic segment of the 5-

FU derivatives, while the polyoxyethilenic chain itself has no influence on their biological activity. 

Ongoing studies by flow cytometry and confocal microscopy on the mechanism of interaction with cells 

and internalization will clarify the mechanism of action of the new formulations. 

 

 
 

Figure 1. Schematic representation of results. 
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In a 1964 Disney musical classic, Mary Poppins sang that "A spoonful of sugar helps the medicine 

down in a most delightful way", which was not far from the truth. Sugars are ubiquitous in nature and 

intervene in a wide range of biological activities.
1
 From a pharmaceutical point of view, they exhibit 

interesting properties such as low toxicity, biocompatibility, stability, low cost, hydrophilic nature, and 

availability of reactive sites for chemical modification. One area with great potential is the use of 

glycopolymers as vehicles for therapeutics or as therapeutics themselves.
2
 

Recent advances and progress in nanoscience have demonstrated the great potential of nanomaterials for 

application in healthcare.
3
 Essentially, if a material is divided into very small particles, these will cast a 

much larger shadow. In the field of drug delivery, nanomedicines have been used in vivo to protect 

drugs from being metabolized by the body´s natural defenses, and to enhance its bioavailability in the 

bloodstream. In particular smart nanoparticles have received remarkable attention due to their 

responsiveness to specific stimuli, making them promising candidates for more accurate and 

programmable drug delivery.
4
 

During the last decade, there have been many attempts to integrate sugars in nanomaterials.
5
 

Glyconanoparticles were used as carriers with high affinity and binding specificity due to the 

multivalent interactions between surface sugar ligands and targeted receptors. 

On this light, novel sucrose-based polymeric nanoparticles 
6
 and mesoporous silica nanoparticles with a 

shell of stimuli-responsive glycopolymers were designed and synthesized to tune their targeting and 

blood circulation behavior, and provide controlled drug release. It is expected that our new materials 

will provide a platform for further developments in the area of precision drug delivery. 
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2-Hydroxyiminoaldehydes (HIA, Figure 1) are a class of organic molecules bearing an oxime group 

next to an aldehyde moiety. These two adjacent groups and their mutual interaction endow HIAs with 

peculiar physico-chemical properties of interest for biomedical applications, particularly in the field of 

nanomedicine. These properties are an unusually low pKa for an oxime; accessible oxidation potentials 

for their conjugated bases; inter- and intramolecular hydrogen bonding, together with a thermally-

reversible photoisomerization behavior driven by the oxime group. By varying the substituent R, HIAs 

can be designed as adjuvants in drug release systems, as self-assembling amphiphiles for stimuli-

responsive liposomal formulations, as monomers for multi-stimuli responsive polymeric micelles and 

polymerosomes, or as ligands for metal cations. In this work, a convenient aldehyde -oximation 

method, developed in our laboratory (1), was applied to the synthesis of HIAs with different R groups 

(Figure 1). Their pKa, redox potential, UV-Vis spectra were then investigated. pKa values were in the 

7.7-9.9 range, i.e. about 3 units lower than the corresponding oxime, devoid of the -aldehyde group. 

Oxidation potentials for the oximate ion of HIAs were quasi-reversible and lower than 1V vs NHE. A 

bathochromic shift and a hyperchromic effect were observed in the UV-Vis spectra of the conjugated 

bases of HIAs. As for their photochemistry, we confirmed that the relative abundance of different 

configurational isomers is altered upon exposure to light (350 nm), and we observed that this 

phenomenon, and the rate at which it is thermally reversed, are a function of the R group. In the case of 

a long-chain, branched HIA we observed its liposome-forming quality, both as a stand-alone 

amphiphile, and in combination with a surfactant. We also explored the ability of a methacrylic-

containg HIA to withstand conditions for a radical polymerization, and found AIBN to be a compatible 

initiator. 
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Figure 1. 2-hydroxyiminoaldehydes (HIAs) and their properties 
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Artemisinin-based combination therapy (ACT) is the WHO recommended gold standard treatment for 

uncomplicated and severe malaria. Among the artemisinin derivatives Arteether (ART) exhibits high in 

vitro efficacy against plasmodium and is available as oily intramuscular injection to be administered in 

3 doses for consecutively 3 days. In the present study we report a new ACT of Arteether with 

Lumefantrine (LUM). The objective of the present study was on one hand development of this new 

ACT as single shot therapy and also to establish the antimalarial efficacy in vivo in a preclinical mouse 

model. A stable in situ gel of ART-LUM which exhibited rapid gelling following injection and 

controlled release of the drug over three days was developed as a patient friendly formulation. In vivo 

evaluation was carried out using two models namely modified Peter’s 4 day suppressive test and the 

clinical simulation model in male swiss mice infected with lethal ANKA strain of Plasmodium berghei. 

The innovator formulation of Arteether was taken as reference administered at therapeutic dose of 

3.2mg/Kg for consecutively 3 days. A single dose of the in situ gel of ART-LUM (1:6) was 

administered at different dose levels starting at Artether 3.2mg/Kg with LUM 19.2 mg/kg followed by 

dilutions up to 1/10 to 1/160. While the marketed formulation showed recrudescence and 100% 

mortality within 20 days,  the in situ gel conferred complete protection at 1/40 therapeutic dose in the 

Peter’s 4 day suppressive  test (P<0.01). In the clinical simulation study the marketed formulation 

showed initial clearance followed by relapse after 5 days and 100% mortality within 15 days. The in 

situ gel of ART-LUM at 1/40 dose evident 92.65% inhibition of parasites and 62 % survival after 30 

days (P<0.05). Although in situ gel of ART-LUM at therapeutic dose and also at lower dilutions 1/5-

1/20 dose level caused rapid reduction in parasitemia with no recrudesce of the parasites till day 45. The 

clinical simulation study suggests that 1/20 dose of ART-LUM equivalent to ART 0.16 mg/Kg and 

LUM 0.96mg/Kg in situ gel given as a single dose was sufficient to cure the mice and allow 100% 

survival. The high antimalarial efficacy exhibited by the ART-LUM in situ gel proposes the same as a 

promising and superior drug delivery system for ACT. 
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Photodynamic Therapy (PDT) is based on the administration of a photosensitizing agent (PS) that 

generates mainly the highly reactive singlet oxygen (
1
O2), leading to oxidative damage and cell death. 

However, many PSs have a hydrophobic nature, which favors their aggregation in aqueous medium 

strongly precluding their photochemical behavior.
1
 The entrapment of PS in nanocarriers permits to 

overcome these drawbacks and ensures protection from degradation, site-specific delivery, enhanced 

bioavailability, increased local concentration. Combination of PDT with other photogenerated cytotoxic 

species such as nitric oxide (NO) is particularly attractive, as NO possesses excellent anticancer and 

antibacterial properties. 
1
O2 and NO are able to react with different biological substrates, do not suffer 

multidrug resistance problems and, due to their short half-life in blood (<1s), lack of charge and small 

sizes, they can diffuse in the cellular environment over short distances (<200 μm), confining their 

region of action and reducing side effects. Moreover, since the NO photorelease from NO photodonors 

is independent from O2 availability it can potentially very well complement the 
1
O2 effects at the onset 

of hypoxic conditions typical of some tumors and infections by anaerobic bacteria.
2 
Synthetic versatility 

and good biocompatibility are crucial requisites which make the calixarene macrocycles appealing in 

pharmaceutical and biomedical field.
3
 In the search of novel antibacterial strategies designed to 

simultaneously address problems of antibiotic resistance and biofilm formation, we achieved the first 

example of calixarene (CA)-based nanocontainers incorporating multiple photoresponsive agents (Fig. 

1). The capability of the obtained nanosystems to generate 
1
O2 and/or NO upon to irradiation was 

investigated directly and in real time by means infrared luminescence spectroscopy and 

photoamperometric techniques. The light-stimulated bactericidal effect was successfully tested on Gram 

positive and Gram negative bacteria. Enhancement of NO photorelease, due to the action of the CA 

assembly as a nanoreactor, size, and the presence of targeting groups on the surface of CA the open new 

perspectives for antibacterial application in nanomedicine. 

