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Monday, 17 October 
 
8:30 REGISTRATION 
10:20 OPENING 
 
Institutional welcome by Prof. Fabiana Quaglia (Coordinator of the Research 
Committee, Department of Pharmacy, University of Naples Federico II) 
 
10:30 PLENARY LECTURE (40+10min Q/A) 
 
Chairperson: Gabriella Costabile, University of Naples Federico II 
 
Prof. Olivia Merkel, University of Munich Ludwig-Maximilians 
Drugging the Undruggable with Pulmonary RNA Delivery 
 
11:20 SESSION 1 
 
Chairperson: Iolanda Francolini, University of Rome La Sapienza 
 
ORAL COMMUNICATIONS (10+2min Q/A) - CANCER RESEARCH 
 
Cecilia Pozzi, University of Siena 
Structural characterization of YAP-TEAD4 protein-protein interaction: an 
emerging target for cancer treatment 
 
Anna Di Porzio, University of Naples Federico II 
Design, synthesis, biophysical and biological characterization of carbonic 
anhydrase inhibitors- Berberine hybrids as new multi-target anti-cancer agents 
 
Fabio Di Nardo, University of Torino 
A lateral flow immunoassay for the detection of urinary prostate specific antigen 
(uPSA) 
 
Rosa Bellavita, University of Naples Federico II 
Self-assembled peptide-based nanofibers at the crossroad of breast cancer 
challenge: new targeting and treatment opportunities 
 
12:20 SESSION 2 
 
Chairperson: Iolanda Francolini, University of Rome La Sapienza 



 
ORAL SLIDE&TALK (5min) – SMART AND ADAPTIVE MATERIALS 
 
Ahmed Mahmoud, International Iberian Nanotechnology Laboratory (INL) 
Polydopamine-Inspired Fabrication of SERS Biosensing Platforms 
 
Benedetta Brugnoli, University of Rome La Sapienza 
Smart polydiacetylenes nanosystems as drug delivery and in vitro and in vivo cell 
tracking 
 
Biagio Todaro, Scuola Normale Superiore 
Synthesis optimization and fluorescence-lifetime imaging microscopy 
characterization of Pioglitazone-loaded nanoparticles 
 
Concetta Di Natale, University of Naples Federico II 
Multifunctional microneedles as novel therapeutic strategies for Triple-negative 
breast cancer 
 
Giovanni Falcone, University of Salerno 
Design and manufacturing of alginate soft tablets via semi solid extrusion 3D 
printing 
 
Elena Lagreca, Italian Institute of Technolgy/University of Naples Federico II 
Development of Cell membrane-coated oil in water nano-emulsions as 
biomimetic nanocarriers 
 
13:00 LUNCH 
 
14:15 SESSION 3 
 
Chairperson: Michele Schlich, University of Cagliari 
 
ORAL COMMUNICATIONS (10+2min Q/A) – RECOGNITION (BIO)ELEMENTS 
 
Andrea Patrizia Falanga, University of Naples Federico II 
Synthesis, characterization and delivery of peptide nucleic acids targeting Bcl-2 
gene promoter: a potential tool for cancer treatment 
 
Alessandro Bertucci, University of Parma 
Dynamic nucleic acid nanostructures as molecular and interfacial transducers in 



biosensor design 
 
Gemma Conte, University of Naples Federico II 
Hybrid lipid/polymer nanoparticles to tackle the cystic fibrosis mucus barrier in 
siRNA delivery to the lungs 
 
Silvia Rinaldi, Italian National Council of Research (Firenze) 
A dynamic recognition of t1-adenosine sheds new lights on human Argonaute-2 
protein target affinity 
 
Simone Fortunati, University of Parma 
Electrochemical magnetic genoassay for detection of mutated KRAS oncogene 
in liquid biopsy contexts 
 
15:20 SESSION 4 
 
Chairperson: Michele Schlich, University of Cagliari 
 
ORAL SLIDE&TALK (5min) – CANCER RESEARCH 
 
Daniele Florio, University of Naples Federico II 
Small enhancers of amyloid aggregation of mutated Nucleophosmin: novel 
therapeutics in Acute Myeloid Leukemia 
 
Alice Della Valle, University of Chieti Gabriele D’annunzio 
Sulfonamides as aromatase inhibitors 
 
Binh Thanh Mai, Trinity College of Dublin 
Multi-functional polymeric nanostructures for biomedical applications 
 
Ilaria Arduino, University of Bari Aldo Moro 
Microfluidic preparation of tumor homing biomimetic hybrid liposome 
 
Anna Fontana, University of Siena 
Identification of azetidin-2-one core for the development of dual 
hHDAC6/hHDAC8 inhibitors as antiproliferative agents 
 
15:50 COFFEE BREAK 
 
16:20 INVITED TALK (20+5min Q/A) 



 
Chairperson: Claudia Conte, University of Naples Federico II 
 
Dr. Thomas Moore, IIT Genova 
Nanomedicines: From formulation development to crossing biological barriers 
 
16:50 SESSION 5 
 
Chairperson: Marco Mendolicchio, Scuola Superiore Meridionale 
 
ORAL COMMUNICATIONS (10+2min Q/A) – SKIN-RELATED 
 
Giuseppe Arrabito, University of Palermo Emilio Segrè 
Self-cleaning ZnO/ITO/PET Bending Sensors 
 
Maddalena Sguizzato, University of Ferrara 
Transdermal delivery of antioxidant-loaded ethosomes: formulation, 
application and activity on the skin 
 
17:15 SESSION 6 
 
Chairperson: Marco Mendolicchio, Scuola Superiore Meridionale 
 
ORAL SLIDE&TALK (5min) – EYES-RELATED 
 
Teresa Silvestri, Italian Institute of Technology 
Formulation and characterization of Poly(lactic-co-glycolic acid) based 
microparticles for intravitreal injection 
 
Rosa Sparaco, University of Naples Federico II 
Synthesis of new molecular hybrids of antiglaucoma drugs and H2S donors 
 
Elide Zingale, University of Catania 
Optimization of a lipid nanoplatform by Response Surface Methodology to 
improve the ocular delivery of diosmin: characterization and in-vitro 
antinflammatory assessment 
 
17:30 CLOSING AND SOCIAL ACTIVITIES 
 
 



Tuesday, 18 October 
 
9:15 PLENARY LECTURE (40+10min Q/A) 
 
Chairperson: Stefano Cinti, University of Naples Federico II 
 
Prof. Luisa Torsi, University of Bari Aldo Moro 
Sensing at the zeptomolar concentration level with large area bioelectronic 
interfaces 
 
10:05 SESSION 7 
 
Chairperson: Vincenzo Taresco, University of Nottingham 
 
ORAL COMMUNICATIONS (10+2min Q/A) – QUALITY CONTROL 
 
Federica Moccia, University of Naples Federico II 
Chestnut wood mud as a source of ellagic acid for dermo-cosmetic applications 
 
Donato Calabria, University of Bologna Alma Mater Studiorum 
A 3D-printed electrochemiluminescent enzymatic biosensor based on luminol-
H2O2 system for glucose quantification in pharmaceutical products 
 
Francesca Clemente, University of Florence 
2-Octyl trihydroxypiperidine lead compound: synthesis of analogues and 
screening on neuronal precursors cells for Parkinson disease 
 
10:40 SESSION 8 
 
Chairperson: Vincenzo Taresco, University of Nottingham 
 
ORAL SLIDE&TALK (5min) – VIRAL RESEARCH 
 
Roberta Bivacqua, University of Palermo 
Search for novel anti SARS-CoV-2 agents targeting Nsp13: computational studies 
and biological evaluations 
 
Margherita Izzi, University of Bari Aldo Moro 
Analytical characterization of nanoantivirals reducing the persistence of SARS-
CoV-2 on common-touch surfaces 



 
Agnese Bondi, University of Ferrara 
Smart gels containing natural polyphenols against HSV-1 infection: a 
comparative study 
 
Simone Cavalera, University of Torino 
Development of an antigen lateral flow immunoassay for the on-field detection 
of African Swine Fever virus in lymph nodes and spleen from wild boars 
 
11:00 COFFEE BREAK 
 
Chairperson: Stefano Cinti, University of Naples Federico II 
 
11:30 SPONSOR TALK: ALFATEST 
 
11:45 SESSION 9 
 
Chairperson: Flavio Della Pelle, University of Teramo 
 
ORAL COMMUNICATIONS (10+2min Q/A) – MULTI ANALYSIS/SYNTHESIS 
 
Andrea Cerrato, University of Rome La Sapienza 
A novel approach based on an aza-Paternò-Büchi reaction for the evaluation of 
the double bond regio-distribution in untargeted lipidomics 
 
Nicolò Riboni, University of Parma 
Metabolome of 16th century dental calculus: the case of Alessandro Farnese, 
duke of Parma, and his wife duchess Maria D’Aviz 
 
Federica Sodano, University of Naples Federico II 
Microwave- and ultrasound-assisted synthesis of DM1 and DM2: application and 
optimization, in silico studies, and evaluation of their anti-absence activity in 
vitro and in vivo 
 
Veronica Ghini, University of Florence 
NMR profiling in COVID-19 disease course 
 
12:40 SESSION 10 
 
Chairperson: Flavio Della Pelle, University of Teramo 



 
ORAL SLIDE&TALK (5min) – RELEVANT SPECIES 
 
Silvia Dortez, University of Alcalà 
Serum iron accurate determination by microfluidic paper-based analytical device 
with smartphone readout 
 
Sara Pesavento, University of Verona 
A low-cost and portable device for cyanide detection in cadaveric blood with a 
smartphone camera 
 
Rocco Cancelliere, University of Rome Tor Vergata 
Powerful electron-transfer screen-printed platforms as bio-sensing tools for uric 
acid determination 
 
Rita Puglisi, Kings College London 
A novel RNA-binding mechanism mediated by disordered regions in LARP4a and 
LARP4b 
 
Andrea Cappucciati, University of Pavia 
The growing interest for CBD: the case of liquid for e-cigarettes 
 
Daniela Mennickent, University of Concepciòn 
Prediction of gestational diabetes mellitus with near-infrared-based 
chemometrics models 
 
Sima Singh, University of Naples Federico II 
Microwave-assisted MXene-Co3O4 nanocomposite-based architectures as 
promising sensing materials toward hydrogen peroxide and its biosensing 
applications in cancer 
 
13:20 LUNCH 
 
14:40 INVITED TALK (20+5min Q/A) 
 
Chairperson: Nunzia Iaccarino, University of Naples Federico II 
 
Dr. Gabriella Pinto, University of Naples Federico II 
Development of an LC-MRM/MS method to monitor SARS-COV-2 proteins from 
nasopharyngeal swabs and serum proteins in virus-affected subjects 



 
15:05 SESSION 11 
 
Chairperson: Francesco Merlino, University of Naples Federico II 
 
ORAL COMMUNICATIONS (10+2min Q/A) – FUNCTIONAL NANOPLATFORMS 
 
Vincenzo Taresco, University of Nottingham 
Functional/bio-renewable initiators for the ring-opening polymerisation (rop) of 
biodegradable lactide based polyesters 
 
Annalisa Scroccarello, University of Teramo 
Affordable colorimetric devices integrating plasmonic nanostructures. 
Smartphone-based disinfection treatments monitoring as a case study 
 
Gemma Palazzolo, IIT Genova 
Magnesium-tailored alginate as a novel biopolymer for brain regenerative 
medicine 
 
Angela Bonaccorso, University of Catania 
Design of different nanoplatforms intended for nose-to-brain delivery of 
fluorescent-, small- or biological molecules 
 
16:00 SESSION 12 
 
Chairperson: Francesco Merlino, University of Naples Federico II 
 
ORAL SLIDE&TALK (5min) – CANCER RESEARCH 
 
Simona Marzano, University of Naples Federico II 
Balancing affinity, selectivity and cytotoxicity of Hydrazone-based G Quadruplex 
ligands for activation of interferon β gene in cancer cells 
 
Romualdo Troisi, University of Naples Federico II 
Structural features of thrombin binding aptamers: oligonucleotides with great 
potential in therapeutic and diagnostic applications 
 
Fortuna Ponte, University of Calabria 
The contribution of computations to the elucidation of the mechanism of action 
of Pt(IV) prodrugs: successes, failures, and future perspective 



 
Davide Ialongo, University of Rome Sapienza 
New pyrimidine derivatives as potential disruptors of the aurka/n-myc 
interaction 
 
Giuliana Siragusa, University of Verona 
Epiproteomics of progressively de-differentiated pancreatic cancer stem cells 
based on super- SILAC mass spectrometry 
 
Cristina Parisi, University of Catania 
A Doxorubicin-NO Releaser Molecular Hybrid Activatable by Green Light to 
Overcome Resistance in Breast Cancer Cells 
 
16:30 POSTER SESSION 1 
 
POSITION 0 
Andrea Capucciati, University of Pavia 
Light and Electricity: strategies for the oxidation of C-H bonds. 
 
POSITION 1 
Daniela Benigno, University of Naples Federico II 
G-Quadruplex aptamer T30175 and Its Derivatives: Exploring New Potential 
Anticancer Activities. 
 
POSITION 2 
Matteo Mari, University of Modena and Reggio Emilia 
Pyrimidinic curcumin derivatives for colorectal cancer diagnosis: synthesis, 
characterization, and cold labelling. 
 
POSITION 3 
Marco Mendolicchio, Scuola Superiore Meridionale 
Vibrational spectroscopy in curvilinear coordinates: application to biological 
systems and their building blocks. 
 
POSITION 4 
Rossella Svigelj, University of Udine 
An Electrochemical Aptasensor Based on Gold Nanoparticles for Gluten 
Detection. 
 
POSITION 5 



Anna Giorgio, University of Padova 
Selective αvβ3 [99mTc][Tc(N)PNP]-tagged RGDechi peptides: metabolites 
identification. 
 