 

 
Figure 1. Schematic representation of a CA-based photoresponsive nanosystem. 
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Curcumin is yellow polyphenol, extracted from the rhizomes of turmeric (Curcuma longa) and used in 

traditional medicine for many centuries in countries such as India and China (1). Curcumin 

demonstrated a wide range of pharmacological activities that include antitumor, anti-amyloid, 

antioxidant, anti-inflammatory properties and analgesia. At present, no data are reported in the literature 

on the antinociceptive effects induced by curcumin loaded in PLGA vesicles (PLGA-CURC) and we 

investigated first the effects of PLGA-CURC in acute models of pain after systemic and central 

administration. Male CD-1 mice (Harlan, Italy) weighing 25-30 g were used for all experiments. The 

research protocol was authorized by the Italian Ministry of Health, according to Legislative Decree 

26/14. Subcutaneous injection of a dilute solution of formalin (1%, 20 μl/paw) into the mice hind paw 

evokes nociceptive behavioral responses, such as licking, biting the injected paw or both, which are 

considered indices of nociception (2). The nociceptive response shows a biphasic trend, consisting of an 

early phase occurring from 0 to 10 min after the formalin injection, due to the direct stimulation of 

peripheral nociceptors, followed by a late prolonged phase occurring from 15 to 40 min, that reflects the 

response to inflammatory pain. The total time (s) that the animal spent licking or biting its paw during 

the formalin-induced early and late phase of nociception was recorded. In the first series of experiments 

curcumin-vehicle, curcumin, blank-PLGA and curcumin-PLGA (0.045 mg curcumin/mg of 

nanoparticles, a generous gift of dr. A. Ranjan, University of North Texas Health Science Center, Fort 

Worth, TX, USA) were administered i.v. at the dose of 20 mg/kg, in curcumin. In the second series of 

experiments curcumin-vehicle, curcumin, blank-PLGA and curcumin-PLGA were administered i.t. at 

doses of 5 and 25 g/mouse, in curcumin. The significance among the groups (P<0.05) was evaluated 

with ANOVA followed by Tukey’s post-hoc comparisons using GraphPad Prism 6.03 software. After 

i.v. treatment, ANOVA revealed no difference between groups in the early phase of the formalin test. 

On the contrary, in the late phase of the test i.v. curcumin-PLGA was able to strongly reduced the 

nociceptive behavior induced by formalin. After i.t. administration at the dose of 5 g/mouse, 

treatments did not change licking behavior induced by formalin neither in the early nor in the late phase 

of the test. After i.t. administration at the dose of  25 g/mouse, curcumin-PLGA was able to reduce 

licking activity  - in confront to curcumin-vehicle and blank-PLGA treated animals - both in the early 

and in the late phase of the test. These data suggest that curcumin-PLGA may be developed as a 

medicine to treat pain, by warranting further rigorously conducted studies to define the long-term 

efficacy and safety. 
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Strong coupling between nanotechnology and cell/molecular biology leaded to a breakthrough in 

medicine due to the exiting opportunities in designing and developing a tailored approach in response to 

different disease. Magnetic nanoparticles (NPs) have attracted the attention of scientific community for 

biological and medical purposes as promising materials for a broad range of application.
1-3

 Here novel 

biomimetic, fully biodegradable and cytocompatible NPs fabricated by doping hydroxyapatite (HA) 

with Fe ions (FeHA), avoiding the presence of magnetic secondary phases and any coating, were 

biologically analysed in vitro. 

In detail, FeHA NPs were prepared by a neutralization process using FeCl2 and FeCl3 as a source of 

Fe2+ and Fe3+ doping ions;
4
 HA NPs and commercial fluidMag NPs (Chemicell) were used as a 

control. Mouse pre-osteoblast cells line (OBs), MC3T3-E1, and human Osteosarcoma cell line, MG63, 

were cultured with 100 μg/ml NPs up to 72 hours. The molecular pathways of cellular response 

(apoptosis/necrosis, ROS production and autophagy) to NPs were investigated. Moreover, the 

mechanism of internalization by Caveolae-mediated endocytosis was studied. In a pilot in vivo 

experiment the biodistribution of different concentrations of NPs (ranging from 0.5 mg/kg up to 50 

mg/kg) was evaluated. 

The in vitro live monitoring showed that FeHA NPs were rapidly and easily internalized by both cell 

lines without producing cell damages and death (Fig.1). OBs uptake of FeHA NPs seems to be mediated 

by Caveolae-mediated endocytosis, while a different endocytic mechanism is required by MG63 cell 

line. NPs seem to act as modulator of autophagy pathway. The in vivo study showed the absence of 

systemic toxicity even with the higher concentration. The data obtained on the cellular uptake of FeHA 

NPs lay the basis to clarify the intracellular fate of the FeHA NPs and open brilliant prospective for 

their use as innovative tools for nanomedicine. 
 

 

Fig.1. Intracellular localization of FeHA NPs: A. FITC-NPs and 

endosome (red); B. TEM image of internalized NPs (*). 
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Lipoproteins are a powerful tool for targeted delivery of biological and chemical agents.
1
 Their 

biocompatibility ensures a longer blood circulation allowing an efficient drug delivery without the 

addition of polymers such as PEG.
2
 Since the use of native LDL has limitation in the production of 

large amount by isolating from donor’s blood
3
 with potential cause of infectious side effect and in 

sufficient loading of therapeutic agents,
4
 synthetic LDL (sLDL) was developed

5
 as a highly promising 

alternative vehicle that preserve the biocompatibility of the native lipoproteins with the possibility to 

load the imaging probes or drugs in order to obtain theranostic systems.
6-7

 

Here, we report a versatile method for the preparation of chemically funcionalized LDL. All of the LDL 

components (triolein (TO), cholesteryl oleate (CO) and phosphatidylcholine (PC)) were dissolved in an 

organic solvent, which were evaporated to obtain a uniform lipidic film of a mixture of LDL 

components. The film was subsequently hydrated with a buffer, subjected to the sonication (two hours) 

to obtain a dispersion, which was extruded through a 100-nm and a 50-nm membranes. In addition to 

the three main components above, a fourth lipidic component was added as a scaffold for the chemical 

functionalization of the sLDL surface using a ligation reaction. The prepared sLDL will be subjected to 

the biological tests using in vitro cell culture and in vivo animal test using model mice. 

 

 

 

Figure 1. Schematic illustration of sLDL preparation and subsequent chemical modification. 
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Liposomes are artificially prepared vesicles made of phospholipid bilayers able to enhance the 

bioavailability of administered drugs. Nitroxide radicals are known to protect against oxidative 

processes in different media and under different stress conditions.
1
 With the aim to improve the affinity 

of nitroxides to lipid particles and membrane and other oxidation-susceptible sites in vivo, a series of 

lipid-functionalized nitroxides having a pyrroline nitroxide moiety linked either to a glycerol or to a 

steroid unit has been synthesized, and their inclusion inside phospholipid bilayers has been investigated 

by Electron Paramagnetic Resonance (EPR) spectroscopy.
2
 Here, we present the results of an in silico 

molecular dynamics study aimed to investigate their penetration within the bilayer. To this purpose, we 

extended the AMBER force-field to provide an accurate description of large and flexible nitroxide free-

radicals. New atom types have been included, and relevant parameters have been fitted based on 

geometries, vibrational frequencies and potential energy surfaces computed at the DFT level.
3
 Thus, we 

performed an atomistic MD simulation  using GROMACS 5.0.starting with an equilibration time of 2 

ns in NVT and carrying out an overall 100 ns in NPT at 310 K. At the end of the simulations, we 

reached a steady state as confirmed by RMSD analysis and by Area per lipid values. As a result, we 

pointed out the liponitroxide depth inside the.membrane Our aim is to find out a correlation between the 

nitroxide antioxidant activity with its positioning inside the liposomial nanovector in order to better 

design novel active compounds. 

 

 

Figure 1. Lipid-functionalized nitroxide in a model bilayer. 
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Many of the inflammatory diseases are becoming common in aging society throughout the world.
1
 

Some of the clinically used anti-inflammatory drugs suffer from the disadvantage of side effects. 

Alternative to these drugs are traditional medicines and natural products, since ancient times traditional 

medicines are being used for the treatment of inflammatory.
2
 Nanoemulsions are homogeneous, 

transparent, thermodynamically stable dispersions between immiscible phases, recently presented as 

pharmaceutical drug delivery systems. The 5,7-dihydroxy-6-methyl-8-prenyl-4’-methoxyflavanone 

(Figure 1) was isolated from alcoholic extracted of Eysendhartia platycarpa
3
 and it showed anti-

inflammatory properties. Gender Eysenhardtia (legume) comprises 14 species, is located in the northern 

and central Mexico, and some species have been used in traditional medicine as diuretics, antidiabetic, 

antiseptic and to treat kidney and liver infections. E. platycarpa is a small tree distributed in southern 

Mexico, where it is known as "taray", "palo dulce" and "palo azul." It has been used in the treatment of 

kidney diseases and liver as well as complications arising from diabetes mellitus. 

The emulsion nanoestructurated of 5, 7-dihydroxy-6-methyl-8-prenyl-4’-methoxy flavanone was 

preparated with, labrasol, labrafac, plurol oleique and propyleneglycol as excipients. The particle size 

was measured by Zeta-Sizer, Malvern Instruments. Permeation studies (n = 3) were carried out with 

vertical Franz diffusion cell of 0.6 cm
2
. 