POSITION 6 
Carolina Canè, University of Naples Federico II 
Antimicrobial peptide Temporin-L induces vesicle formation and reduces the 
virulence in S. aureus. 
 
POSITION 7 
Laura Pérez Gutiérrez, University of Perugia/University of Granada 
Optimization of Pressure-Assisted Microsyringe (PAM) 3D printing process for 
the development of sustainable bioadhesive patches. 
 
POSITION 8 
Carmela Maria Montone, University of Rome Sapienza 
A rapid and innovative enrichment approach for the metaproteomic 
characterization of dissolved organic matter in groundwater. 
 
POSITION 9 
Cameron Devine, University of Nottingham 
A modular theranostic system for vascular disease. 
 
POSITION 10 
David Cohen, University of Nottingham 
Real Time Histology: Using Magnetic Resonance Imaging to Visualise 
Macrophage Polarisation State 
 
POSITION 11 
Chiara Nosengo, University of Ferrara 
Enrichment of a critical impurity in a therapeutic peptide. 
 
POSITION 12 
Antonia Scognamiglio, University of Naples Federico II 
Design and synthesis of NCX3 modulators for the treatment of neurological 
disorders. 
 
POSITION 13 
Giorgia Andreozzi, University of Naples Federico II 
Synthesis and evaluation of serotoninergic ligands with antiproliferative 



activity. 
 
POSITION 14 
Michele Schlich, University of Cagliari 
Pharmaceutical Development and In Vivo Study of Intravenous Vesicular 
Epinephrine – the REVIVE project. 
 
POSITION 15 
Elisa Lazzarini, University of Bologna Alma Mater Studiorum 
A portable colorimetric chemosensor for the quantification of antioxidant 
power in food samples exploiting the in situ AuNPs synthesis. 
 
POSITION 16 
Andrea Pace, University of Bologna Alma Mater Studiorum 
A Guanosine-Derived Supramolecular Hydrogel with DNAzyme-like peroxidase 
activity as a novel platform for hydrogen peroxide detection. 
 
POSITION 17 
Isabella Romeo, University of Catanzaro Magna Grecia 
Targeting SARS-CoV-2 Nsp13 helicase and assessment of druggability pockets: 
identification of two potent inhibitors by a multi-site computational approach. 
 
POSITION 18 
Marica Erminia Schiano, University of Naples Federico II 
Quantitative Determination of BPA and its Congeners in Food Matrices by Liquid 
Chromatography Coupled to Tandem Mass Spectrometry. 
 
POSITION 19 
Aristoniki Ioannou, European University of Cyprus 
The toxicological impact of Covid-19 on the Hospital Acquired Infections: A 
bibliographical review. 
 
POSITION 20 
Francesca Alessandra Ambrosio, University of Catanzaro Magna Grecia 
Virtual Screening studies for the discovery of new proteasome inhibitors. 
 
POSITION 21 
Vincenza Armenise, University of Bari Aldo Moro 
Atmospheric pressure cold plasma to activate liquids and hydrogels for the 
biomedical field. 



 
POSITION 22 
Federica Curcio, University of Calabria 
Preparation and study of solid lipid nanoparticles based on curcumin and 
resveratrol containing linolenic acid. 
 
POSITION 23 
Giorgia Maurizii, University of Urbino Carlo Bò 
3D printed EVA-based patches manufactured by direct powder extrusion for 
personalized transdermal therapies. 
 
17:30 CLOSING REMARKS 
 
Wednesday, 19 October 
 
9:15 PLENARY LECTURE (40+10min) 
 
Chairperson: Stefano Tomassi, University of Naples Federico II 
 
Prof. Maria Laura Bolognesi, University of Bologna Alma Mater Studiorum 
Multi-target-directed ligands for neurodegeneration: expanding the toolbox 
 
10:05 SESSION 13 
 
Chairperson: Francesca Musumeci, University of Genova 
 
ORAL COMMUNICATIONS (10+2min Q/A) – NANOPARTICLES & 
NANOSTRUCTURES 
 
Nina Bono, Polytechnic University of Milan 
Improving nanoparticles uptake through mechanical cell priming 
 
Peter Harvey, University of Nottingham 
Contrast agents for molecular MRI 
 
Valeria La Pietra, University of Naples Federico II 
Mdm2/4 heterodimer inhibitors and 5-FU as novel nanparticle-mediated 
combination for cancer fighting 
 
10:45 SESSION 14 



 
Chairperson: Francesca Musumeci, University of Genova 
 
ORAL SLIDE&TALK (5min) – LIGHT-RELATED 
 
Vittorio Ferrara, University of Palermo Emilio Segrè 
Design of Chitosan Hydrogel loaded with Visible Light Sensitive N-doped TiO2 for 
Biomolecules Degradation 
 
Federica Blua, University of Torino 
Design and synthesis of SWIR emitters for optical imaging 
 
Mariacristina Failla, University of Torino 
New tools against multidrug resistance: a novel peroxynitrite-photodonor 
activable with Red Light 
 
11:10 COFFEE BREAK 
 
11:40 SESSION 15 
 
Chairperson: Margherita Brindisi, University of Naples Federico II 
 
ORAL COMMUNICATIONS (10+2min Q/A) – VIRAL RESEARCH 
 
Luisa D’Anna, University of Palermo 
Salphen-like metal complexes and their interaction with viral and human G-
quadruplex DNA and RNAs 
 
Alessandro Porchetta, University of Rome Tor Vergata 
Rational design of hairpin DNA reporters for enhanced CRISPR-based detection 
of viruses and bacteria 
 
Sveva Pelliccia, University of Naples Federico II  
a-Ketoamides as SARS-CoV-2 Main Protease Inhibitors 
 
12:15 SESSION 16 
 
Chairperson: Margherita Brindisi, University of Naples Federico II 
 
ORAL SLIDE&TALK (5min) – ECO-FRIENDLY 



 
Sara Viggiano, University of Naples Federico II 
Eco-friendly and mussel-inspired hydrogels and glues from soy proteins and 
natural polyphenols for wound treatment applications 
 
Martina Lenzuni, IIT Genova 
Static and dynamic analysis of plant-based coatings for drug-eluting stents 
 
Desiree Bozza, University of Ferrara 
Promising green alternatives to replace acetonitrile in preparative liquid 
chromatography for the purification of a bioactive peptide 
 
Federico Fanti, University of Teramo 
Determination of modulation of oxysterols Profile in Zebrafish Embryos e 
xposed to xenobiotics by means LC-MS/MS 
 
12:35 POSTER SESSION 2 
 
POSITION 24 
Federica Falbo, University of Calabria 
Multi-fingerprint Similarity Search algorithm-assisted Discovery of Morin and 
Chrysin derivatives as new CaV1.2 channel inhibitors. 
 
POSITION 25 
Debora Carozza, University of Modena and Reggio Emilia 
Large pore mesoporous silica (LPMS) suitable for therapy application in the drug 
delivery of unconventional large molecules. 
 
POSITION 26 
Silvia De Caro, University of Pavia 
Biological oxidations and nitrations promoted by heme-Aβ16 complex. 
 
POSITION 27 
Diletta Bergamo, University of Parma 
Design and synthesis of new peptidomimetic membranolytic compounds and 
preliminary evaluation of their antimicrobial activity. 
 
POSITION 28 
Chiara Spaggiari, University of Parma 
Metabolite profiling and bioactivities of leaves, stems and flowers of Rumex 



usambarensis (Dammer) Dammer, a traditional African medicinal plant. 
 
POSITION 29 
Salvatore Rizzo, University of Catania 
Total food grade approach for the preparation of colon-targeted microcarriers 
for nutraceutical delivery 
 
POSITION 30 
Angela Corvino, University of Naples Federico II 
Development of multi-target hydrogen sulfide releasing hybrids as novel anti-
asthma agents. 
 
POSITION 31 
Alessia Romeo, University of Catania 
Optimization of a novel mucoadhesive hybrid platform for topical melatonin 
delivery to the posterior eye segment: in vitro studies on a diabetic retinopathy 
model. 
 
POSITION 32 
Chiara Gnocchi, Istituto Italiano di Tecnologia 
Zein-based spray-dried microparticles for wound healing applications. 
 
POSITION 33 
Fabiola Eugelio, University of Teramo 
Microextraction of Endocannabinoids and related compounds in biological 
matrices and analysis by means LC-MS/MS. 
 
POSITION 34 
Sara Rossi, University of Siena 
Design and synthesis of Mpro inhibitors focused on exploration of appropriate 
heterocyclic systems for the S3/S4 sub-sites. 
 
POSITION 35 
Sabrina Romanò, University Cattolica Sacro Cuore 
FTIR analysis of circulating extracellular vesicles for cancer liquid biopsy. 
 
POSITION 36 
Camilla Russo, University of Naples Federico II 
Photomicellar catalyzed synthesis of amides from isocyanides: optimization, 
scope, and NMR studies of photocatalyst/surfactant interactions. 



 
POSITION 37 
Raffaele Graziano, University of Naples Federico II 
Ultraviolet resonance Raman spectroscopy to investigate cytosine epigenetic 
modifications and conformational changes in G-quadruplex DNA. 
 
POSITION 38 
Federica Daria, University of Naples Federico II 
Targeting DNA G-quadruplex in KRAS oncogene promoter: physicochemical and 
biological studies. 
 
POSITION 39 
Charlotte E. Gidman, University of Nottingham 
Expanding the Horizons of Imaging: Real Time Tracking of Drugs in the Brain. 
 
POSITION 40 
Giuseppe Longobardi, University of Naples Federico II 
Polymeric nanoparticles delivering a combination of 5-FU and MDM2/4 inhibitors 
to fight colon cancer. 
 
POSITION 41 
Antonella Vitiello, University of Naples 
Zein/ HP-beta-CD nanoparticles as a novel platform to enhance Cannabidiol 
delivery. 
 
POSITION 42 
Loyan Salah, University of Nottingham 
Molecular Imaging of Inflammation. 
 
POSITION 43 
Debora Santonocito, University of Catania 
Evaluation of Innovative Technologies as Manufacturing Methods for Solid Lipid 
Nanoparticles Powders. 
 
POSITION 44 
Francesco Falciani, University of Bologna Alma Mater Studiorum 
Development of a Method based on Multi Potential Steps and Scanning 
Electrochemical Microscopy for evaluating Single Living Cells Oxygen 
Consumptions. 
POSITION 45 



Francesca Musumeci, University of Genova 
Design and synthesis of a new series of pyrazolo[3,4-d]pyrimidines active as SGK1 
inhibitors in ovarian cancer cell models. 
 
POSITION 46 
Pouria Savadi, University of Campania Luigi Vanvitelli 
Surface Engineering of PLGA Nanoparticles with Poly (vinyl alcohol) to Overcome 
the Airway Mucus barrier. 
 
13:35 LUNCH 
 
14:45 INVITED TALK (20+5min Q/A) 
 
Chairperson: Francesco Saverio Di Leva, University of Naples Federico II 
 
Dr. Antonella Ciancetta, University of Ferrara 
MIDAS: a combined enhanced sampling molecular dynamics and fragment-based 
approach to locate allosteric binding sites in G protein-coupled receptors 
 
15:10 SESSION 17 
 
Chairperson: Silvia Rinaldi, National Research Council of Italy 
 
ORAL COMMUNICATIONS (10+2min Q/A) – INHIBITION-CENTERED 
 
Veronica Di Sarno, University of Salerno 
Identification of new β-Carboline-based TRPM8 antagonists: in Vitro and in Vivo 
pharmacological characterization 
 
Antonella Ilenia Alfano, University of Naples Federico II 
Intertwining continuous flow, organocatalysis and sustainable chemistry for the 
synthesis of medicinally relevant (spiro)indolines 
 
Chiara De Luca, University of Ferrara 
Enrichment of critical peptide impurities through modern preparative liquid 
chromatographic process 
 
Giusy Tassone, University of Siena 
Structural characterization of human Heat shock protein 90 N-terminal domain 
in complex with a potent 1,2,3-triazole based inhibitor 



 
Simona Musella, University of Salerno 
In silico assisted study and in vitro characterization of dual 5-LOX/sHE inhibitors 
with in vivo anti-inflammatory properties 
 
16:15 SESSION 18 
 
Chairperson: Silvia Rinaldi, National Research Council of Italy 
 
ORAL SLIDE&TALK (5min) –Heart & Brain 
 
Valeria Nele, University of Naples Federico II 
Self-assembling nanoparticles to tackle neurodegeneration 
 
Silvia Conti, IIT Genova 
Intracellular and extracellular recording of cardiomyocyte action potentials 
using organic electrochemical transistors 
 
Alessio Lenzi, University of Pisa 
MS-based assay for the determination of natriuretic peptides in saliva and 
plasma samples 
 
Chiara Bacchella, University of Pavia 
The biochemistry of metal-protein complexes in neurodegenerative diseases 
 
Giada Botti, University of Ferrara 
New homodimeric prodrugs of ferulic acid: formulative studies to obtain solid 
lipid microparticulate systems 
 
Matilde Murari, University of Verona 
Zebrafish larvae as a model to study the metabolism of new psychoactive 
substances: a comparison with mice by using High Resolution Mass 
Spectrometry 
 
16:45 AWARDS 
 
17:15 CLOSING CEREMONY 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

 

PLENARY LECTURES



 

Drugging the undruggable with Pulmonary RNA Delivery 
 

Olivia Merkel 

 
Department of Pharmacy, Faculty of Chemistry and Pharmacy, Ludwig-Maximilians-Universität München, 

Germany 
Olivia.merkel@lmu.de 

 
To meet the medical need of efficient nucleic acid delivery beyond the liver, we rationally design inhalable 
and biocompatible nanocarriers for efficient RNA delivery to the lung. Delivery is the major hurdle thwarting 
the therapeutic potential of RNA medicines. While all siRNA drugs on the market target the liver, the lung 
offers a variety of currently undruggable targets which could be treated with RNA therapeutics. Hence, 
nebulizable and biocompatible nanocarriers for pulmonary administration of RNA nanoparticles could finally 
enable delivery beyond the liver.  
This seminar will cover therapeutic approaches of RNA delivery for the treatment of asthma, COVID-19 and 
lung cancer with tailor-made formulations optimized for inhalation delivery as spray-dried powder aerosols.  
The presented interdisciplinary and translational projects have led to the identification of efficient nucleic 
acid nanoformulations for pulmonary delivery.  