 

 
Figure 1. Structure of 5,7-dihydroxy-6-methyl-8-prenyl-4’-methoxy flavanone. 
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Introduction: Eysenhardtia platycarpa is a small tree distributed in Southern Mexico, where it is 

known as “taray”, “palo dulce” (sweet wood), and “palo azul” (blue wood). Previous chemical analyses 

of E. platycarpa have allowed the isolation of flavonoids as 5,7-dihydroxy-6-methyl-8-prenylflavanone 

(1); 5,7-dihydroxy-6-methyl-8-prenyl-4’-methoxy-flavanone (2); 5,7-dihydroxy-6-prenylflavanone (3) 

and 5-hydroxy-7-methoxy-6-prenylflavanone (4) and others compounds.
1
 This project is a basic 

investigation to be able to design and create some seed who helps to evaluated the permeation in the 

skin from a topical dosage form, considering the flavanone 5,7-dihydroxy-6-methyl-8-prenyl-4’-

methoxy-flavanone (1) as a lead to generate new compound by lead modification strategy drug design 

(1b). 

Materials and Methods: From the methanolic extract of the leaves of Eysenhardtia platycarpa was 

isolated the flavanone: (1), where the natural flavanone surrendered to structural change, synthetic 

reaction being carried out as: methylation (1b).
2
 To characterizate natural flavanone and product of the 

reaction we used Spectra NMR 1D and 2D de 
1
H and 

13
C was obtained to 200 and 400 MHz.

3
 The nano-

structured emulsion preparation, using a surfactant, co-surfactant, emollient and moisturizer. Once 

prepared, the flavanone was incorporated, the final concentration was 5 %, the particle size was 

determinated by the equipment Z-Sizer.
4
 The permeation test was carried out using human skin (n=3) 

from abdominal lipectomies, from three donors in a manual sampling system cells Co. Mod Franz 

Crown Glass. CDCF-9. The receptor phase was ethanol:water (7:3), under temperature of 32 ± 1 ºC. 

Samples were taken at fixed times during 24 hours. Each sample concentrations were obtained by High 

Performance Liquid Chromatography, The analyses were preformed with a Column C18 Macherey-

Nagel. The mobil phase, consisting of ACN/Water. 
4
 

Results and Discussion: The nanoemulsion (NE1b) prepared has Z-Average of 65.89 nm with a PDI of 

0.165.  

Conclusions: The results obtained with this experiment demonstrated the small size of (NE1b). The 

transdermal permeation test shows that the constant of permeation and opens the possibility to 

investigate about the same flavanone and some other because this kind of natural products has an 

interesting biological and therapeutics proprieties. 
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Chitosan is a natural polysaccharide derived from chitin, used for biomedical applications and in 

pharmaceutical and biotechnology industries, as fat reduced, bactericide agent and wound healing 

material and coating agent for stabilization of vesicular systems
1
. In all these uses, its interesting 

properties such as biocompatibility, biodegradability and non-toxicity are exploited. While the efficacy 

for some of them is proven, little is known about the molecular-level interactions involved in these 

applications. More interestingly,owing to its cationic character in acidic solutions, chitosan may interact 

with the negatively charged surface of biomembranes, and therefore understanding such interactions is 

important for the its use.  

In this work we have employed Langmuir monolayers as membrane model to probe the interactions of 

chitosan with monolayers formed by Tween20 or Span20 non-ionic surfactants, mixed to Cholesterol 

and anionic DCP, to mimic the composition of niosomal vesicles whose efficacy as drug delivery 

systems has been widely explored 
2
.The aim of this investigation is to elucidate the controlling factors 

useful for a rational design of a chitosan-coated drug delivery system and understand in which 

conditions chitosan decoration of the vesicle can improve the niosomal structural properties and drug 

delivery efficiency.  

The surface pressure–area isotherms of equimolar Span 20/Chol and Tween 20/Chol monolayer have 

been measured at 25°C. Chitosan was dissolved in acetate buffer solution (0.03M, pH 4.5) at different 

concentrations up to 0.45 mg/mL, where it is not surface-active. To understand the role of the different 

forces involved in the polycation-monolayer interaction, we also considered the effect of the addition of 

the anionic lipid Dicetylphosphate (DCP) to form charged Tween20/Chol/DCP films, with molar ratio 

1/2/1. 

Our study revealed that chitosan strongly adsorbed at monolayers surface inducing a film expansion 

both at low and at high surface pressure, where it interacts not only superficially but also inserted to a 

certain degree into the film. In certain conditions, depending on both chitosan concentration and on the 

different hydrophilic-hydrophobic balance of the surfactants, modification of the monolayer phase 

transition has been observed. Elucidating the molecular organization of chitosan-surfactant monolayers 

could be useful to better understand the release rate of model drugs from niosomes. 
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Advanced drug delivery systems have been developed to overcome the major drawbacks associated 

with the conventional ones 
1
.  

The aim of our work is to develop nanoemulsions suitable for delivering bioactive substances.  

Nanoemulsions (NEs) are nano-sized emulsions, manufactured for improving the delivery of active 

pharmaceutical ingredients. These carriers are composed by oil and surfactants; in particular, natural 

oils can exhibit anti-inflammatory, antioxidant, antibacterial, antiviral, anticancer and/or tissue 

regenerative activity, due to the presence of polyphenols and tocopherols 
2
. The droplet size of NEs falls 

typically in the range 10–200 nm. They are kinetically more stable than microemulsions with no 

apparent flocculation or coalescence; they also improve intracellular penetration in biological tissues, 

bioavailability, tolerability and solubility of lipophilic drugs. As a result of the slow release of active 

compounds, the irritability described in tissues is low 
1
. NEs are also non-toxic and can be formulated 

for different applications, such as topical, ocular, intravenous, intranasal and oral delivery 
3
.  

In this study, nanoemulsions from Neem seed oil and Tween 20 or Tween 80 as non-ionic surfactants 

were prepared. In particular, Neem oil was selected since it shows many bioactive properties, such as 

antibacterial, antimalarial and antifungal activity 
4
. A mean droplet size ranging from 10–100 nm was 

obtained by modulating  the oil/surfactant ratio. Several nanoemulsion formulations were characterized 

in terms of size and ζ-potential 
5,6

 and physicochemical properties, such as microviscosity, polarity and 

turbidity, were evaluated. Furthermore stability studies were carried out for a period of 60 days at two 

different storage temperatures (4°C and 25°C). In order to evaluate the versatility of these systems in in 

vivo applications, further stability studies in different biological fluids, such as human and bovine 

serum, artificial cerebrospinal fluid (aCSF), artificial saliva, simulated gastric fluid (SGF) and simulated 

intestinal fluid (SIF), were conducted.  

This work has shown that Neem oil and Tween surfactants are able to form stable nanoemulsions 

suitable as nanodelivery systems for different administration routes. 
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Over the last decade, nanotechnology has become more relevant in medicine. Among magnetic 

nanomaterials the future of iron oxide nanoparticles (IONPs) for clinical applications relies on their 

biocompatibility in moderate doses, their ability to be produced in a wide range of sizes and shapes with 

biofunctionalization potential. Additionally, they show great promise to serve as a cell tracking system 

in cell-based therapies, and to generate local temperature increases in the magnetic thermotherapy of 

solid tumours. Thus, the study and development of novel magnetic nanoparticles for biomedical 

applications is one of the key topics in the field of nanotechnology. 

Extremely small-sized Fe3O4 superparamagnetic nanoparticles were prepared by coprecipitation, thinly 

coated with silica and conjugated with FITC, as molecular model specimen. Nanoparticles were 

characterized by dinamic light scattering (DSL), transmission electron microscopy (TEM) and X-ray 

diffraction analysis (XRD) and surface functional groups and composition were analysed by infrared 

spectroscopy (FTIR).  

The aim of this study was to determine the biocompatibility of the magnetic nanoparticles carriers with 

biofunctional coating (FITC-conjugated) on colon carcinoma CaCo-2 cell line as human cellular model.  

Phase contrast, immunofluorescence and confocal microscopy analyses were performed to study 

nanoparticles internalization and up-take. By transmission electron microscopy technique was 

investigated the effect of their internalization on ultrastructural features and intracellular compartments. 

Cellular growth and viability resulted unaffected following nanoparticles up-take and lack of toxicity 

was confirmed at transcriptional and translational level. Finally, even when used at high concentration, 

the cytotoxicity effect of the nanoparticles was not significant compared with control experiments, 

demonstrating their high potential in the applications of nanomedicines for a diagnostic and therapeutic 

tool. 
 

 

Figure 1. Biomedical applications of magnetic nanoparticles. 
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Solid Lipid Nanoparticles (SLN) have been proposed for the oral delivery of drugs with poor oral 

bioavailability for their ability to be internalized directly by the lymphatic circulation, like 

chylomicrons, through intestinal absorption. Lymphatic system is considered an interesting target for 

anti-cancer drugs and contrast agents because exerts an active role in the cancer metastasis being the 

major route of the solid tumor spread. Recently, according to the potentiality of the iron oxide in 

diagnostic and of heparin in the cancer therapy, iron oxide nanoparticles non-covalently coated with 

heparin (Fe@hepa) have been proposed as delivery systems for theranostic application (1). The aim of 

this work was to encapsulate Fe@hepa in a biocompatible solid lipid shell in order to obtain a 

nanotheranostic tool for promoting the oral absorption through the lymphatic route.  