 
 

 



 

Sensing at the zeptomolar concentration level with large 
area bioelectronic interfaces 

 
Luisa Torsi 

 
Dipartimento di Chimica, Università degli Studi di Bari “Aldo Moro”, 70125 Bari (Italy). 

 
Nanosized interfaces have been the favoured route to single-molecule detections so far. However, because 
of the so-called diffusion-barrier issue, such near-field approaches, encompassing nano-wire transistors but 
also nanopores and many others, are, not able to detect at concentrations lower than nanomolar. 
Bioelectronic field-effect transistors endowed with large-area (mm2 wide) detecting interfaces, are 
perceived as unsuited too, because the footprint of a single molecule is negligible when compared to a large 
detecting interface. This is challenging as it would be like detecting a single droplet impacting on a kilometer-
wide surface. However, many different groups have published data proving that field-effect large-area 
biosensors can detect at limit-of-detection of femtomolar and below.  
Moreover, these single-molecule large-area bioelectronic based technologies can involve small readers, are 
fast, easy to operate directly in the fluid to be analyzed, and the electronic outputs are already in a convenient 
digital form so that an easy transfer to app is possible. Moreover, they can be fabricated by cost-effective 
technologies including printing and other direct-writing processes. Hence, ultrasensitive large area 
bioelectronic sensors are likely to have a bright future in healthcare. This lecture will give an overview of this 
field, discussing device architectures, materials used, and target analytes that can be selectively detected as 
well as the sensing mechanisms. 
 
References 
[1] The 2021 flexible and printed electronics roadmap, Yvan Bonnassieux at al. Flexible and Printed 
Electronics, volume 6 (2), article number: 023001 (2022) DOI: 10.1088/2058-8585/abf986  
[2] Electrolyte-gated transistors for enhanced performance bioelectronics, Fabrizio Torricelli et al.   Nature 
Reviews Methods Primers, volume 1, Article number: 66 (2021) DOI:10.1038/s43586-021-00065-8 
[3] Large-Area Interfaces for Single-Molecule Label-free Bioelectronic Detection, Eleonora Macchia,  Fabrizio 
Torricelli, Paolo Bollella, Lucia Sarcina, Angelo Tricase, Cinzia Di Franco, Ronald Österbacka, Zsolt M. Kovács-
Vajna, Gaetano Scamarcio, and Luisa Torsi*, Chemical Review 2022 
 

 
 
 
 
 
 
 
 
 
 
 
 



 

Multi-target-directed ligands for neurodegeneration: 
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Since the 2000, multi-target-directed ligands (MTDLs) have represented a new therapeutic modality and have 
been the focus of great interest, owing to potential advantages over traditional single-target drugs with 
respect to their ability of addressing complex neurodegenerative disease etiologies, simplifying therapeutic 
regimens, reducing side effects. In the years, the field has matured, and the design elements for successful 
MTDLs have been increasingly elucidated. Importantly, several neurodegenerative diseases have been 
tackled by MTDLs, and expansion of knowledge in this area seems a key opportunity for traversing the “Valley 
of Death”. In this talk, I will discuss lessons learned about MTDLs for Alzheimer’s disease, amyotrophic lateral 
and multiple scleroses and review hybrids, conjugates and fragment-like molecules from our research that 
could expand the toolbox for MTDL drug discovery.  
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Nanomedicines have found considerable acclaim in recent years:  from drug delivery vehicles and gene 
therapy vectors to imaging agents. This is especially highlighted by the recent rapid development of 
nanoparticle-based vaccines to combat the SARS-CoV-2 pandemic, which underscores the utility and potential 
of nanomedicines. However, there are certain critical challenges that need to be addressed to broaden the 
applicability and increase the feasibility of nanoparticle delivery systems:  namely the development of 
scalable, high-throughput synthesis methods, understanding the fundamental interactions of nanomaterials 
with biological systems (from a systemic to a cellular level), and finding ways to transport particles across 
biological barriers [1-3]. Here I will present research ranging from nanomedicine formulation development to 
methods of delivering nanoparticles across biological barriers. I will explore how advanced analytical 
methods (i.e. artificial intelligence and machine learning) can be applied towards the “wet sciences,” in 
particular towards optimization of microfluidic micro-mixing for nanoparticle synthesis. Furthermore, I will 
present experimental methods to enhance particle transport across biological barriers such as the use  “cell 
hitchhiking”  discoidal polymeric nanoconstructs (DPNs) which can exploit cells’ natural ability to navigate 
endothelial and extravascular barriers to arrive at a pathological target.  
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Figure 1.  Schematic showing the microfluidic mixing process and factors affecting nanopartice synthesis. Results of a machine learning 
model show predicted areas of “successful” particle synthesis. Microscopy images show human monocyte-like cells with discoidal 
polymeric nanoconstructs adsorbed to the cell surface. 
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Numerous reverse transcription polymerase chain reaction (RT-PCR) tests have emerged over the past year 
as the gold standard for detecting millions of cases of SARS-CoV-2 reported daily worldwide and the response 
to the virus. However, problems with critical shortages of key reagents such as PCR primers and RNA 
extraction kits and unpredictable test reliability related to high viral replication cycles have triggered the need 
for alternative methodologies to PCR to detect specific COVID-19 proteins. Several authors have developed 
methods based on liquid chromatography with tandem mass spectrometry (LC-MS/MS) to confirm the 
potential of the technique to detect two major proteins, the spike (S) and the nucleoprotein (N)of COVID-19 
[1-3].  
In the present work, an S-Trap mini spin column digestion protocol was recently developed for sample 
preparation prodromal to LC-MS/MS analysis in multiple reactions monitoring (MRM) ion mode to obtain 
comprehensive methods capable of detecting different viral proteins [4] and some of those proteins involved 
in the virus response (Figure 1).  
 

 
 
Figure 1: workflow for the detection of viral proteins in sasopharyngeal swabs (panel A) and human proteins 
in sera of patients affected by SARS-COV-2 (panel B). 



 
 
The first developed method was applied to n. 81 oro/nasopharyngeal swabs submitted in parallel to 
quantitative reverse transcription PCR (RT-qPCR) assays to detect RdRP, the S and N genes specific for COVID-
19, and the E gene for all Sarbecoviruses, including SARS-CoV-2 (with cycle negativity threshold set to 40) 
(Figure 1A). A total of 23 peptides representative of the six specific viral proteins were detected by monitoring 
128 transitions resulted to have good ionic currents extracted from clinical samples that reacted differently 
to the PCR assay. The best instrumental response came from the FLPFQFGR sequence of spike (f558-566) 
peptide used to test the analytical performance of the method with good sensitivity with a low false-negative 
rate.  
Moreover, a panel of roughly 60 proteins involved in the inflammatory proteins and coagulation factors was 
monitored in 60 human sera affected by SARS-CoV-2 and compared with control sera (Figure 1B). Among the 
monitored proteins, 63% were significantly dysregulated (mostly upregulated in virus-affected sera) whereas 
40% were involved in the inflammatory response, 20% in the coagulation cascade, and 40% in positive 
chemotaxis.  
The monitoring of transitions by using a targeted MS approach has the great potential to detect the 
fragmentation reactions of any peptide molecularly defined by a specific amino acid sequence with good 
sensitivity and specificity. This aspect offers the extensibility of the LC-MRM/MS approach to any viral 
sequence including new variants and any human serum protein involved in the viral response.   
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With 475 approved agents (34% of marketed drugs) and ≥300 candidates in clinical trials, G protein-coupled 
receptors (GPCRs) are the most sought after drug targets in the human genome. Despite the therapeutic 
success, developing GPCR drugs with desired sub-type selectivity and reduced side-effects is challenging. The 
high degree of sequence conservation in the orthosteric binding site, i.e. where the endogenous ligand binds, 
targeted by conventional drug candidates often leads to simultaneous activation/blockade of several GPCRs 
within a sub-family, that can in turn account for severe side-effects. A strategy to overcome this issue is to 
develop allosteric modulators (AMs) targeting sites spatially distinct from the highly conserved orthosteric 
sites, termed allosteric binding sites (ABSs). Until recently, the location of ABSs in GPCRs was largely 
unknown and AMs were discovered through cost-intensive and time-consuming high-throughput screening. 
Recent breakthroughs in structural biology provided several experimental three-dimensional structures of 
GPCRs in complex with AMs, thus opening new opportunities to develop computer-aided strategies to locate 
ABSs and enable the structure-based design of novel GPCR AMs. 

In this study, we present a novel molecular dynamics (MD)-based mapping approach able to locate 
ABSs in all experimental scenarios known to date, i.e. at GPCR solvent-exposed extracellular and intracellular 
and the membrane-facing interfaces. The developed protocol exploits: i) privileged fragments derived from 
known GPCR AM structures that outperform standard co-organic solvents; and ii) harmonic wall potentials 
that enhance probe sampling in selected areas while preserving the membrane structure. The protocol was 
validated retrospectively in three case studies, i.e., the M2 muscarinic, β2 adrenergic and P2Y1 purinergic 
receptors, and prospectively to locate the ABS of a known D2 dopamine receptor AM, with site-directed 
mutagenesis studies supporting the computationally predicted location. Our approach can be applied to 
other membrane proteins as well and provides fast and efficient prediction of key amino acid residues 
surrounding ABSs that can help in the discovery of novel GPCR AMs.  

 
Figure 1. Schematic representation of the developed MD-base mapping approach to locate allosteric bindings sites in G Protein-

Coupled Receptors  
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The Hippo pathway is a signaling network, regulating cell growth, proliferation, and apoptosis, involved in 
tissue homeostasis and organ size control. A central role in this pathway is played by the Yes-Associated 
Protein (YAP), a DNA transcription co-activator without an intrinsic DNA binding domain. Upon activation of 
the Hippo pathway, a core kinase-cascade mediates the intracellular signaling, leading to phosphorylation 
and subsequent degradation of YAP. In its hypo-phosphorylated status, YAP moves inside the nucleus where 
it interacts with various DNA-binding partners. In mammalian cells, YAP primarily binds all four Transcriptional 
Enhancer Associate Domains (TEAD1-4) [1]. TEAD transcription factors can induce gene transcription only 
upon interaction with YAP [2]. This protein-protein interaction (PPI) is essential for expressing Hippo 
pathway-downstream genes, modulating cell proliferation and apoptosis [2]. All human TEADs (hTEADs) 
have an acylation binding site, physiologically occupied by palmitic/myristic acid; even so, the functional role 
of acylation is yet not fully understood [3]. Dysregulation of the Hippo pathway is associated with 
tumorigenesis, thus targeting the YAP:TEAD interaction is an emerging, attractive therapeutic strategy in the 
oncology field [4]. The development of new modulators of this PPI is challenging, indeed very few YAP:TEAD4 
inhibitors have been reported so far [5]. A relevant problem is the poor structural information available on 
this complex, limited to the characterization of the C-terminal YAP-Binding Domain of hTEAD4 (hTEAD4-YBD) 
in complex with a 40mer peptide, a fragment of the TEAD-Binding Domain of human YAP (hYAP-TBD). Aiming 
to expand the current structural understanding on this PPI, we developed reliable protocols for co-
expression and co-purification of hTEAD4-YBD in complex with hYAP-TBD (L-complex) and with two shorter 
fragments, including 70 and 90 residues (S and M complex, respectively). All three complexes were 
crystallized but, despite optimization, crystals showed only poor diffraction in preliminary X-ray 
crystallographic analyses. Meaningful improvements were achieved by the microseeding technique, allowing 
to obtain diffraction quality crystals for both the S and L complexes. The structure of the S complex was 
determined to 2.5 Å resolution, whereas the L complex was obtained to 3.1 Å resolution. The crystal ASU 
consists of 12 heterodimers, showing new structural insights on hYAP:hTEAD4 PPIs. Recently, we further 
expanded the study of this complex to the characterization of hTEAD4-YBD in complex with full length hYAP 
(XL complex). We set up a production protocol and preliminary structural characterization through bioSAXS, 
cryo-EM and X-ray crystallography are currently ongoing. Our results expand the current knowledge on the 
downstream effectors of the Hippo pathway, providing novel information to design hYAP:hTEAD4 PPI 
modulators. 
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Traditionally, drug discovery has been based on the rational design of chemical entities to hit a single 
biological target believed to be the dominant player in a certain pathology. Nevertheless, in the case of multi-
factorial diseases like cancer, many factors come into play and single-target therapy is progressively fading 
in favor of multi-target approaches, including either the association of drugs or the use of a single drug with 
multiple targets. Compared to the association of medicines, multi-target ligands (MTLs) can potentially offer 
a more predictive pharmacokinetics, reduced risk of drug interactions, and a higher treatment adherence. 
Herein, we propose MTLs hitting two highly promising anti-cancer targets: G-quadruplex (G4) structures and 
human carbonic anhydrases (hCAs) IX and XII.  
G4s are noncanonical DNA secondary structures which can arise from G-rich sequences. Putative G4-forming 
sequences are broadly distributed across the human genome, with significant enrichment at telomeres and 
oncogene promoters [1]. G4 structures at the ends of chromosomes have shown to inhibit telomerase in 
tumors and prevent uncontrolled DNA replication, whereas G4s at oncogene promoters may represent a 
physical obstacle in the way of the RNA polymerase transcription machinery, reducing the expression of the 
downstream gene. Therefore, the induction and/or stabilization of G4 structures by means of small molecules 
has become a potential anti-cancer tool, leading to telomere maintenance problems [2] and reduced 
oncogene expression [3].  
As for carbonic anhydrases IX and XII, they are two proteins that have been identified to be upregulated in 
many hypoxic tumors [4]. These transmembrane metalloenzymes, by catalyzing the reversible hydration of 
carbon dioxide to produce bicarbonate ions and H+, have shown to create an acidic extracellular 
microenvironment, contributing to an aggressive metastatic phenotype [5]. Inhibition of hCAs IX and XII has 
been consolidated over the last two decades as an innovative chemotherapeutic strategy against solid (and 
hypoxic) tumors [6,7].  
In the present investigation, we synthesized molecular hybrids containing both an inhibitor of CA IX/XII and 
a well-known G4 stabilizer (Berberine), as potential multi-target anti-cancer agents. The ability of the newly 
synthesized compounds to inhibit the tumor-associated carbonic anhydrases IX/XII and bind to and stabilize 
G4 structures in vitro was assessed. The most promising molecules were subjected to a further biological 