SLN have been formulated by a modified self nanoemulsifying technique by using Gelucire50/13 and 

Geleol
™

. The resulted Fe@hepa-SLN were characterized regarding size, morphology, storage stability 

as well in vitro release of heparin and iron oxide. In addition, preliminary studies on Caco-2 cell line 

were carried out evaluating cytotoxicity by MTT tests and internalization by the direct quantification of 

Fe@hepa inside the cells. Fe@hepa-SLN displayed a mean diameter below 300 nm, suitable for the oral 

administration, and an incorporation efficiency of 75% ± 3.9. Morphology analyisis showed the lipid 

shell surrounding the Fe@hepa nanoparticles and the release studies demonstrated that this lipid 

envelop stabilized the heparin coating in physiological conditions. Finally, studies on Caco2 cells 

showed the low cytotoxicity of the Fe@hepa-SLN and their ability to be internalized in the cells used as 

intestinal permeability model. These results indicate that this novel nanotechnology strategy could be a 

promising tool for oral nanotheranostic approaches. 
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Chemotherapics are very aggressive pharmacological principles and their blood administrering by 

injection may cause tissue injuries as side-effect
1
. Therefore, the possibility to administer 

chemotherapics in non-active form, which slowly converts to the active principle inside the blood 

environment could be very suitable. Chemotherapics containing sulphydryl groups, -SH, (e.g., 

qumoxaline-2,3-dithiol, used for the Ehrlich ascites tumor, 6-mercaptopurine, etc.) can be chemisorbed 

on the surface of gold nanocrystals and slowly released in the body environment by a ligand-exchange 

mechanism, involving free ligand molecules present into the blood composition (e.g., urea, uric acid, 

creatinine, homocisteine, etc.)
2
. Lamellar gold nanocrystals have extremely large surface development, 

and consequently they are the best substrates for delivering aggressive chemoterapics. Owing to the 

surface plasmon absorption of lamellar gold nanocrystals located in the Near-IR region, the release rate 

can be even increased in the systemic treatment of skin cancers by exposing the sick tissue to IR 

radiation (optical hyperthermia). Here, the synthesis of gold nanoplatelets passivated by different thiol-

containing pharmaceutical principle is presented. The nanoparticles have been prepared by mixing a 

very dilute tetrachloroauric acid (HAuCl4.3H2O, Aldrich) aqueous solutions with a L-ascorbic acid 

(C6H8O6, Aldrich) solution at room temperature. After gold nanoparticles formation (blue colour 

solution) the –SH containing drug (e.g., N-acethyl-cysteine, L-glutatione, etc.) was added to the system. 

Extended thermal annealing treatments of these colloidal gold suspensions gave larger lamellar particles 

by a recrystallization mechanism. As visible in Figure 1a, the obtained nanoaprticles were characterized 

by a surface plasmon absorption band extending in the NIR spectral region. The precipitated 

nanostructured material was high purified and morphologically characterized by TEM (see Fig. 1b). 

 

 

Figure 1. Au nanocrystals VIS spectrum (a), and TEM micrograph (b) 
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Silica nanoparticles have recently emerged as one of the most studied nanomaterials for biomedical 

applications. Such success is due to the possibility to obtain topologically and functionally complex 

structures, which has opened the way to the realization of sophisticated systems, such as gated porous 

particles, multimodal theranostic agents, or chemical sensors.  

Recently, we developed a new synthetic protocol for the one-pot preparation of multifunctional 

PEGylated ORganically MOdified SILica (ORMOSIL) nanoparticles.
1
 The protocol is based on the 

synthesis of ORMOSIL nanoparticles by base-catalysed condensation of vinyltriethoxysilane in 

aqueous solution containing a surfactant. We realized that surfactant aggregates could act not only as 

nanocontainers where the organosilane polymerization is confined, but also as a template that pre-

organizes the nanoparticle components, placing them precisely in the sites where they are driven by 

their hydrophobic/hydrophilic balance. Water insoluble molecules (dyes, photosensitizers or drugs) 

locate themselves in the emulsion oil core, resulting entrapped in the polymerized ORMOSIL matrix. 

Amphiphilic species by the contrary locate at the oil/water interface and form, if capable to 

copolymerize with the ORMOSIL precursors, a surface functionalization layer. Taking full advantage 

of such approach, we show that densely PEGylated nanoparticles can be prepared. Functional groups 

for the subsequent conjugation with targeting agents can be introduced in the PEG coating during the 

nanoparticle synthesis. The dense PEG coating obtained improve the nanoparticles biocompatibility by 

reducing their toxic and pro-coagulant properties and avoiding capture by immune system cells, but also 

minimizes uptake by cells. Targeting with antibodies and other selective biomolecules allow specific 

delivery of dyes or drugs to the selected cells. 

 

 

Figure 1. Synthetic protocol for the preparation of PEGylated ORMOSIL nanoparticles 
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2011, 6, 1027; c) R. Tavano et al., Nanomedicine, 2010, 5, 881-896 d) F. Selvestrel et al., 

Nanoscale, 2013, 5, 6106. 
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Human tuberculosis (TB) is mainly a disease of the lung characterised by a long chronic stage of 

infection and progressive pathology that compromise the respiratory system. This is a curable infectious 

bacterial disease caused by the Mycobacterium tuberculosis (Mtb). TB therapies have exploited 

conventional routes of administration, such as oral and intramuscular.
1
 The pulmonary route appears the 

most reasonable and effective way to target the alveolar macrophages (AM) and eradicate surviving 

Mtb at the primary infected site of TB, especially considering that 75-80% of cases remain localised in 

the lungs. The anti-TB therapy by inhalation offers benefits compared with the current treatment in 

terms of patient’s compliance improvement, reduction in dose amount and frequency, treatment 

duration and TB diffusion in other organs, thus minimising the risk of drug-resistant mutants, toxicity 

and side effects. 

For a direct intramacrophagic antitubercular therapy using Dry Powder Inhaler (DPI) devices, Solid 

Lipid Microparticles (SLM), produced using the melt emulsifying technique followed by freeze-drying, 

were developed to load rifampicin, a first-line antitubercular drug.  

In the present project, SLM were modified to improve drug loading level and release as well as AM 

targeting. Several biocompatible lipid components such as fatty acids and their derivatives, diglycerides 

and triglycerides, were processed using mixtures of biocompatible stabilisers (sodium taurocholate and 

methyl mannopyranoside) in order to obtain SLM with maximum efficiency in terms of drug loading 

and release in simulated lung fluid. Lipids in the liquid physical state embedded into SLM provided 

Microstructured Lipid Carriers (MLC) that are known to exhibit superior advantages over SLM such as 

enhanced drug loading capacity and prevention of drug expulsion intended to maximise the drug 

concentration at the primary site of TB infection. The obtained microcarriers were examined for their 

intrinsic properties such as size and size distribution, morphology and shape, surface charge, bulk and 

tap density, aerodynamic diameter, physical state of the components, wettability, drug loading and 

release. 

Macrophages, as is common knowledge, possess mannose-specific membrane receptors (MR) that can 

be recognised by carriers bearing mannose residues, facilitating their internalisation.
2, 3

 Therefore, the 

functionalisation of SLM surface by mannose derivatives used as the co- stabiliser in the SLM 

formulation was used to achieve an active targeting. The actual presence of mannose on SLM surface 

was investigated by means of X-ray Photoelectron Spectroscopy for Chemical Analysis (XPS) and 

Energy Dispersive X-ray Analysis (EDX). 
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Osteosarcoma (OS) is a highly malignant primary tumor frequently occurring in children and 

adolescents. The standard methods currently used to treat this tumor are unable to induce complete 

tumor necrosis, thus resulting in a 30% mortality. Our approach combines the chemotherapeutic drug 

Paclitaxel with a Photodynamic therapy (PDT) compound within a biodegradable albumin nanoparticle. 

Moreover, Mesenchymal stromal cells (MSC) are used as Trojan horse to deliver these NPs, by taking 

advantage of MSC ability to recognize and efficiently engraft the OS tumor stroma. HSA was 

conjugated with the photosensitizer chlorin e6 (Ce6) and the functionalized protein was used to produce 

PTX loaded nanoparticles through desolvation or drug-induced protein self-assembly techniques (PTX-

Ce6@HSA NPs). To test the feasibility of the proposed approach, human MSC lines were loaded with 

different dosages of PTX-Ce6@HSA NPs and results showed that MSC efficiently internalize NPs (via 

clathrin mediated transport), release PTX by exocytosis (HPLC analysis) and the photosensitizer Ce6 

remains active inside the cells for at least 3 days after loading (Figure 1). PTX-Ce6@HSA NPs loaded 

MSC co-cultured with the OS tumor cell line SaOS-2 showed a significant tumor cell growth reduction. 