 

characterization, displaying a good cytotoxic effect on a panel of cancer cell lines, including CA IX-positive 
human cervix cancer cells.  
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Prostate cancer (PCa) is the most common cancer diagnosed in men and represents the second cause of 
cancer-related death for men worldwide [1]. 
Early diagnosed localized disease can be successfully cured by radical surgery or radiation; however, the 
majority of locally advanced and all metastatic diseases are treated with androgen deprivation. PCa mortality 
has decreased in the past years, mainly due to the widespread use of preliminary exams [1]. However, 
balancing the early detection of potentially lethal PCa that may benefit from therapy with low-risk cancers 
that suffer complications from unnecessary treatment continues to be the main controversy regarding PCa 
screening. The decision to undergo testing to detect PCa is based on preliminary exams, such as digital rectal 
examination, or, more typically, an elevated serum prostate specif antigen (PSA) concentration. However, 
PSA is an organ- but not cancer-specific biomarker, and its serum levels can also be affected by non-malignant 
prostatic pathologies. Therefore, the use of serum PSA can lead to overdiagnosis and overtreatment of PCa. 
In the last decade, various serum and urine biomarkers were studied to aid in assessing the risk of harboring 
a clinical significant prostate cancer. Several novel tests became commercially available, but none of these 
were routinely used due to limited evidences about benefits over the standard of care on the general 
population [2]. 
Recently, Occhipinti et al. observed that, in the presence of cancers, the prostate produces and secretes less 
PSA than in healthy or benign conditions and that the PSA evaluation in urine provides more accurate 
information on the presence of prostate cancers than the blood test, representing a new method for the 
screening of prostate cancer [3]. 
In 2020, the diagnosis and treatment of cancer was hampered by the coronavirus disease 2019 (COVID-19) 
pandemic [1]. For example, reduced access to care because of health care setting closures resulted in delays 
in diagnosis and treatment that may lead to a short-term drop in cancer incidence followed by an uptick in 
advanced stage disease and ultimately increased mortality. As a consequence, the need of decentralized 
rapid diagnostic tests has been highlighted now more than ever. A point-of-care test to detect urinary PSA 
could allow an easy and affordable way to screen the whole male population at risk. 
In this communication, the development of a lateral flow immunoassay for the detection of urinary PSA will 
be presented. 
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Triple-negative breast cancer (TNBC) is defined by the lack of both estrogen and progesterone receptor as 
well as human epidermal growth factor receptor 2, and represents the most complex and aggressive subtype 
of breast cancer. Although chemotherapy poses the cornerstone in TBNC treatment, its use is seriously 
dissatisfactory due to issues related to formulation and pharmacokinetic properties of drugs. To overcome 
these limitations, herein we present a self-assembled peptide-based nanofiber as smart platform to achieve 
a selective on-demand drug release into breast cancer cells [1]. The nanofiber consists of two structured self-
assembled peptides featured by the presence of an aliphatic sequence of six alanine residues and a lipid tail 
(nonadecanoic acid) linked to the amino group of lysine in C-terminal, and by positively and negatively 
charged amino acid residues [2]. On the external surface, the nanofiber is decorated by i) doxorubicin (Doxo), 
as chemotherapeutic, ii) the cell-penetrating peptide, named gH625, which increases cellular uptake and 
promotes endosomal escape of nanofiber into cancer cells [3], and iii) the peptide targeting the epidermal 
growth factor receptor (EGFR) overexpressed on cancer cells [4]. Doxo is covalently bound to the fiber 
surface through an on-demand strategy that involves the over-expression of matrix metalloproteinase 9 
(MMP-9) in cancer cells, by the introduction of the specific MMP-9 cleavage sequence between Doxo and the 
fiber. Biophysical assays, including dynamic light scattering, zetametry, and fluorescence assays, were 
performed for determining the size, charge and critical micelle concentration of fiber, and its formation was 
confirmed by transmission electron microscopy. The proteolytic cut for the on-demand drug release was 
performed in presence of recombinant MMP-9 and in vitro using cells overexpressing MMP-9. The 
cytotoxicity profile of the nanofiber carrying Doxo was established on the triple negative cancer cell lines and 
the internalization pathway of the nanofiber was monitored by drug fluorescence. 
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Using DNA analogs such as Peptide Nucleic Acids (PNA) for anti-gene strategy represents a promising 
approach for the modulation of gene transcription. PNAs are mimics of DNA in which the sugar-phosphate 
backbone is replaced by the N-(2-aminoethyl)glycine moiety. The absence of charges on the PNA backbone 
allows the formation of PNA/DNA complexes provided with higher stability than that of the corresponding 
natural DNA/DNA counterparts 1. We have previously demonstrated that the PNA complementary to the 7-
mer longest loop of the G-quadruplex formed by the 23-mer bcl2midG4 sequence, located 52–30 bp upstream 
of the P1 promoter of Bcl-2 gene, can bind the loop of the structure selectively. The results have shown the 
ability of the PNA-coated OAd5 oncolytic vectors to load and transfect their PNA cargo with high efficiency 
and also the synergistic cytotoxic effect against human A549 and MDA-MB-436 cancer cell lines 2. We have 
also demonstrated that the synthesized PNA does not interact with the corresponding duplex. To improve 
the target specificity, we have investigated whether the length of the chosen PNA sequence could affect the 
type of interaction with the complementary DNA sequence. We extended the length of the pyrimidine-rich 
PNA from seven to ten bases complementary to the N10–19 tract of the bcl2midG4 sequence target. PAGE, 
CD and CD melting experiments were performed to investigate the interaction of the PNA and its analogue 
with the DNA target in both quadruplex and duplex complexes. Moreover, molecular dynamics simulations 
were used to investigate the stability and the structural features of the target heterotriplexes. Finally, 
preliminary cytotoxicity assays confirmed the biological activity of the new anti Bcl-2 PNA. Overall, the studies 
here reported extend our knowledge about the structural properties of DNA2-PNA heterotriplexes and 
provide the basis for the development of new PNA-based anticancer agents for the treatment of human 
cancers expressing high levels of the Bcl-2 protein. 
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Technologies based on synthetic nucleic acids are highly controllable, programmable, and versatile since they 
harness predictable and reversible non-covalent interactions. Dynamic nucleic acid structures can be made 
responsive to an external stimulus, engineered into molecular transduction systems for molecular 
information processing and integrated with materials interfaces to design sensing devices. This 
Communication will discuss examples of protein-responsive dynamic nucleic acid nanostructures that can 
transduce the presence of a specific target protein into an optical or electrochemical signal. First, structure-
switching DNA nanodevices that enable detection and quantification of clinically relevant transcription 
factors will be presented. These nanodevices undergo a conformational change in response to binding to a 
target protein, and this is used as an input for triggering a DNA strand displacement reaction that can 
generate a fluorescence signal proportional to the concentration of the target protein.[1] This approach also 
supports more complex protein-controlled computation and has the potential to enable many different 
applications in molecular sensing and synthetic biology. Next, a novel biosensor for the SARS-CoV-2 spike 
protein will be discussed. This is based on a dynamic DNA aptamer structure, a redox-tagged DNA aptamer 
targeting the receptor binding domain of the SARS-CoV-2 spike protein S1 subunit, integrated with screen-
printed single-walled carbon nanotube electrodes. This aptamer undergoes a binding-induced structural 
rearrangement when in the presence of the target spike protein. This results in a controlled suppression of 
the amperometric signal generated by the conjugated electroactive tag, which provides a measurable 
electrochemical output that enables the rapid, single-step, reagent-free detection of the SARS-CoV-2 S1 
protein in the low nanomolar range.[2] By precisely controlling the formation of DNA duplexes on the same 
carbon nanotube electrodes, it is also possible to design electrochemical platforms for the monitoring of 
dynamic nucleic acid interactions. Both toehold-mediated DNA strand displacement reactions and 
unconventional strand exchange reactions involving artificial small molecule-templated DNA structures can 
be conducted at the materials interface, allowing for the electrochemical monitoring of specific hybridization 
processes.[3]  
 
  
 
 
 
 
 
 
A SARS-CoV-2 spike protein electrochemical biosensor in which a dynamic DNA aptamer structure is used as a folding-based molecular 
transducer immobilized on single-walled carbon nanotube electrodes.[2] 
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RNA interference is a potent and specific post-transcriptional gene-silencing approach, which is at limelight 
for the local treatment of severe lung diseases, as cystic fibrosis (CF). Nevertheless, a key challenge is the 
development of safe and effective delivery systems, able to deliver intact siRNA at target level [1]. An early 
investigated technological approach relies on lipid-polymer hybrid nanoparticles (hNPs), core-shell 
nanoparticles comprising a poly(lactic-co- glycolic) acid (PLGA) core and a lipid shell, exhibiting 
complementary characteristics of both polymeric nanoparticles and liposomes. This objective has been 
pursued through the in vitro/in vivo evaluation of inhalable hybrid lipid/polymer nanoparticles, endowed with 
a PLGA core and surrounded by non-PEGylated (DPPC) or  PEGylated (DSPE-PEG) lipid shell, delivering a siRNA 
against nuclear factor-kB (NF-kB) [2]. siRNA loaded hNPs were prepared by a modified emulsion/solvent 
diffusion technique. The optimized hNPs were fully characterized in term of size , ζ-potential and entrapment 
efficiency of siRNA. To go in depth into the potential of hNPs for siRNA delivery to the lungs, the interaction 
with mucus components was investigated by UV-assisted turbidimetry supported by dynamic light scattering 
analysis. Results demonstrated that all the obtained hNPs were muco-inert, independently on surface 
PEGylation. Ex vivo diffusion studies of siRNA-loaded hNPs through CF sputum samples (i.e., sputum from 
cystic fibrosis patients) were carried out and showed that PEGylation did not make the difference when the 
mucus barrier properties are dominated by pathology-associated proteins MUC5AC and MUC5B. In vitro 
studies of cytotoxicity and cellular uptake were performed on 16HBE14o-cells and CaLu-3 cells grown at air-
liquid interface. The results showed high cell viability upon treatment with hNPs  and an efficient 
internalization of hNPs in the mucus-secreting CaLu-3 cells, higher in case of non-PEGylated hNPs. Finally, in 
vitro gene silencing activity was confirmed on 16HBE14o-cells through WB analysis. In vivo preliminary studies 
on Male Sprague-Dawley rats indicated remarkable anti- inflammatory effect with significant reduction in 
neutrophil and macrophages lung infiltration up to 6 h. Overall, results demonstrate the great potential of 
hNPs as carriers for pulmonary delivery of siRNA, and prompt toward their in-depth investigation in vivo. 
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Over the past decade, RNA interference (RNAi) technologies widely dominated research applications with a 
deep impact on biological and medical sciences. The key protein effector in RNAi processes is the Argonaute 
protein family that uses sequence information encoded in small RNAs (guide) to identify complementary sites 
in mRNAs (target) for repression. [1] The molecular mechanism behind guide recognition plays a key role in 
the process specificity and shows a very complex and fine-tuned framework, where multifaceted 
determinants act synergistically. [2] As a contribution to solve this puzzle, we investigate the role played by 
the nucleotide in the t1 position of mRNA target for specific target recognition and stabilization. Indeed, t1 
directly interacts with a binding pocket inside human Argonaute 2 (hAgo2) and favors the stability of the 
binding only when an adenine is at this location; thus t1-identity has proven to be a key determinant in the 
regulation of target affinity. [3] Using atomistic molecular dynamics-derived analyses, we address the 
mechanism behind this regulation and study the impact of different t1-nucleotides (t1A, t1C, t1G, t1U) on the 
conformational dynamics of both hAgo2 and guide-target RNAs. Our findings show that hAgo2 exploits 
differential nucleotides conformations to modulate target recognition, in line with other examples of RNA-
proteins interplay [4,5]. Indeed, t1A is the only nucleobase endowed with a dual binding mode: a T-shape and 
a co-planar conformation, respectively orthogonal and parallel to the guide-target duplex. Here, the selective 
stabilization of the T-shape conformation of t1A promotes local-to-global dynamical rearrangements on both 
the full-length guide-target RNA and the hAgo2 protein that ultimately determine the onset of the sequential 
conformational changes required by the fully active hAgo2 to trigger efficient RNA silencing. Overall, we offer 
additional insights on new molecular and dynamic determinants that contribute to the regulation of target 
specificity, that possibly open new possibilities for fine-tuning of RNAi-based gene silencing processes. 
 
 

 
 
Figure 1: Structure of hAgo2-guide-target complex. Focus on t1A binding pocket showing t1A alternative T-shape and co-
planar conformations. Schematic representation of guide-target RNA pairing. 
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Liquid biopsy (LB) represents a powerful analytical technique which consists in the detection of numerous 
tumour biomarkers, including circulating tumour DNA (ctDNA), in biological fluids, e.g. peripheral blood, 
urine, saliva [1]. In this context, much attention has been devoted to the detection of ctDNA sequences 
related to genetic mutations such as those observed in the KRAS oncogene, often found in correlation with 
the onset of colorectal cancer (CRC). Several methodologies have been devised for the detection of ctDNA 
in LB, among which next-generation sequencing and polymerase-chain reaction-based techniques which 
however require bulky and expensive instrumentation operated by skilled professionals. Conversely, 
biosensing techniques guarantee a high portability of the instrumentation which can usually be applied to 
point-of-care testing[2], even though discrimination of SNP sequences is often based on modest differences 
of the signal output[3]. To achieve the detection of SNP-affected sequences of ctDNA for diagnosis and 
treatment of CRC, we devised a genoassay based on PNA capture probes immobilized on micro-magnetic 
beads (MBs)[4]. More specifically, two capture probe sequences that target wild-type and G12D mutated 
KRAS sequences were used, and the generation of the electrochemical signal was achieved using a DNA 
signalling probe which hybridizes a portion of the target sequence different from that recognized by the 
capture probe. Thanks to the presence of the signalling probe, it was possible to immobilize on the geno-
complex an enzyme which, after processing of a specific substrate, yields an amplified electrochemical signal. 
In order to reach the maximum differentiation in signal output between the complementary and non-
complementary sequences using the two capture probes, a 32 full-factorial design was performed, taking into 
account target concentration and incubation temperature as factors. For both capture probe sequences it 
was possible to obtain an outstanding reduction in signal (>99%) between the complementary and non-
complementary target sequences under optimized conditions. Calibration curves in 10-fold diluted human 
plasma in buffer were built for both capture probes using the optimized incubation temperature found 
(50°C), which led to obtain LODs of 818 fM for the capture probe complementary to G12D sequence and 1,8 
pM for the capture probe complementary to wild-type sequence. The magnetic genoassay developed 
showed impressive performance in terms of discriminating capabilities, obtained thanks to the use of both 
PNA-probes that guarantee a higher discrimination efficiency and magnetic beads, which allow for an 
efficient carry out of the incubations under agitation at a selected temperature. Future developments of the 
project will involve the validation of the assay using blood samples from CRC-affected patients to test its 
performance in a real LB context scenario.    
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The design of multifunctional materials is of pivotal importance for developing wearable biosensors. In 
particular, the advancement in self-cleaning materials suitable for bending sensors, i.e. devices able to track 
human body movements for healthcare monitoring [1], has raised much interest in recent pandemic times. 
Such technology can be facilitated by leveraging piezo-photocatalytic cleaning effects under visible light [2]. 
Herein, we show a new class of ZnO-based nanosheets (NSs) synthesized in aqueous solution (85 °C, 24 hours) 
onto seeded or seedless ITO/PET surfaces that couple sensing to photocatalysis. UV-vis and FT-IR 
spectroscopies show the typical absorption peaks of ZnO. A nano-squared pattern is observed on ITO, likely 
resulting from mixed SnO2:ZnO nanocubic photocatalytic composites [3]. In the absence of the MnOOH seed 
layer film (seedless ZnO), NSs show flower-like morphology showing a significantly lower density (about 
twenty times) with respect to the seeded version. The electrical response of the sensors is extracted at a 1 V 
bias as a function of bending in the interval between 0° and 90°. The sensing response is dependent on the 
density of the ZnO NSs. Upon bending from 0° to 90°, the seedless ZnO sensors show 50-70 μA decrease, 
whereas the seeded ZnO sensors show a 180-200 μA decrease, which is about two times higher than the 
currently reported ZnO based bending sensors [4]. As a control, the bare ITO supports only show few μA 
decrease upon bending. The photocatalytic activity of the sensors is analysed in aqueous solution (methylene 
blue, 25 μM) at 1 Sun illumination. The seeded ZnO sensors show the best photocatalytic performances with 
respect to seedless ZnO and bare ITO. Upon bending the sensor inside the cuvette, the photocatalytic 
activities of bare ITO and seeded ZnO are improved (about 30%), whereas seedless ZnO is unaffected. After 
washing with deionized water, the sensors retain most of their photocatalytic activity. 
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Ethosomes are novel deformable vesicular systems suitable for the topical application and transdermal 
delivery of drugs [1]. A wide range of antioxidant molecules, including coenzyme Q10 and caffeic acid, are 
able to counteract oxidative stress, in particular ROS-mediated skin disorders, but their use is limited by the 
high physico-chemical instability. Hence, their encapsulation into ethosomes represents an interesting 
strategy to protect their antioxidant potential and promote the 
transdermal delivery thanks to the malleable properties of 
ethosomal vesicles. Ethosomes based on phosphatidylcholine were 
produced and characterized in terms of size and morphology, 
obtaining stable vesicles with mean diameter around 220 nm and a 
typical ‘fingerprint’ structure. The entrapment capacity of 
coenzyme Q10 and caffeic acid as model drugs revealed high 
encapsulation yields. In vitro and ex-vivo studies demonstrated the 
uptake of ethosomes in human skin fibroblasts and the passage of 
the vesicles through 3D reconstituted human epidermis. The 
protective effect of coenzyme Q10 against H2O2 employed as 
oxidative stress challenger has been evaluated by 
immunofluorescence, comparing the 4-hydroxynonenal protein 
adducts levels. The pretreatment with ethosomes containing CoQ10 exerted a consistent activity against 
oxidative stress, in both 2D and 3D models [2].  
The possibility to obtain a semisolid formulation suitable for topical application was explored by thickening 
caffeic acid loaded-ethosome dispersion with poloxamer 407 [3]. The rheological behavior of the ethosomal 
gel was evaluated and the influence in drug diffusion was investigated by Franz cells experiments. Moreover, 
the addition of poloxamer slightly modified vesicle structure and size, while it decreased the vesicle 
deformability. 
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Figure 1: Cryo-TEM image of ethosomes. 
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Ellagic acid (EA) is a phenolic compound naturally present in many fruits, such as pomegranate, and is the 
main product of ellagitannin hydrolysis. It is endowed with remarkable biological properties, including 
antioxidant, anti-inflammatory, antimicrobial, antidiabetic, antiviral, anti-degenerative, and anticancer 
activities. The use of EA in the dermo-cosmetic field for the prevention or treatment of skin disorders has 
been, in particular, widely described. For example, EA has been found to be effective against contact 
dermatitis, in wound bandaging, or as photoprotective and antiaging agent. Furthermore, it is considered to 
be a useful compound in the treatment of skin pigmentation disorders, such as hyperpigmentation, melasma 
and other dyschromia. Despite the remarkable properties, the wide application of EA is currently limited by 
the low permeability and low solubility in aqueous solvents. To overcome these drawbacks, different 
strategies have been proposed, including chemical derivatization or encapsulation in controlled release 
formulations. In this context, nanoparticles have been largely utilized as a drug delivery systems for 
administration of nutrients and pharmaceutical drugs in biomedical, food and agricultural industries.[1] In this 
scenario, the development of novel formulations for dermo-cosmetic applications based on the 
incorporation into phospholipid nanoparticles, namely transfersomes, of chestnut wood mud (CWM) was 
carried out. CWM is an industrial by-product of the chestnut tannin production, deriving from exhausted 
chestnut wood [2] subjected to a natural fermentation process. This material contains high amounts of EA as 
the results of hydrolytic processes occurring on residual ellagitannins. In particular, two kinds of CWM, 
indicated as CWM-A and CWM-B, with different particle size (100 and 32 µm, respectively), containing 5-6% 
w/w EA, were incorporated into transfersomes. The latter were small in size (~100 nm) and negatively 
charged (~ -60 mV). 2,2-Diphenyl-1-picrylhydrazyl (DPPH) and ferric reducing/antioxidant power (FRAP) 
assays indicated a significant improvement of the antioxidant properties of both CWM samples upon 
incorporation into transfersomes. Moreover, transfersomal CWMs not only were found to be no- toxic and 
able to decrease ROS production in UVA irradiated cells, but were also able, particularly CWM-B, to provide a 
complete and controlled release of EA in simulated physiological conditions. A stepwise increase of the 
antioxidant properties of the released material as determined in the FRAP assay was also observed, with a 
good linear correlation (R2=0.93) with the amount of released material. These results open new perspectives 
toward the exploitation of nanoformulated CWM as a controlled release system of EA for dermo-cosmetic 
applications.  
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Electrochemiluminescence (ECL) is a luminescent phenomenon in which photons are emitted upon the decay 
of an excited state species, arising from a highly energetic electron transfer reaction between 
electrogenerated radicals [1]. In recent years there is a growing interest in the development of Point-of-Care 
Testing (POCT) biosensors based on ECL, owing to its several advantages such as reproducibility, high 
sensitivity, selectivity, and broad linear range with lower detection limit [2]. Three-dimensional (3D) printing 
has attracted immense attention in the development of biosensors, because it enables rapid prototyping, 
waste minimization, design customization, and low-cost manufacturing [3]. 
We present the development of an ECL biosensor based on a 3D printed electrochemical cell for the detection 
H2O2, exploiting the luminol/ H2O2 luminescent system. As H2O2 is the by-product of oxidases, specific 
enzymes that catalyse oxidation-reduction reactions of several biomarkers, various bioanalytical applications 
can be envisaged. The electrochemical cell is obtained by Fused Deposition Modelling (FDM) 3D printing, 
employing conductive black polylactic acid (PLA) for producing the electrodes. The ECL signal was imaged 
and quantified employing a portable CCD (Charge-coupled devices) camera and a simple 1.5V battery was 
used as power supply of the electrochemical system (Fig 1A). As proof-of-concept, we developed an ECL 
biosensor to quantify glucose in pharmaceutical preparations. Under the optimal conditions, a detection limit 
of 8.0x10-6 mol L-1 and 1.0x10-5 mol L-1 was obtained for H2O2 and for glucose, respectively. The linear response 
range of glucose was 1.0x10-5 to 1.0x10-3 mol L-1 (Fig 1B). The ECL sensor showed a good reproducibility and 
long-term stability. 
The established method has been applied to determine the glucose concentrations in pharmaceutical 
products, as physiological intravenous infusion glucose solutions with satisfactory results. The proposed ECL 
biosensor could be applied to other analytes exploiting several oxidases, it could be improved due to the 
simplicity to change the form of electrodes by 3D printing, and it is suitable for the miniaturization because 
of the simplicity of the equipment required for ECL trigger and detection.  
 

 
Figure 2. Portable device components (A); Glucose calibration curves (B) 
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Parkinson disease (PD) is the second most common neurodegenerative disorder. The most common 
genetic risk factor is a mutated GBA gene associated with Gaucher disease (GD), a metabolic disorder 
[1]. GBA mutations cause defects in the lysosomal enzyme acid β-glucosidase (GCase) leading to 
progressive accumulation of the natural substrate glucosylceramide in the lysosomes [2]. GD patients 
and carriers have up to a 5-fold increased risk of PD, depending on mutation. The severe L444P and 
mild N370S mutations, commonly associated with GD, are the most prevalent GBA variants in PD 
patients [3].   

Pharmacological Chaperone Therapy (PCT) is an emerging approach to GD, in particular for those 
forms that involve impairment of the central nervous system. The PCT constitutes nowadays a new 
therapeutic approach potentially applicable to the whole range of protein misfolding diseases 
including PD. Thus, the identification of novel PCs of this target still represents an exciting area of 
research. Pharmacological chaperones (PCs) are small molecules able to cross the blood brain barrier 
and which act as competitive inhibitors of the enzyme. When used in sub-inhibitory amount, they can 
correct the folding and/or stabilize the enzyme’s catalytic activity [4]. 
Our recent synthetic efforts in the development of PCs performing as enhancers of GCase activity led 
to the identification of the 2-octyl trihydroxypiperidine CF30 that behave as PCs in GD patients’ cells 
carrying N370S and L444P mutations (Figure 1) [5]. A series of structurally modified analogues of CF30 
was synthesized (Figure 1) and assessed in order to carry out a structure activity relationship (SAR) 
study for the identification of new more promising PCs or to improve pharmacokinetic parameters. In 
this regard, we also exploited the multimerization of CF30 for the synthesis of a new generation of 
multivalent PCs (Figure 1), due to the encouraging results recently obtained with simpler 
trihydroxipiperidines [6]. All compounds were achieved with efficient and stereoselective synthetic 
approaches starting from low cost D-mannose [7]. In this contribution, validation of CF30 on human 
induced pluripotent stem cells (iPSCs) differentiated into Neuronal Precursor Cells (NPCs) derived 
from GD patient carrying heterozygous mutations in the GBA gene will be also presented. The use of 
iPSc-derived neurons gives the exciting opportunity to directly investigate drug compounds in human 
neurons with the patient’s genetic background [8]. 
 
 



 
 

 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: GCase enhancer properties of CF30, together with its newly synthesized analogues and 
multivalent derivatives. 
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The evaluation of double bond positions in fatty acyl chains has always been of great concern since relevant 
studies have pointed out their significance in the chemical and biochemical role of lipids [1]. Despite being 
the foremost technique for lipidomics, it is difficult in practice to obtain identification beyond the fatty acyl 
level by the sole high-resolution mass spectrometry. As such, the location of C=C bonds cannot be effectively 
achieved by tandem MS experiments with the common collision-induced dissociation (CID) techniques [2]. In 
the latest years, several innovative approaches for pin-pointing carbon-carbon double bonds have been 
proposed, such as ozone-induced dissociation inside the mass spectrometer and chemical derivatization 
before analysis. Paternò-Büchi (PB) reactions of fatty acids with ketones have been successfully proposed 
for pinpointing double bonds in fatty acids, as PB-derivatized lipids generate diagnostic product ions under 
CID fragmentation [3]. Despite the large body of literature on PB reactions and their variants, higher 
collisional dissociation (HCD) has never been used in combination with PB reactions.  
In the present study, we propose for the first time a methodology based on the aza-Paternò-Büchi (aPB) 
reaction of lipids with 6-azauracil and HCD for pinpointing fatty acid double bonds. Similar to PB reactions, 
aPB reactions are [2+2] photocycloadditions between excited imine and alkene groups that generate four-
membered azetidines [4]. The introduction of the 6-azauracil moiety allowed enhancing the ionization 
efficiency of the fatty acid ions both in positive and negative ion mode due to the presence of ionizable sites 
for both polarities. The method was optimized using free fatty acid and phospholipid analytical standards 
and compared to the standard PB reaction with acetone. As a result, the 6-azauracil moiety allowed obtaining 
protonated fatty acid ions and deprotonated phosphatidylcholine ions. Moreover, the aPB reaction furnished 
higher ionization efficiencies in both polarities and clearer HCD spectra in negative ion mode compared to 
the PB reaction, which in turn was found barely suitable with HCD. The method was finally applied for 
pinpointing C=C bonds in 77 polar lipids from a yeast (Saccharomyces Cerevisiae) extract.  
 