From our preliminary in vitro data, the proposed multimodal therapy could minimize the side effects of 

the systemic chemotherapy administration and enhance its efficacy through the synergic effect of PTX 

and PDT, and could be intended as a future innovative co-adjuvant approach for OS treatment in 

patients.  
 

 

Figure 1. NPs internalization and Ce6 activation upon light irradiation. A) Calcein 

staining (in green) of MSC after 24 hours loading. B,C) Live&dead assay performed 24hr 

(B) and 3 days (C) after PDT treatment (live, green cells: dead, red cells: Hoechst, nuclei)  
 

 

1. M. Serra, G. Reverter-Branchat, et al., Ann Oncol, 2004, 15, 151. 

2. S. Duchi, G. Sotgiu, et al., J Control Release. 2013, 168(2), 225. 

3. LM. Wagner, H. Yin, et al., Pediatr Blood Cancer, 2014, 61(11), 2096. 

4. YL. Hu, YH. Fu, et al. J Control Release. 2010, 147(2):154. 

5. A. Aluigi, G. Sotgiu., et al RSC Adv., 2016, 6, 33910. 
 

Acknowledgments: This work is supported by Associazione Italina Ricerca sul Cancro (AIRC, grant 

16491P.I. Serena Duchi). 

90 
 

mailto:elisa.martella@ior.it
http://pubs.rsc.org/en/results?searchtext=Author%253AG.%20Sotgiu


 

NANOMEDICINE VITERBO 2016 P 35 

 

Double targeting of biodegradable nanoparticles as an advanced 

approach to enhance antitumor effects 

Francesca Moret,
a
 Alessandro Venuta,

b 
Diletta Esposito,

b
 Giovanni del Poggetto,

c
 Connie Avitabile,

b
 

Alessandra Romanelli,
b
 Paola Laurienzo,

c
 Fabiana Quaglia,

b
 Elena Reddi 

a
 

a
 Department of Biology, University of Padova, Via U. Bassi 58/B, 35100, Padua, Italy; 

b
 Department of 

Pharmacy, University of Naples Federico II, Via D. Montesano 49, 80131, Naples, Italy; 
c
 Institute for 

Polymers, Composites and Biomaterials, CNR, Via Campi Flegrei 34, 80078, Pozzuoli, Naples, Italy. 

Email of presenting author: francesca.moret@unipd.it 

In this work, we propose core-shell nanoparticles (NPs) made of amphiphilic poly(-caprolactone)-

polyethyleneglycol (PCL-PEG) block copolymers exposing on the surface both an anti-angiogenic 

peptide (anti-FLT1) and folic acid (FA) to encourage drug accumulation in tumors. While targeting by 

exploiting the high affinity folate receptors (FR), that is over-expressed by many cancer cells, is a 

widely used strategy to enhance the internalization of drug-loaded NPs, less is known about the role of 

anti-angiogenic factors functionalized on NPs in enhancing chemotherapeutic effects. Anti-FLT1 is an 

hexapeptide that specifically inhibits the binding of various vascular endothelial growth factor receptor 

1 (VEGFR1) ligands, negatively affecting VEGF-induced endothelial cell migration and angiogenesis 

(1). Diblock PCL-PEG copolymers with PEG length guaranteeing exposition of anti-FLT1 and FA on 

NP surface (PCL4000-PEG1000, PCL4000-PEG1500-anti-FLT1 and PCL4300-PEG1500-FA) were synthesized 

by a ring-opening polymerization of -CL followed by coupling with the decorating unit. NPs were 

produced by nanoprecipitation technique in the size range of 110-150 nm with very low polydispersity. 

For FA-decorated NPs, the highly negative surface charge of NPs, more negative as the amount of FA-

conjugated copolymer increased, was suggestive of the presence of FA moieties on the surface while 

anti-FLT1 decorated NPs showed surface charge and size similar to non-decorated NPs. Once 

formulation parameters were selected, entrapment of the antimitotic agent Docetaxel (DTX), a model 

poorly water-soluble drug, was attempted. NPs encapsulated DTX with high efficiency and were 

endowed of sustained release in complex biological media. In addition, in order to track the NPs inside 

the cells, Nile Red was entrapped in the PCL core or Rhodamine B was covalently linked to the 

hydroxyl end group of PCL-PEG. In vitro experiments in KB cancer cells over-expressing FRs showed 

significantly enhanced internalization of NPs exposing FA vs. undecorated NPs and vs. NPs having FA 

hidden inside the PEG brush, even in the presence of serum proteins in the culture medium. In addition, 

competition experiments carried out by saturating FRs with an excess of free FA (1 mM) prior to NP 

addition, demonstrated an exclusive inhibition of the uptake of NPs exposing FA, confirming the 

involvement of FRs. However, when DTX was included in FA-targeted NPs its cytotoxicity in KB 

cells, incubated up to 72 h, was comparable to that measured with un-targeted NPs but significantly 

higher with respect to that of the free drug, especially at very low drug concentrations. Forthcoming 

experiments on HUVEC endothelial cells will assess the anti-angiogenic potential of dual targeted anti-

FLT1/FA NPs with the aim to potentiate DTX cytotoxicity in tumors by inhibiting the growth of the 

surrounding neo-vasculature. 
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Liposomes are likely the most studied colloidal carriers for the delivery  of therapeutically active 

molecules due to their well-known unique properties. However, their use is still limited by a series of 

drawbacks including liposomes rapid degradation operated by the reticuloendothelial system (RES) and 

their inability to achieve a sustained drug delivery. To overcome these issues several strategies have 

been investigated over the past years. One of the most followed approach consists in the combination of 

different biomaterials within the same assembled system. So far, following this concept, either natural 

or synthetic hydrophilic polymers have been successfully combined in vesicle technology to change the 

surface properties of the bilayer, thus creating stealth phospholipid vesicles. More recently, a new step 

towards liposome improvement has been achieved by working on the internal structure of phospholipid 

vesicles with the aim to convert the aqueous inner core into a soft and elastic hydrogel (figure 1). 

Hybrid liposomes with a core composed of a cross-linked polymeric network offer several attractive 

features and properties.
1
 In fact, the presence of a stable polymeric scaffold provides an internal 

mechanical support to the liposomal membrane, mimicking the elastic protein network of the 

cytoskeleton.
2
 In this study, the effect of the polymer chain length on the stability of the final hybrid 

construct has been investigated. To this end, poly(ethylene glycol) dimethacrylate (PEG-DMA) 
with different molecular weights has been combined with hydrogenated soybean 

phosphatidylcholine/cholesterol (HSPC/Chol) liposomes with the intent to modify their liquid core into 

a soft and elastic hydrogel by UV photopolymerization. The obtained gel-in-liposome hybrid systems 

have been studied for their stability against surfactant chemical destabilization, as well as for their 

release properties and biocompatibility. The gelation step of the liposome core may affect the in 

vivo performance of the final system, as it may prevent any unwanted leakage of encapsulated 

molecules, due to defects provided by insertion into the bilayer of surfactants and proteins in the human 

body. In summary, this novel gel-in-liposome hybrid nanocostruct should meet the requirement for an 

effective drug delivery system and may offer a convenient new way of envisioning lipidic vesicles. 

 

 
 

 

Figure 1. Development of gel-in-liposome 

hybrid systems by UV polymerization of 

PEG-DMA embedded in HSPC/Chol 

liposomes. 
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The essential oil extracted from Smyrnium olusatrum L, also known as Alexanders (AEO) or wild 

celery, has been demonstrated to possess antimicrobial, anti-inflammatory, antiproliferative and 

antioxidant properties, thanks to the presence of bioactive constituents such as isofuranodiene and 

germacrone.
1 

Due to the low solubility of water and stability concerns, the development of an 

appropriate formulation for the in vivo delivery of this essential oil is problematic. At the moment, 

nanoencapsulation technology appears to be the most suitable approach. In this work, the AEO was 

formulated as an “oil in water” microemulsion, using a central composite design to study the effect of 

the amount of AEO, surfactant (Polysorbate 80), co-surfactant (ethanol/glycerol mixture) and water on 

microemulsion preparation feasibility. The optimazed formulations were characterized by dynamic light 

scattering, polarised optical microscopy and tested in term of cytotoxicity (MTT assay) on human colon 

carcinoma cells (HCT116). AEO alone was not suitable as oil phase for the formulation of 

microemulsion due to the high amount of isofuranodiene that crystallizes during the preparation. The 

crystallization issue was overcome by the addition of ethyl oleate to AEO at the ratio 1:1. Two 

microemulsions were prepared according to the central composite design, made up of 0.75% 

(ME_AEO_0.75%) or 1.5% (ME_AEO_1.5%) oil phase. The prepared microemulsions remained stable 

over one year. MTT assay revealed that both AEO-loaded and unloaded microemulsions displayed 

cytotoxicity on HCT116 human colon carcinoma cell line. Although polysorbate 80 is responsible for 

the intrinsic cytotoxic activity of the vehicle, the calculated lower IC50 values for the AEO-loaded 

systems suggested that AEO maintains its activity when formulated as a microemulsion. 