References  

[1] H.-C. Ting, L.-T. Chen, J.-Y. Chen, Y.-L. Huang, R.-C. Xin, J.-F. Chan, Y.-H.H. Hsu, Lipids Health Dis. 2019, 
18, 53. 

[2] X. Ma, Y. Xia, Angew. Chemie Int. Ed. 2014, 53, 2592–2596. 
[3] X. Ma, L. Chong, R. Tian, R. Shi, T.Y. Hu, Z. Ouyang, Y. Xia, Proc. Natl. Acad. Sci. 2016, 113, 2573–2578. 
[4] E. Kumarasamy, S.K. Kandappa, R. Raghunathan, S. Jockusch, J. Sivaguru, Angew. Chemie Int. Ed., 

2017, 56, 7056–7061. 
 

  
 
 
 
 
 
 
 



 

Metabolome of 16th century dental calculus: the case of 
Alessandro Farnese, duke of Parma, and his wife duchess 

Maria D’Aviz 

N. Riboni,1 F. Bianchi,1 M. Mattarozzi,1 M. Meleti,2 M. Peracchia2 and M. Careri1 

1 University of Parma, Department of Chemistry, Life Sciences and Environmental Sustainability, Parco Area 
delle Scienze 17/A, 43124 Parma, Italy 

2 University of Parma, Department of Medicine and Surgery, via Gramsci 14, 43126 Parma, Italy 
nicolo.riboni@unipr.it 

 

Keywords: Dental calculus, Liquid Chromatography, High Resolution Mass Spectrometry, Untargeted 
Metabolomics 

 
 
The analysis of metabolome from archaeological objects and human rests has been recently investigated to 
uncover health status and lifestyle of individuals who lived in past ages [1]. Dental calculus is considered a 
promising matrix, being accumulated during lifetime and preserved in archaeological samples: metabolites 
belonging to different chemical classes could be identified [2]. 
In the present study, metabolomics analysis of dental calculus from the remains of duke Alessandro Farnese 
(1545-1592) and duchess Maria D’Aviz (1541-1577) was performed by means of ultra high performance-liquid 
chromatography-high resolution mass spectrometry (UPLC-HRMS). Alessandro Farnese, who ruled the 
Duchy of Parma and Piacenza, was a key member of the court of Philip II of Spain and is considered one of 
the most influential military and political leaders of the 16th century. In 2020, the remains of Alessandro 
Farnese and Maria D’Aviz were exhumed from the crypt of the Basilica of Santa Maria della Steccata in Parma: 
several samples were collected to understand the death causes, as well as to study their lifestyle, habits and 
health status. Dental studies showed that the teeth of Alessandro Farnese were affected by wear, whereas 
Maria D’Aviz presented caries and periodontal diseases [3], suggesting different lifestyles. 
In this study, the pulverized dental calculus samples were decalcified in a water-formic acid mixture, 
extracted using methanol/acetonitrile and submitted to UPLC-HRMS analysis operating in MSE. The obtained 
data were processed by means of Progenesis QI software using the following filters: intra-group 
variability<10%, power analysis>0.8 and a fold change of >3 compared to the method blank. 
Principal component analysis highlighted the presence of compounds able to clearly differentiate between 
duke Alessandro Farnese and Maria D’Aviz. Their identification was performed by comparing the spectra with 
those stored in different ChemSpider online libraries, allowing the identification of more than 200 
metabolites belonging to different chemical classes: a significant ratio was assigned to fatty acyls, amino 
acids, glycerophospholipids and sphingolipids. In addition, compounds associated to food consumption and 
present in the embalming oils and perfumes were detected. Finally, more than 50 compounds related to 
bacteria and fungi metabolism were identified. 
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Microwave- and ultrasound-assisted molecule synthesis has become an imperative for medicinal chemists [1], 
especially when it is necessary to prepare molecules with high therapeutic potential and multiple 
pharmacological activities, such as imidazo[1,2-b]pyridazine derivatives. In our previous work, 7-methyl-2-
phenylimidazo[1,2-b]pyridazin-3-carboxylic acid (DM1) and 6-methoxy-2-phenylimidazo[1, 2-b]pyridazin-3-
carboxylic acid (DM2) have been shown to be potent anti-absence drugs capable of suppressing seizures in 
WAG/Rij rat as a model of absence epileptogenesis, by blocking one of the three T-type voltage-dependent 
calcium channel isoforms, specifically Cav3.1 [2]. To corroborate abovementioned pharmacological data and 
to further investigate the promising biological activity of DM1 and DM2, both compounds were re-prepared 
by 'greening' our conventional procedures reported in the literature [3].  
The main objective of the present work was the application and optimization of MW and US for the synthesis 
of DM1 and DM2. Specifically, a comparative study was carried out between the two green synthetic 
methodologies and conventional thermal irradiation to improve reaction yields and save time as well. One-
pot synthesis of DM1 and DM2 was also attempted to minimize costs and reduce emissions and waste 
associated with the synthesis process.  
Following, DM1 and DM2 were evaluated in DBA/2 mice with seizures induced by audiogenic stimuli. Since 
seizure activity involves the generation of reactive oxygen species (ROS), which contribute to seizure-
induced neuronal damage and cell death, the neuroprotective effect of DM1 and DM2 on oxidative stress was 
investigated in C6 rat brain glioma cells. Furthermore, the putative binding mode of DM1 and DM2 to human 
Cav3.1 channels was explored by using an integrated computational approach based on the combination of 
empirical and density functional theory calculations with bioinformatics analysis and docking studies. 
To sum-up, irradiation by US versus MW favored the synthesis of DM1 and DM2 in terms of yield and reaction 
time. In the case of the one-pot synthesis, the yields were not satisfactory, even by varying the reaction 
solvent, so it is necessary to proceed following the two reaction steps. Biologically, DM1 and DM2 significantly 
reduced ROS production in vitro, indicating their possible efficacy in maintaining cellular redox homeostasis 
during seizure activity. Significant dose-dependent protection against the tonic phase of the audiogenic 
convulsive response was also observed in vivo, 30 min after intraperitoneal administration of different doses 
(5-30 mg/kg) of DM1 and DM2.  Finally, computational studies allowed to identify the putative binding site of 
DM1 and DM2 in the central cavity of the pore domain of the Cav3.1 channel and to model the ligand/protein 
interaction complex, disclosing the ability of our compounds to reproduce the binding mode of the Cav3-
selective blocker Z944 [4]. 
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From the beginning of the pandemic, NMR profiling has been used to define the biochemical alterations 
induced by COVID-19 disease and to highlighted the presence of a strong metabolomic/lipoproteomic 
signature of the acute infection [1,2]. We showed that 1H NMR spectra of serum samples of COVID-19 patients 
could be strongly discriminated from the spectra of both healthy subjects and COVID-19 recovered subjects, 
with a discrimination accuracy higher than 90% on both cases. The differences originate from significant 
alterations in the concentrations of several metabolites and a panel of lipoprotein components. 
Characteristic trends in metabolite and lipoproteins levels are also observed as a function of the disease 
severity. The metabolites found altered in COVID-19 patients with respect to recovered individuals overlap 
with the acute infection biomarkers identified in the comparison with healthy subjects, indicating the 
substantial metabolic healing of recovered COVID-19 subjects.  We also observed that during the healing 
process, the metabolome and lipoproteome revert back to the “healthy” state with different rates; both 
during spontaneous healing processes or after pharmacological treatments the alterations of the 
metabolites faster reverted than those of lipoproteins [1,2].  
1H NMR spectra of sera have been also used to define the changes induced by vaccination with Pfizer-
BioNTech vaccine in a small group of healthy subjects [3]. Our data show that vaccination does not induce 
any significant variation in the metabolome, whereas it causes changes at the level of lipoproteins. 
Interestingly, the effects are different for COVID-19-recovered subjects with respect to naïve subjects, 
suggesting that a previous infection reduces the vaccine modulation of the lipoproteome composition. 
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Biodegradable materials are of broad interest to the polymer chemistry field, with applications spanning from 
biomedical and drug delivery through food packaging and adhesives. Bio-renewable lactide is a pharma-
friendly, widely used monomer that is typically polymerised via ROP. Polylactide based (co)polymers are well-
tolerated in the body, and materials with varied physicochemical properties are readily available via simple 
chemistry.  
But there is a drawback. Lactide-based commercial polymers typically have a limited number of easily 
modifiable functional groups, i.e., hydroxyl termini, which restrict the efficacy of active functionalisations.  
However, such functionality could easily be introduced through initiators which could be a great route to 
provide exciting and novel features.  
Until now, inert molecules have largely been employed as initiators. We have begun to investigate how the 
final properties of polymers can be “dramatically” altered simply through careful selection of a 
multifunctional initiator, with minimum synthetic efforts [1] (Figure 1).  
 
 

 
  
Figure 1. Nature of initiators explored in literature for diverse applications with various chemistries and properties.  



 
 
 
In this presentation, we will explore a broad and innovative range of active initiators for ROP, to further 
encourage the adoption of this strategy as a simple and powerful tool for expanding ROP into exciting 
application fields. A unique example is the use of dyes as ROP-initiators for preparing intrinsically coloured-
NPs for in vitro and in vivo labelling experiments reported very recently [2]. 
We will show how the use of mild and natural catalysts, coupled with the selection of commercially available 
“active-initiators”, can pave the way for development of hybrid and functionalisable materials via ROP. In this 
regard, we will discuss the selection of labile-ester (bis)(meth)acrylate initiators to produce macromonomers 
suitable for a range of post-polymerisation modifications. Including the manufacture of scaffolds for the 
controlled release of drugs by creating polymers with different architectures as well as bio-degradable inks 
for 3D-printing [3].  
We have designed a library of terpene-initiated lactide oligomers that align with the concept of a circular 
economy and using renewable materials to generate biocompatible surfactants [4]. The presence of the 
headgroup of the bio-hybrid polyesters could be further exploited as a versatile docking-point to produce 
highly-functionalisable polymers.  Moreover, with the intent to improve the green credentials of the synthetic 
strategies, solvents derived from renewable resources e.g.,2-methyltetrahydrofuran,2-MeTHF were also 
explored. 
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The implementation of affordable technologies to fabricate point-of-care/need devices has become a hot 
topic in the scientific community. In this framework, the decoration of flexible substrates with functional 
nanomaterials/nanostructures paves the way for a new generation of (bio)sensing devices. 
Herein, an overview of innovative strategies and technologies to fabricate plasmonic-active metal-
nanostructures (NST) onto office substrates (i.e., cellulose, PET, PVC, etc.) through easy procedures will be 
presented; particular attention will be paid to sensing strategies implementation and analytical devices 
development. Particularly, a ubiquitous strategy to decorate flexible substrates with plasmonic active Ag- 
and Au-NST will be presented. To fabricate an integrated device, the latter strategy has been used to generate 
a nanostructured plasmonic/colorimetric sensing sheet. In brief, an adhesive polydopamine (PDA) film was 
formed onto a PET sheet; the PET-PDA was used to self-assembling an Au-NST. Subsequentially, the Au-NST 
was further decored with a silver nanofilm; in this case, taking advantage of natural derived natural 
antioxidant, i.e. catechin (Fig. A). The fabricated nanodecored sensing sheet was integrated into a device 
entirely fabricated by using a craft-cutter plotter, used to realize the device components, and a thermal-roll 
laminator employed for their assembly. The device has been equipped with a paper-strip inlet acting as a 
sampling pipette (Fig. A). The device was employed for the monitoring of enviromental indoor disinfection 
treatments performed via spraying and fogging, and for the post-treatment disinfectants’ residues 
evaluation, in the context of the SARS-CoV-2 pandemic containment [1].  
The sensing strategy relies on the ability of the disinfectants to oxidize the Ag-nanofilm, returning a 
colorimetric variation monitorable via smartphone; the sensitivity was strategically improved using a 
magenta background acting as color filter (Fig. B). The analysis occurs in 5 min and is completely reagent-
free, only the contact between the disinfectants and the sensing element is required. The proposed device is 
low cost (0.05 €), portable and disposable, and able to return information on the good practices 
recommended for environmental disinfection.  
This presentation aims to demonstrate how the combination of easly synthesized nanostructures, flexible 
office substrates, and desk technologies can allow the fabrication of straightforward and original point-of-
need devices within everyone's reach. 
 

 
 

Figure. (A) Nanostructured sensing element assembling and picture of the final device.  
(B) Graphical sketch of the analytical strategy, with highlighted the etching of the Ag-nanofilm caused by the disinfectant. 
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Sodium alginate (NaAlg) is an algal polysaccharide of high interest for nervous system regenerative 
approaches, as it lends itself to generate soft hydrogels. By providing structural support and bioactive cues, 
alginate hydrogels promote neural stem cell (NSC) differentiation [1] and functional neuronal network 
formation [2][3], while offering cytoprotection against oxidative stress [4]. Alginate is especially promising 
for repairing spinal cord injuries in which the cylindric hydrogel grafting enables axonal regrowth and 
functional recovery [5][6]. On the contrary, brain lesions are typically of undefined shape and may be in very 
deep areas for which they require little invasive neurosurgery procedures and in situ gel formation. However, 
NaAlg undergoes a rapid Ca2+-mediated gelation, which limits its in vivo injectability. 
We hypothesized that replacing the salt monovalent counterions Na+ with bivalent Mg2+ could reduce 
alginate intra- and interchain repulsions, in turn influencing the polymer conformation and behavior in 
solution as well as in the presence of Ca2+ gelling ions. In addition, being Mg2+ a key ion in major brain 
functions [7], we hypothesized that it could also boost alginate bioactivity. To test these hypotheses, we 
synthesized magnesium alginate (MgAlg) and we characterized, via rheology, the physico-mechanical 
properties of the viscous solutions and the viscoelastic matrices obtained by Ca2+-mediated gelation, in 
comparison to NaAlg solutions and derived hydrogels. Next, we investigated their potential to protect NSCs 
from oxidative stress and promote functional neuronal networks in vitro. Finally, we evaluated alginate in 
vivo injectability and anti-inflammatory activity in a lesioned epileptic rat model.  
MgAlg coils are more compact and result in less viscous solutions than NaAlg, while they exert a greater 
neuroprotection against oxidative stress, preventing NSC damage and ROS production. The Ca2+-driven 
gelation of MgAlg is delayed, providing softer yet tougher and more stable hydrogels which enhance neurite 
elongation and branching compared to NaAlg-derived hydrogels. Furthermore, MgAlg-derived hydrogels 
lead to more robust neuron network activity, assessed by calcium imaging and microelectrode array 
electrophysiology. Both alginates work well as NSC delivery system in the lesioned brain of epileptic rats and 
elicit an anti-inflammatory response, demonstrated by reduced microglia cell body size and minor glial scar 
formation. However, the delayed gelation of MgAlg makes it more suitable for minimally invasive intracranial 
injection. Overall, introducing Mg2+ as the alginate counterion determines a different polymer structure with 
decreased viscosity, gelation kinetics and hydrogel stiffness, while it increases gel homogeneity and 
resistance to deformation. All these properties improve the injectability and the neuroregenerative potential 
of alginate, indicating that MgAlg holds a great potential for brain repair. 
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In the last 20 years, intranasal (IN) administration gained considerable attention and it is widely investigated 
for its feasibility to serve as a direct route of drug transport to the Central Nervous System (CNS). Nose-to-
brain (N2B) drug delivery can be achieved by different mechanisms that are not yet fully understood. Drugs 
can be transported directly from the nasal cavity to the CNS via the olfactory epithelium by the trigeminal 
nervous systems and the olfactory nerve pathways bypassing the blood brain barrier. Scientific evidence has 
shown that the amount of drug reaching the brain after IN route is generally ˂1% of that administered 
depending on its physico-chemical properties. In order to overcome some of the limitations associated with 
most drugs and be suitable for IN administration (e.g., solubility, stability, dose and volume of the 
administered dose) various nanoencapsulation technologies have been developed and are under intense 
study [1]. Nanoplatforms of various nature [polymeric nanoparticles (PNP), lipid nanoparticles (SLN, NLC) 
nanocrystals (NC)], have been designed basing on the characteristic of the molecule to be delivered. The 
physico-chemical (size, surface, shape, etc.) and technological properties (entrapment efficiency, drug 
release profile, etc.) of such systems can in fact be designed and tailored in relation to the specific purposes.  
Following the Quality by Design criteria, each nanocarrier was optimized by the design of experiment 
approach aimed at improving translational science, bridging the gap between basic research and applicable 
therapies [2]. Fluorescent molecules [Rhodamine B and 1-1′-Dioctadecyl-3,3,3′,3′- 
tetramethylindotricarbocyanine Iodide (DiR)] loaded PNP have been traced after IN administration in rodents 
to evaluate their distribution in the different brain areas. Once confirmed PNP transport to hippocampus, 
assessment of drug efficacy was performed after IN administration of oxcarbazepine loaded PNP (OXC_PNP) 
in an in vivo model of epilepsy [3,4]. Our results demonstrated significant protective effects against seizures 
with a reduced dose and number of IN administrations of OXC_PNP compared to the neat drug [4]. Recently, 
different NC obtained by natural (curcumin, resveratrol) and synthetic compounds (carbamazepine) have 
been studied by our research team to overcome water solubility issue and improve drug bioavailability, 
obtaining highly concentrated formulations with ~100% drug loading, particularly useful for 
neurodegenerative diseases treatment by the N2B strategy [5]. Considering the high demand for biological 
molecules delivery, we investigated the possibility to transport monoclonal antibody after adsorption onto 
polymeric and lipid nanoparticle surface which resulted promising candidates for a pharmacological 
application in an in vivo model of Alzheimer’s disease in mice [6]. 
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In the past decades, the rise of nanotechnology and gene therapy have brought new hope for the 
development of novel preventatives and therapeutics, as recently demonstrated by the success of mRNA-
based COVID-19 vaccines [1,2]. However, the complex biological environment in which such kinds of nano-
agents operate greatly hinders their ultimate gene transfer efficiency. The first barrier to an efficient 
intracellular delivery of nanotherapeutics is the cell membrane, that constitutes a highly organized and 
dynamic structure between the extra- and the intracellular environment [3]. In this context, there is an urgent 
need of finding novel strategies to overcome the cell membrane barrier and deliver particles into cells. To 
this aim, we herein provide a novel method to boost the uptake of gene-delivery nanoparticles (NPs) based 
on polyethyleneimine (PEI) through the application of an exogenous mechanical stimulus to cells. Such 
strategy really improved the efficiency of non-viral gene delivery vectors through the mechano-modulation 
of uptake pathways, thus allowing for increased nanoparticles internalization into cells. 
To modulate the mechanisms underpinning the uptake of NPs, cells were mechanically stimulated through a 
built-in-home device able to provide vertical nanoscale vibrations to cells. Cells were thus exposed to 5 min 
vibrational loading at 1,000 Hz and challenged with polymer NPs containing luciferase-encoding pDNA. Next, 
the modulation of i) the activation of target endocytic processes, ii) the internalization of NPs and iii) the 
transfection efficiency by means of the mechanical loading was assessed. 
The application of nanoscale mechanical cues to 2D-cultured cells triggered cell membrane responses, as 
shown by Scanning Electron microscopy (SEM) images in Figure 1a. To investigate the contribution of 
mechanical-driven membrane remodeling on the ultimate NPs uptake, the activation of specific endocytosis 
mechanisms was assessed by pre-treating cells with clathrin or caveolae inhibitors before transfection. 
Interestingly, clathrin-mediated endocytosis (CME) was affected by the mechanical stimulation of cells 
(Figure 1b). Specifically, clathrin inhibition significantly impaired the transgene expression of luciferase in 
stimulated cells, as opposed to statically cultured cells, in which the transfection was not affected by the 
inhibition of CME. Moreover, we found that the mechano-induced CME activation increased by 10-fold the 
NPs uptake in stimulated cells, as shown in Figure 1c. Such positive cell responses ultimately translated into 
a significant boost of NPs efficiency. As depicted in Figure 1d, the luciferase expression in stimulated cells was 
∼ 40 times higher than in statically cultured cells. 
Overall, we herein provide a straightforward strategy to improve the in vitro effectiveness of nanomedicines 
by mechanically modulating their intracellular delivery. 
 



 

 
Figure 1: a SEM micrographs of unstimulated (0 Hz) and stimulated L929 cells for 5 min at 1,000 Hz (magnification ×7,000, scale bar 5 
µm). b Reduction in transfection efficiency of polymer NPs on unstimulated and 1,000 Hz-stimulated L929 cells after inhibition of either 
clathrin- or caveolae-mediated endocytosis. c Percentage of pDNA uptake 24 hrs after transfection in unstimulated (0 Hz) and 1,000 Hz-
stimulated L929 cells. Values are expressed as percentage with respect to the total amount of pDNA delivered to cells. d Transfection 
efficiency of polymer NPs containing luciferase-encoding pDNA on unstimulated (0 Hz) and 1,000 Hz-stimulated L929 cells. Transfection 
efficiency was evaluated 24 hrs post-transfection. Data are expressed as mean ± SD (n≥4; *p < 0.05). 
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Treatments and diagnoses are severely limited by our inability to visualize the biochemical processes 
underlying disease. Nowhere is this issue more limited than in the brain, due to the high level of complexity 
and presence of the blood-brain barrier preventing the vast majority of molecules from entering the brain. 
Our ability to understand the biochemical processes underlying disease processes is often limited to 
histological methods, which deliver a frozen snap-shot of conditions. Fluorescence is an invaluable tool with 
the ability for real-time studies, but largely limited to in vitro models that struggle to replicate the complex 
environment found in the body. New approaches are needed that combine biochemically specific in vivo real-
time imaging with in vitro and ex vivo approaches. 
Here, we present our ongoing efforts to develop molecular imaging approaches for understanding the 
biochemical processes underlying disease, with a particular focus on the design and application on novel 
contrast agents for molecular magnetic resonance imaging (MRI). Key applications include detection of key 
inflammatory biomarkers, tracking drug delivery, and targeted agents for studying neurodegeneration. Our 
approach involves the synthesis of molecular and nanoparticle-based contrast agents, conjugation to 
targeting vectors and application in a variety of in vitro, ex vivo, and in vivo models. Particularly focus is on 
the use of multimodal approaches, including spectroscopic magnetic resonance methods and correlation 
with microscopy and mass spectrometry. This combinatorial imaging approach aims to deepen 
understanding of biological processes across length scales - from subcellular to whole organ levels. 
 
 

 
Figure 1. Examples of our imaging approaches for studying the brain: A) Small molecule MR contrast agent 
for imaging amyloid; B) confocal imaging of mouse brain vasculature; C) using MRI to map brain delivery in 
vivo. 
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The nucleolus is a subnuclear structure whose primary function is the ribosome biogenesis. Emerging 
evidence suggest that some chemotherapy drugs as 5-Fluorouracil (5-FU), commonly used for different 
tumors, can perturbate ribosome biogenesis causing a condition known as nucleolar stress. In this condition, 
some ribosomal proteins bind to murine double minute 2 (MDM2), the E3 ubiquitin ligase involved in p53 
degradation, and inhibit MDM2 suppression of p53 activity. Thus, high levels of p53 result in cell cycle arrest 
and/or apoptosis1. Nevertheless, the majority of tumors escape death maintaining low level of p53 by 
hyperactivating MDM2 and MDM4. In this context, it seems reasonable to improve the efficacy of current 
chemotherapy and overcome drug resistance by exploiting a new therapeutic strategy consisting in the 
combination of 5-FU with MDM2/4 inhibitors. Recent evidence indicates that MDM2/MDM4 heterodimers 
produce a more effective inhibition of p53 than MDM2 homodimers in terms of ubiquitination, degradation 
and p53 transactivation activity. Consequently, a more efficient p53 reactivation could be achieved targeting 
the MDM2 and MDM4 interface. So far, only a dodecapeptide that overlaps the MDM4 COOH-terminus 
domain, named Pep3, was reported as MDM2/4 disruptor2. Nevertheless, the size of this peptide did not allow 
defining the minimal structural requirements responsible for the activity, a prerequisite to obtain small 
organic compounds or low MW peptide ligands, usually considered more “drug-like” candidates. On this 
premises, a library of smaller peptides able to disrupt the MDM2/4 heterodimer have been designed and 
developed, with two of them, VLP-13 and VLP-24, tenfold more potent than Pep33. In order to overcome the 
high susceptibility of the peptides to in vivo degradation, they have been loaded, alone or together with 5-
FU, into specific nanoparticle (NPs) delivery-system, that have proved to be effective in activating the 
nucleolar stress pathway and reducing cell proliferation on colon cancer cells (see Figure 1).  
 