 

 

Figure 1. Microemulsion stability evaluated by DLS measurements (A); microemulsion cytotoxicity 

tested by MTT assay (B). 
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5-fluorouracil (5-FU), a chemotherapic drug widely employed in the treatment of some of the most 

frequently occurring malignant tumours, has a narrow therapeutic window and a significant variability 

among patients in pharmacokinetics.
1
 The detection of and the measurement of 5-FU target enzyme 

activity are necessary to achieve a personalized dose of the drug in order to reduce its toxics side effect. 

Liposomes, combined with fluorescent compounds, received considerable attention as sensors for 

chemical and biological detection because they generate a quick signal (thus reducing the diagnosis 

time), are very sensitive and are relatively inexpensive.
2  

On these premises cationic and anionic 

fluorescent liposomes able to produce an optical signal upon the interaction with Thymidine 

Phosphorylase (TP), one of the target enzymes of 5-FU were investigated: cationic liposomes are 

composed by a natural phospholipid, 1,2-dioleoyl-sn-glycero-phosphocholine (DOPC), a cationic 

amphiphile tagged on the hydrophobic tail with a pyrene moiety (1) and a 5-FU derivative (2) whereas 

anionic liposomes were prepared replacing a fraction of 1 with lauric acid (12-A) or 11-

bromoundecanoic acid (11-BrA). Upon the interaction of the target enzyme with 5-FU exposed on 

liposome surface, and hence with the liposome surface, lipid components reorganize and segregate in 

domains inducing a variation of the excimer/monomer ratio due to the consequent variation of the 

distance among the pyrene moiety located in the hydrophobic region of the bilayer. Among the 

investigated formulations, DOPC/11-BrA/1/2 liposomes have a good potentiality for the development of 

a chemosensor for TP detection thanks to the ability of their lipid bilayer to act as transducer and to their 

high specificity. 
 

 

Figure 1. Liposome-based biosensor: the induction of an optical signal upon the interaction of 

liposomes functionalized with 5−FU derivatives with the target enzymes. 
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Lidocaine is the most-frequently applied local anesthetic in addition to a wide range of applications in 

the management of neuropathic pain, postoperative pain, postherpetic neuralgia, centrally mediated 

pain, headache and infiltrative malignant neurological lesions (1, 2). As first step in our study on the 

possible use of lidocaine-loaded niosomes  (LLNs)  as analgesic, in this report we present results on the 

effects induced by subcutaneous injection of LLNs in an inflammatory-pain model, as the formalin test 

is in mice. LLNs, prepared as previously reported (3), were used as drug delivery systems and 

formulated according to their pharmacological activities on pain (330 g/40 l). Niosomes loaded with 

lidocaine were compared to: a) the unstructured surfactant formulation, b) the unstructured surfactant 

formulation with the same lidocaine concentration and c) lidocaine solution at the same concentration. 

Male CD-1 mice (Harlan, Italy) weighing 25-30 g were used for all experiments. The experiments were 

authorized by the Italian Ministry of Health, according to Legislative Decree 26/2014. Subcutaneous 

injection of a dilute solution of formalin (1%, 20 μl/paw) into the mice hind paw evokes nociceptive 

behavioural responses, such as licking, biting the injected paw or both, which are considered indices of 

nociception. The nociceptive response shows a biphasic trend, consisting of an early phase occurring 

from 0 to 10 min after the formalin injection, followed by a late prolonged phase occurring from 15 to 

40 min, that reflects the response to inflammatory pain. The total time (s) that the animal spent licking 

or biting its paw during the formalin-induced early and late phase of nociception was recorded (4). 

Treatments a-c were performed 15 min before formalin in a volume of 40 l, injecting the solutions into 

the mice hind paw. The significance among the groups was evaluated with the analysis of variance 

followed by Tukey’s post-hoc comparisons using GraphPad Prism 6.03 software. The administration of 

the vesicles alone did not change the response to formalin both in the early and in the late phase of the 

test. When lidocaine was administered alone or together with the vesicles in the mice paw before 

formalin, we did not observe any differences in the paw licking induced by aldehyde. On the contrary, 

vesicles loaded with lidocaine were able to strongly reduce licking activity induced by formalin in both 

test phases. These encouraging results, prompt us to further studies in order to investigate the effects of 

lidocaine loaded niosomes also in other pain models. 
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Aptamers are oligonucleotides that bind to specific targets based on their tertiary structure interactions 

with target molecule. Identification of aptamers for specific target is achieved using SELEX (systematic 

evolution of ligands by exponential enrichment) method. Aptamers have been proven to be promising 

technique for use in theranostics and have been compared to antibodies with respect to their high 

specificity and mechanism of action. Cell-SELEX is a variation of SELEX method that uses live cells as 

a target and as a negative control.
1
 

In the current study human clear cell renal cell carcinoma cells from tumor metastasis in lungs (RCC-

MF) were used as target cells and human kidney epithelial cell line (RC-124) cells were used as 

negative control to identify aptamers through Cell-SELEX method that specifically bind to renal 

carcinoma cells. DNA oligonucleotide starting library with 40 nucleotide randomized region with two 

constant primer binding regions in each end of randomized region was used. Previously published cell 

SELEX was modified by adjusting PCR conditions, incubation time and DNA separation conditions to 

achieve the best results during the selection. Flow cytometry and confocal microscopy were used to 

monitor the progress of selection. 

Renal cell carcinoma specific aptamers were selected using optimized Cell-SELEX method and 

characterized in this research to be further studied for therapeutic or diagnostic application. 

In conclusion, by Cell-SELEX approach it was possible to select and enrich clear cell renal carcinoma 

aptamers which could be further functionalized by attachment to currently known chemotherapeutic 

agents to increase specificity or used for diagnostic purposes. Identifying target protein that aptamers 

bind to and adding post selection modifications could further increase the number of possible strategies 

to be used to apply selected aptamer in clinic. 
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The blood–brain barrier (BBB) represents a quite insurmountable hurdle to the delivery of bio-active 

substances to the central nervous system. The tight junctions between the BBB cells prevent most 

compounds from entering brain tissue and only the 2% of small polar molecules is able to cross the BBB 

and, for this reason, the use of a lot of therapeutic agents for treating brain diseases has been limited.
1
 

The development of nanovesicular carriers able to go beyond this barrier is a promising approach to 

overcome problems related to the delivery of drugs to the brain. In particular, nanovesicles obtained by 

polysorbate 20 (Tween 20) could be useful because, in vivo, apolipoprotein E (apo E) or B (apo B) 

adsorb on their surface and this can promote the interaction with the LDL receptor followed by 

endocytotic uptake by BBB. To reach the brain, an alternative route of administration can be proposed, 

such as the intranasal delivery («nose to brain»). One of the major problems associated with nasal 

administration is the rapid removal of drugs or drug delivery systems by mucociliary clearance. This 

problem could be solved by coating nanocarriers with mucoadhesive agent (NioN 1, Nanobubbles A1, 

Nanobubbles B1).
2
 Furthermore, an alternative strategy is the temporary disruption of  the BBB to 

enhance the possibility of the carrier to reach the brain.
3
 The circulating nanobubbles (vesicular systems 

loaded by a gas as contrast agent) could be able to produce a temporary BBB opening through the 

widening of tight junctions and the activation of transcellular transport mechanisms, with little effect on 

the surrounding parenchyma. 

The aim of this project is the preparation and the characterization of different vesicular systems able, 

through different mechanisms, to reach the brain (Table 1) . 
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Table 1. Different vesicular systems and different mechanisms to reach the brain 
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Ferritin is an iron storage protein composed of 24 subunits to form a spherical cage, which plays a key 

role in iron metabolism, protecting cells from oxidative stress. Since its subunits can be disassembled 

and reassembled apoferritin can be exploited for the encapsulation of organic molecules thus 

representing an interesting scaffold for the development of a biocompatible drug delivery system.
1
 

Moreover, ferritin is specifically recognized by transferrin receptor 1, which is overexpressed in many 

tumors.
2
 In this study a recombinant apoferritin variant consisting of heavy-chain subunits (HFn) was 

produced to achieve a cumulative delivery of doxorubicin (DOX), which exerts its cytotoxic action by 

targeting the DNA. After demonstrating the selectivity of HFn for cancer cells compared to healthy 

fibroblasts, HFn(DOX) was used to treat both human (HeLa) and murine (4T1) cancer cells. Confocal 

microscopy and DNA damage assays proved that the nanoformulation increased the nuclear delivery of 

DOX. HFn(DOX) acts as a “Trojan Horse”: HFn was more efficiently internalized in cancer cells 

compared to free drug, then translocated into the nucleus following the DNA damage caused by the 

partial release of DOX in the cytoplasm. This self-triggered translocation allowed the drug to be directly 

released in the nucleus.
3
 Furthermore in vivo experiments were carried out on highly invasive breast 

cancer model. Mice bearing 4T1 cells were treated with placebo, free DOX and HFn(DOX) for 21 days 

at 1.24 mg/Kg, significantly lower than the minimal clinical dosage (2.4 mg/kg). Our results 

demonstrate that treatment with HFn(DOX) is able to strongly affect the tumor progression and to show 

a significant improvement in DOX toxicity profile, even in a highly metastatic DOX-resistant breast 

cancer model in vivo. Histological analysis of cardiac tissues suggested that HFn-DOX allows 

overcoming cardiotoxicity, one of the most severe side effects of DOX. In conclusion, HFn(DOX) has a 

tremendous potential for the development of a novel chemotherapy strategy, based on more frequent 

and lower dose drug administrations.  
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Silver nanoparticles are innovative antimicrobial agents used in key applications related to the care of 

burns and chronic wounds, but their chemical in vivo dynamics in human tissues has not been directly 

observed so far.
1-3

 In this study, synchrotron radiation µXRF/µXANES and laser ablation ICP-MS were 

used to provide the first information on the spatiotemporal distribution and chemical speciation of silver 

in full-profile biopsies collected from the wound bed of burn patients treated with a dressing containing 

nanoparticles. A significant penetration of the metal was observed, inversely associated with the level of 

structural organization of the tissue, and accompanied by sequential processes of dissolution, chloride 

complexation, change into metal-thiol protein complexes, and final mobilization into deeper skin layers 

towards the vascular system. Hydrodynamic chromatography-single particle ICP-MS was used to 

confirm the high level of dissolved silver species and the absence of nanoparticles in the blood of 

analogous patients.
4
 The results provide new realistic bases to design innovative silver nanomaterials 

with optimal antibacterial efficacy and minimum risks for the patient. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. μXRF maps and μXANES spectrum of the full profile biopsy of a 

burn wound treated with silver nanoparticles. 
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Age-Related Macular Disease (AMD) is a multifactorial neurodegenerative disease that affects the 

macula, leading cause of blindness 
1
. A pivotal role in AMD pathogenesis is played by dysregulation of 

iron homeostasis and currently no effective cure exists; controversial effects are indeed reported by 

treatments with anti-VEGF intraocular injections
2
. An important goal for the treatment of AMD is to 

obtain therapeutic drug concentrations in the eye posterior segment by a topical drug administration. 

Due to blood-ocular barriers and lacrimal drainage it is difficult to design non-invasive ocular 

formulations for the treatment of AMD. Nanoparticles have gained attention because of their ability to 

penetrate through the ocular tissues, enhancing drug bioavailability. As a possible treatment for AMD, 

we here investigated a new topical ophthalmic formulation based on choline-calix[4]arene (Ch-Cx) 

nanoparticles loaded with silibinin (Slb), a flavonoid extract of silymarin (Silybum Marianum), which 

has multiple biological activities including anti-inflammatory, anti-angiogenic and antioxidant 

properties 
3
. The synthesized Ch-Cx-Slb formulation showed to have good chemical, chemo-physical 

and pre-industrialization requirements for a drug delivery system: size smaller than 100 nm, low 

polydispersity index, stability, appropriate drug loading capacity, suitability of common sterilization 

and lyophilization processes and, finally, a positively charged surface that may increase eye adhesion 

and surface permanence 
4
. In vitro screening was performed to analyze the cell viability and 

pharmacological effects of Ch-Cx-Slb using the human retinal pigment epithelial cells (ARPE-19) 

exposed or not to FeSO4. In vivo assays were carried out using a rat model of AMD-like degeneration 

induced by a single intravitreal injection of FeSO4 and following topical ocular application as collyrium 

of Ch-Cx-Slb, Ch-Cx uncomplexed with Slb or free Slb, once daily for a period of 10 days. 

Immunofluorescence and biochemical analyses demonstrated that Ch-Cx-Slb has a higher protective 

action against RPE/choroid alteration and retinal degeneration by reducing oxidative stress, 

inflammation and VEGF-induced proliferation, when compared to the free components. All data 

support the Ch-Cx as a potential drug delivery system of silibinin or other compounds for the treatment 

of AMD. 
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The current treatment of diabetes disease (Type I and advanced Type II) relies on insulin subcutaneous 

injection.
1
 Because of parenteral administration drawbacks, alternative administration routes have been 

investigated.
2
 Among all, the oral administration may lead to a better glucose regulation exploiting the 

liver first-pass metabolism of insulin, thus preventing the risks of fluctuating glycaemia.
3
 However, the 

oral bioavailability of peptides is very low and several efforts have been attempted to promote insulin 

bowel absorption. Despite all, the oral delivery of insulin remains an unmet need.
1
 The aim of work was 

to prepare, characterize and evaluate both in vitro and in vivo a novel nanoformulated multiple-unit 

colon delivery system, i.e. coated pellets, as a possible oral nanocarrier for insulin. Insulin-loaded 

polymeric nanoparticles (NPs) were synthesized according to previously published protocols with some 

improvements.
4
 The driving force of NPs formation was the opposite charges of polyethyleneimine and 

dextran sulphate resulting in the insulin entrapment into the polymeric matrix. NPs were incorporated 

into cores that were subsequently coated with three overlapping layers, aiming to release insulin into the 

large intestine: this gastrointestinal site is indeed characterized by a relatively low proteolytic activity. 

The system was evaluated in vitro for its physico-technological characteristics, NPs dispersion, 

disintegration and release performance, showing delayed release behaviour. Finally, the coated 

nanoformulation effect was tested in diabetic rats: a significant hypoglycaemic activity, due to the 

synergistic effect of NPs and colon delivery, was observed. Based on the in vivo efficacy, scalable 

process and safety profile, the proposed multitasking system appears a promising way to control 

diabetes.
5
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Tumor endothelial cells show increased levels of expression of several cell surface molecules that 

potentiate cell proliferation, invasion, and survival during tumor vascular remodeling and angiogenesis. 

One such molecule is the V3 integrin, whose overexpression in both tumor-associated vascular 

endothelial cells and various tumor types renders it an eligible biomarker of the cancerous disease.
1
 

Enlightened by successful results in our laboratories dealing with the discovery of a new class of V3-

integrin ligands featuring a cyclic tetrapeptide AmpRGD sequence (Amp = aminoproline), we recently 

envisioned the possibility to use such peptides as decorating moieties of suitable lipopeptides to be used 

in the assemblage of targeted liposomial nanoparticles (LNPs).
2
 The increased cytotoxicity of 

doxorubicin when delivered by AmpRGD-labeled liposomes as compared to the free drug and 

untargeted LNPs was assessed, pointing to the conclusion that these LNPs could constitute good 

vehicles for targeted delivery of cytotoxic drugs.
2
 As a further advancement in the field, and aware of 

the close physical and functional connection between the V3 integrin receptor and the vascular 

endothelial growth factor receptor (VEGFR2), we designed new liposomial nanoparticles wherein the 

exquisite integrin-targeting capability and possible antiangiogenic activity of the AmpRGD decorating 

moieties is complemented by the antiangiogenic activity of popular on-market drugs such as sunitinib, a 

cargo to be loaded within the NPs. Physico-chemical characterization of such liposomes and sunitinib-

loading procedures will be discussed, along with preliminary in vitro biological results aimed at the 

evaluation of the anti-angiogenic activity of these integrated targeted nanoplatforms vis-à-vis the single 

components and covalent counterparts. 
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Nowadays, due to the optical properties of metallic NPs,
1
 the design of stimuli-responsive 

metal/polymer nanocomposite plays an important role in the development of novel smart drug delivery 

systems (DDS), that allow on-demand control of the dose, the timing and the duration of the drug 

release, upon laser light irradiation.  

With this in mind, new remotely-triggered DDS based on both PEG–PLGA_Au and PEG-PLA_Ag 

nanocomposites have been prepared,
2
 and loaded with Silibinin (SLB), a well-known hepatoprotective 

drug whose employment in other pathological diseases is limited by a really low water solubility. The 

metallic NPs have been synthesized by laser ablation and subsequently embedded into the copolymer 

via a modified emulsion–diffusion method.  

A combination of analytical techniques including nuclear magnetic resonance (NMR), static and 

dynamic light scattering (SLS, DLS), gel permeation chromatography (GPC), thermogravimetric 

analysis (TGA), X-ray photoelectron spectroscopy (XPS), infrared (FTIR) spectroscopy and 

scanning/transmission electron microscopies (SEM/STEM/TEM), have been used to study the structural 

and morphological properties of the nanocomposites. 

The ability of the nanoplatforms to release SLB, working as a controlled light triggered DDS, has been 

evaluated. The effects of different laser wavelengths have been investigated pointing out that that the 

drug diffusion shows strong dependences on laser wavelength and metallic NPs Surface Plasmon 

Resonance (SPR).  

 

 

 

 

 

 

 

 

Figure 1. Schematic representation of the stimulated laser light drug 

release from the metal/polymer nanocomposites.  
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Hyaluronic acid (HA), the main component of the extracellular matrix, has shown huge success in a 

variety of biomedical applications, including drug delivery, tissue engineering, and molecular imaging.
1
 

One unique feature of HA relies in the active tumor targeting through selective interactions with 

specific receptors, such as CD44 and RHAMM, typically over-expressed on the surface membranes of 

various tumor cells.
2
 Additionally, HA is an attractive targeting ligand specifically recognized and 

internalized by macrophages that are known to express HA receptors for endocytosis (HARE/Stab2).
3
 

Exploiting these ligand-receptor interaction, the use of HA is now rapidly-growing to improve 

anticancer therapies and macrophages mediated pathologies. Herein, we exploit different synthetic 

strategies to obtain drug/HA bioconiugates. HA-drug systems were characterized to elucidate structure, 

size, charge surface, morphology, drug contents and biological profiles.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Illustration of HA cellular recognition. 
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The ongoing and worldwide challenge in diagnostics is to detect cancer biomarkers at very low 

concentrations to prevent cancer cell proliferation and metastatic diseases. In particular, the estimated 

numbers of new breast cancer cases and deaths in Europe in 2012 is approximately 464,000, collocating 

the breast cancer as the commonest potentially fatal cancer of women.
1
 In this work, we report on the 

use of one-dimensional photonic crystals (1DPC) to detect clinically relevant concentrations of breast 

related cancer biomarkers in cell lysates. To this aim, we developed an optical platform that combines 

both label-free and fluorescence detection. Such platform makes use of 1DPC coated glass microscope 

slides tailored with monoclonal antibodies (BSW biochip) for high specific biological recognition. 

Similar to Surface Plasmon Polaritons (SPP), the excitation of a Bloch Surface Wave (BSW) can be 

obtained by a prism coupler leading to a dip in the angular reflectance spectrum.
2
 The angular position 

of such dip is very sensitive to perturbations of the refractive index at the interface and is exploited for 

bio-sensing applications. Moreover, in presence of fluorescent molecules at the 1DPC surface, the 

platform can interrogate the BSW biochip also in the enhanced fluorescence mode obtaining further 

information on the cancer biomarker assay (see Fig.1).
3
 Results on a clinically relevant breast cancer 

biomarker will be shown and analysed in the extended contribution. 

 

 

Figure 1. Fluorescence spectra obtained at the end of the bio-recognition assay in the reference (absence of the 

cancer biomarker, blue curve) and signal (presence of cancer biomarker, black curve) regions, respectively. The 

red spectrum is the differential signal. 
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Many studies have investigated the use of Coenzyme Q10 (CoQ10) as a therapeutic adjuvant in the 

treatment of cancer patients with radiation and chemotherapy
1
. The aim of this study was the production 

and characterization of three different CoQ10 nanosuspensions for nebulisation. 

Three CoQ10 suspensions were prepared through high pressure homogenization with highly 

biocompatible excipients (drug excipient ratio 1:1): Lipoid S 45, Gelucìre 48/16, Vitamin-E TPGS. 

Suspensions were dispersed at the concentration of 0.5% w/v in water or hydro alcoholic solution 

(70:30, only for lecithin) and then homogenized at 1500 bar with 40 subsequent passages. Ethanol, 

when present, was removed using a rotary evaporator (Rotavapor, Büchi, Switzerland). The 

formulations were characterized in terms of particle size, zeta-potential and median volume diameter. In 

vitro nebulisation efficiency and aerodynamic performance (total drug delivered, DD; drug delivery 

rate, DDR; median mass aerodynamic diameter, MMAD; respirable fraction, RF) was assessed 

nebulising CoQ10 with Pari LC Sprint
®
 ampoule (PARI Pharma GmbH, Germany). 

All preparations were identified as nanosuspensions: particle size of 85.8 ± 1.6 nm for CoQ10:Gelucìre, 

77.9 ± 1.1 nm for CoQ10:lecithin, but the smallest particles were obtained with Vit-E TPGS (38.7 ± 0.1 

nm). Furthermore, all nanoparticles obtained were negatively charged (about -20mV). 

 

 

Figure 1. TEM image of CoQ10: Lipoid S 45 nanosuspension 

 

After the nebulisation, differences were less evident as median volume diameter of the aerosol was 

similar (3.93 µm-3.52 µm). The DDR using LC Sprint
® 

was about 2%/min for all the formulations. The 

DD from the nebulisation system was higher for the preparation containing lecithin (42.17% ± 0.25), 

while for the remaining it was similar (around 30%). The nanosuspension containing Gelucìre presented 

the highest RF (70.6% ± 0.05) and smallest MMAD (3.02 µm ± 0.49). The other two formulations 

presented RF values higher than 55% and MMAD around 4 µm, with the CoQ10:lecithin preparation 

which reported the less bright aerodynamic performance. However, preliminary stability tests showed 

that the only stable formulation after 90 days, was the one containing Vitamin-E TPGS.  

 

 

 

 

 

 

1. T. C. Carvalho, J. P. McCook, N. R. Narain, J. T. McConville,  Journal of liposome research, 

2013, 23, 276  
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Nanotechnology represents a great promise for drug delivery opening new therapeutic opportunities for 

agents that cannot be effectively used for therapeutic use. In fact, nanomedicine has recently received 

increasing attention for its ability to improve the efficacy of cancer therapeutics, imaging tools, 

antibacterial agents and gene delivery vesicles (1, 2, 3).  

As a natural phenomenon, bacteria release Membrane Vesicles (MVs) at a various stages of growth, 

under environmental conditions, or in response to chemical signals. MVs are a demonstrated form of 

communication used by bacteria. 

Since the probiotic Gram positive Lactobacillus reuteri DSM 17938 develops biofilm in vitro 

producing factors which give health benefit to the host, the aim of this study was the ultrastuctural 

characterization of MVs produced from L. reuteri planktonic (pMVs) and biofilm (bMVs) phenotypes. 

The microorganism is capable of generating MVs in both planktonic and biofilm phenotypes. L. reuteri 

DSM 17938 biofilm formation was evaluated by syto 9 staining and Confocal Laser Scanning 

Microscopy (CLSM) analysis. The data obtained in this study demonstrated that L .reuteri developed a 

well-structured biofilm after 24 h of incubation. Moreover, MVs production, in the two phenotypes, was 

confirmed by Scanning Electron Microscopy (SEM) observations. In order to evaluate MVs biological 

composition (as lipids and proteins), pMVs and bMVs were isolated by filtration and ultracentrifugation 

and subsequently submitted at an enzymatic digestion with DNase I, Proteinase K and Phospholipase C 

and finally analyzed by Transmission Electron Microscopy (TEM) and SEM. 

The structure and composition of MVs may provide a relevant information about the use of such 

structures in the development of vesicles-based therapeutic systems. The analysis performed by TEM 

and SEM demonstrated that there are interesting differences both in the ultrastructural organization and 

in dimensions between pMVs and bMVs . 
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Magnetic iron oxide nanoparticles targeted to specific markers on cancer cells have recently emerged as 

a promising technology for delivering and as potential platforms to provide both imaging and therapy. 

Animal studies have demonstrated the potential for successful therapy following systemic or 

intravenous delivery of nanoparticles
1
. The objectives of the nanoparticles are two-fold: to reduce the 

amount of systemic distribution of the cytotoxic drug, thus reducing the associated side-effects; and to 

reduce the dosage required by more efficient, localized targeting of the drug. The novelty of our 

approach to BSA-HA@Fe3O4 summarized in Figure 1 is to combine two types of coating: both BSA and 

HA could have an important synergic role. The protein could stabilize the nanoparticle preventing the 

aggregation of the nanoparticles, while the polymer could prolong the circulation in the bloodstream 

and bind the nanoparticles to receptors of the cancer cells. Since both the biological elements are 

suitable carriers for various anti-cancer drugs, it allows to manage and to test different drugs. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. BSA-HA@Fe3O4 preparation 

 

BSA and HA were thought to be covalently linked to the surface of Fe3O4 magnetic core, in order to 

obtain a strong interaction between the bioorganic layer and the inorganic core. The covalent bond 

between HA/BSA and Fe3O4 was realized by using a linking moiety, dopamine (DA), bearing suitable 

functional groups to react with both HA or BSA and Fe3O4. Indeed, dopamine was shown to easily bind 

to Fe3O4 as a bidentate enediol ligand and to be a robust and stable anchor group to functionalise Fe3O4 

nanoparticles with functional molecules. Oleic acid coating was used to stabilize Fe3O4 and to enhance 

the exchange with dopamine (DA). 

 

1. R. Ivkov et al, Nanomedicine, 2012, 7, 1697. 
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