 
Figure 1. Schematic workflow of the development and biological characterization of nano-delivered inhibitors 
of the MDM2/4 heterodimer 
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In the last 10 years, there has been considerable progress in DNA targeting drugs, especially considering non-
conventional DNA motifs. DNA G-rich sequences, for example, can form four-stranded structures organized 
in stacked guanine tetrads. These structures, called G-quadruplexes (G4s), are enriched in highly conserved 
sequences located in significant position within the human and viral genomes. For such a reason, G4s are 
considered appealing targets for anticancer and antiviral drugs. [1,2] Metal complexes of Schiff base ligands 
can selectively bind G4s structures over B-DNA due to their chemical and structural properties.[3] Recently, 
we have synthesized five non-charged metal complexes of Ni(II), Pd(II), Pt(II), Cu(II) and Zn(II) of Salphen like 
ligands bearing chloride as substituents. We tested their binding with G4s of the KIT gene promoter, in water 
solution, by spectroscopic and computational approaches (Figure 1). The KIT promoter contains a G-rich 
domain within a relatively long sequence potentially able to form three adjacent G4 units, namely, K2, SP, and 
K1. [4] Our goal was to evaluate the interaction of the new complexes with these three sequences and 
evaluate their selectivity for G4s structures over double helical DNA and/or for a specific KIT G4. The Pt(II) 
complex showed the most promising results with large stabilization of K1 and K2 G4s. Furthermore, all 
complexes resulted active when tested against MCF-7 and HepG2 cancer cell lines. The correlation between 
structural properties and G4 interaction capacity prompted us to fine-tune the structure of the ligands to 
increase not only water solubility but also selectivity and interaction profile of the metal complexes. We are 
in the process of synthetizing new metal complexes with asymmetrical Salphen-like ligands, bearing both 
neutral and charged substituents. We will test their selectivity against human and viral G4s, with a focus on 
RNA sequences involved in the proliferation and internalization of SARS-CoV2 in the host cells. [2]  

 

Figure 1. Salphen metal complexes and their binding with c-KIT1 G-quadruplex predicted by molecular docking. 
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Beyond the remarkable editing ability of CRISPR-Cas (Clustered Regularly Interspaced Short Palindromic 
Repeat-CRISPR-associated) systems, the RNA programmed non-specific (trans-) nuclease activity of CRISPR-
Cas Type V and VI systems has opened a new era in the field of nucleic acid-based diagnostics [1, 2].  
However, when using Cas enzymes without pre-amplification of the DNA or RNA target, most CRISPR-based 
platforms shows relatively slow signal generation and limited sensitivity. Here, we report on the 
enhancement of trans-cleavage activity of Cas12a enzymes using hairpin DNA sequences as FRET-based 
reporters. We discover faster rate of trans-cleavage activity and improved affinity (Km) of Cas12a for hairpin 
DNA structures and provide mechanistic insights of our findings through Molecular Dynamics simulations. 
Through the rational design of hairpin DNA probes, we significantly enhance FRET-based signal transduction 
compared to the widely used linear single stranded DNA reporters. Our signal transduction enables faster 
detection of viral and bacterial targets with improved sensitivity and specificity, either in the presence or in 
the absence of an upstream pre-amplification step.  
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In 2019, SARS-CoV-2 caused worldwide the current outbreak named COVID-19. Despite multiple 
countermeasures implemented and approved DNA, RNA and protein subunits  vaccines an additional step 
forward has been made thanks to approved drugs targeting the CoV RdRp (e.g. Remdesivir i.v., Molnupiravir 
p.o.) and the CoV 3CL Protease (Nirmatrelvir) although they suffer of modest efficacy or suboptimal PK 
properties. It is an urgent global need to identify new direct-acting antiviral drugs (DDAs) against this 
pathogen and new emerging viruses, in order to prevent the progression to severe disease or new pandemic. 
In particular, the main protease (Mpro) of SARS-CoV-2 is a cysteine protease playing the essential role in viral 
replication, thus being identified as a solid target for the development of effective antiviral drugs [1] .The 
knowledge of both catalytic mechanism and substrate specificity of the Mpro triggered the idea to exploit 
multicomponent reactions (MCRs) as a fast and versatile synthetic tool toward novel Mpro inhibitors. 
Accordingly, the Passerini reaction-amine deprotection-acyl migration (PADAM) oxidation route, was 
employed for the development of novel small peptidomimetic compounds with a ketoamide war head 
behaving as covalent reversible inhibitors [2]. The peptidomimetics prepared were evaluated in SARS-CoV-2 
Mpro biochemical assay and in antiviral cell-based assays, showing IC50 and EC50 in nanomolar / low micromolar 
range. Furthermore, X-ray co-crystal structures of protease−inhibitor complexes were determined as a part 
of this study, revealing the molecular determinants of the interaction with the Mpro and providing key hints 
for further optimization.  
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The transient receptor potential melastatin type 8 (TRPM8) is a member of the thermo-TRP family, a group 
of polymodal, nonselective, and Ca2+ permeable ion channel, identified as the physiological sensor of 
environmental cold. TRPM8 channels are widely expressed in different tissues and their modulation 
contributes to a wide range of physiological and pathophysiological processes. In the last years, a correlation 
between TRPM8 overexpression in sensory neurons and neuropathic pain has been revealed particularly. For 
these reasons, the design of TRPM8 antagonists became an attractive strategy for neuropathic pain 
pharmacological treatment.1,2 In this context, in recent years our research group synthesized different 
libraries of  tryptamine and tryptophan-based TRPM8 modulators,3,4 leading to the identification of a 
tryptophan derivative, characterized in vitro by calcium imaging and patch clamp assays (IC50 0.2 ± 0.2 nM) as  
the most potent TRPM8 blocker described so far. Although highly potent, this compound showed a short-
lasting effect due to its metabolic instability.3 So, starting from these evidences and taking advantage of the 
recently released cryo-EM structure of the antagonist-bound TRPM85, we designed and synthesized a new 
series of conformationally restricted analogues of the previously described TRPM8 antagonist N,N′-dibenzyl 
tryptophan, aiming to maintain the potency and the selectivity of the lead compound, while improving the 
metabolic stability. Synthesis of the designed compounds also led to the exploration and characterization of 
a new chemical pathway for the synthesis of indol-fused aminoacetales.6 The compounds were characterized 
in-vitro for their TRPM8 antagonist activity by mean of calcium fluorimetric assays and patch clamp 
measurements. The most potent compound 31a (IC50 4.10 ± 1.2 nM), also showed subtype selectivity and 
metabolic stability, when challenged in vitro using liver microsomes. Thus, compound 31a was also tested in 
vivo showing significant target coverage in an icilin-induced WDS assay, in oxaliplatin-induced cold allodynia 
and CCI-induced thermal hyperalgesia mice models. These results demonstrate the efficacy of the TRPM8 
antagonists in animal models of injury-induced neuropathic pain also confirming the suitability of the β-
carboline nucleus in the design of potent TRPM8 modulators, adding one more piece to the puzzle that 
composes the TRPM8 complex biology in the transmission and modulation of pain.  
 
References  
[1] A. Bertamino, C. Ostacolo, et al. J. Med. Chem. Rev. 2020, 59, 2179 
[2] C. De Caro, C. Cristiano, et al. Int. J. Mol.. 2019, 20, 5544 
[3] A. Bertamino, N. Iraci, et al. J. Med. Chem.. 2018, 61, 6140 
[4] A. Bertamino, C. Ostacolo, et al. J. Med. Chem. 2016, 63, 9672 
[5] M.M. Diver, Y. Cheng, et al. Science. 2019, 27, 1434 
[6] A. Bertamino, G. Lauro, et al. J. Org. Chem. Rev. 2017, 83, 12014 
 
 



 

Intertwining continuous flow, organocatalysis and 
sustainable chemistry for the synthesis of medicinally 

relevant (spiro)indolines 

Antonella Ilenia Alfano1, Heiko Lange 2 and Margherita Brindisi 1  

1 SPOTS-Lab, Department of Pharmacy, Via Domenico Montesano, 49, Naples, Italy. 
2 Department of Earth and Environmental Sciences, Piazza della Scienza 1 e 4, I-20126, Milan, Italy. 

antonellailenia.alfano@unina.it 

 

Keywords: Flow chemistry, organocatalysis, sustainable chemistry, MBL inhibitors.  

 
 
Indole- and indoline-based structures have always deserved particular importance, being embedded in 
medicinally relevant compounds of natural and synthetic origins. Fischer indolisation and its variation 
(interrupted Fischer) still represent the preeminent methods for synthesizing the indole and the indolenine 
rings. In our quest towards the development of a reliable methodology avoiding or at least minimizing the 
issues associated to the synthesis of (spiro)indolenines, we recently reported a telescoped sustainable 
synthesis of 3,3-disubstituted indolenines through the use of flow chemistry.1 This newly developed protocol 
displays the potential to turn into an effective coupling point for additional flow reactions for multistep 
syntheses. Accordingly, we sought to investigate the usefulness of (spiro)indolenines as substrates for the 
generation of peptidomimetic frameworks through a Joulliè-Ugi multicomponent reaction.2 A telescoped 
approach coupling interrupted Fischer reaction and subsequent Joulliè-Ugi was established, using small 
amounts of solvent and requiring limited reaction times. The generated compounds were evaluated as anti-
biofilm agents, thus also fostering further scaffold diversification through the developed methodology.  
Flow-based approaches are also amenable for organocatalytic applications. While many examples of catalytic 
asymmetric Strecker are reported on acyclic imines, the same reaction is barely studied on cyclic imines.3 We 
applied asymmetric catalysis in flow to our (spiro)indolenine substrates in order to develop a fast, sustainable 
and highly enantioselective Strecker synthesis of cyclic α- amino-nitriles. Furthermore, we recently developed 
indoline-based M-β- lactamase (MBL) inhibitors. Inspired by the structure of the drug Captopril, able to act as 
weak MBL inhibitor,4 we developed a flow protocol for the production of new derivatives, in high yields and 
optical purities, thus guaranteeing fast structure-activity relationships studies and a focused optimization 
process. 
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Peptides are an important class of biomolecules with a broad range of therapeutic effects, towards which 
the interest as Active Pharmaceutical Ingredients (APIs) is rapidly growing. The crude mixtures obtained after 
synthesis contain the target peptide together with a series of impurities, such as degradation products and 
species formed during the synthetic process. To be declared suitable as therapeutics, the target product must 
fulfill very strict purity requirements; hence, several purification steps are needed, usually performed through 
preparative chromatography [1]. Some impurities, anyway, are so similar, from the chemical point of view, to 
the target peptide that traditional chromatographic techniques cannot achieve a sufficient selectivity 
between them. Also, these species show a very low concentration, which makes them hard to be isolated 
and characterised. Enrichment strategies have been developed in the last years in order to accumulate 
sufficient amounts of impurities and to study their potentially negative impact on the API quality. In this 
study, a continuous chromatographic process has been employed to enrich and successively isolate a critical 
impurity contained in a crude mixture of a peptide, namely salmon calcitonin, industrially produced by means 
of solid-phase peptide synthesis. Continuous chromatography is establishing itself as a valuable technique in 
the field of biomolecules separations; it involves the use of two identical column that work in series and in 
parallel alternatively, exchanging their positions after a period [2]. When they work in series, they are 
connected in such a way that what elutes from the first one is recycled into the second one. In the case of 
interest, the chromatogram window which recirculates into the system is the portion which contains the 
target impurity to be enriched [3]; the fractions which contain the main peptide, on the other hand, are 
discarded. Cycle by cycle, new feed is injected as the main peptide elutes: as a result, the impurity peak 
increases while the peptide peak reaches a steady-state situation. At the end of the cyclic process, a very 
shallow gradient is used to separate, elute and collect the enriched impurity, which is now much more 
concentrated, and the peptide remaining into the system. This technique can also be used to enrich a group 
of impurities instead of a single one. 
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Heat shock protein 90 (Hsp90) is a ubiquitous molecular chaperone that stabilizes client proteins in a folded 
and functional state. Hsp90 uses ATP hydrolysis as a source of energy to perform its cellular activity [1]. Hsp90 
is composed of two identical and symmetrical subunits and each monomer consists of three domains, the N-
terminal (NTD), the middle (MD), and the C-terminal domain (CTD). The NTD contains the main structural 
elements generating the ATP binding site in which the ATP substrate is hydrolyzed [2]. Molecules preventing 
ATP hydrolysis act as Hsp90 inhibitors, blocking its chaperone activity, and subsequently leading to client 
protein degradation and cell death [2]. Human Hsp90 represents a validated target for developing new 
anticancer drugs due to its pivotal role in cell signaling and proliferation [3]. In a previous work, a novel series 
of Hsp90 inhibitors based on a 1,4,5-trisubstitued 1,2,3-triazole have been developed through a 
multidisciplinary approach [4]. In these molecules, the concomitant presence of a resorcinol-like moiety, an 
aryl group, and an alkyl amide in position 4 of the triazole ring represented essential features accounting for 
their potent inhibitory activity. The most promising inhibitor of the series, namely JMC31, showed Hsp90 
binding in the single-digit nanomolar concentration in the fluorescence polarization (FP) assay. Furthermore, 
JMC31 displayed antiproliferative activity toward non-small cell lung carcinoma NCI-H460 with an IC50 of 2.1 
nM. In the present work, the structural characterization of the human Hsp90-NTD in complex with JMC31 has 
been performed through X-ray crystallography. The structure, solved by combining automatic techniques 
and manual rebuilding, has shown significant conformational changes in the area surrounding the catalytic 
site, to which JMC31 is bound if compared with ligand-free Hsp90-NTD and its complexes with ATP and ADP 
analogues [5]. The structural information obtained from the complex of Hsp90-NTD with JMC31 has allowed 
us to evaluate the key structural determinants responsible for inhibitor binding. 
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The role of inflammation as a driver of pathology is linked to the involvement of several converging signaling 
pathways that coordinate the action of different mediators and the recruitment of inflammatory cells.1 The 
arachidonic acid (AA) cascade represents a key biochemical route for targeting inflammatory pathological 
conditions. AA is synthetized from membrane phospholipids by cytosolic phospholipase A2 (cPLA2) and 
transformed via three separate enzymatic systems: a) COXs lead the conversion into prostaglandins (PG) and 
thromboxane, b) cytochrome P450 (CYP450) transforms AA to anti-inflammatory epoxyeicosatrienoic acids 
(EETs), that are converted to the pro-inflammatory dihydroxyeicosatrienoic acids (DiHETrEs) by epoxide 
hydrolase (sEH) c) lipoxygenases (LOs) drive AA conversion to leukotriens.2 Therefore, the simultaneous 
inhibition of 5-LOX and sEH represents a valid approach for the development of a new class of anti-
inflammatory drugs. The present work describes a medicinal chemistry workflow leading to the development 
of a new series of indoline-based 5-LOX/sEH double inhibitors. The design of these molecules was carried out 
starting from a virtual screening protocol performed using an in-house molecular library. Since the 
synthesized compounds nine different zileuton-inspired3 molecules were initially selected. The in vitro 
analysis of these molecules revealed compound 43 as a suitable, indoline-based hit-compound with low 
micromolar inhibitory potencies against 5-LOX. Therefore, a structure-based design of compound 43 
analogues was carried out, leading to the synthesis of 19 new molecules. The second developed series of 
compounds underwent to extensive in vitro testing revealing a remarkable dual inhibitory profile over 5-LOX 
and sEH, rationalized by molecular modelling studies. Compound 73 emerged as the most potent compound 
of the library (IC50s= 0.41±0.01 µM and 0.43±0.10 µM against isolated 5-LOX and sEH, respectively).  This is the 
reason why derivative 73 was challenged for its anti-inflammatory activity in two in vivo murine models 
(zymosan-induced peritonitis and ovoalbumin-induced asthma). Compound 73 displayed remarkable in vivo 
anti-inflammatory properties, suggesting that 5-LOX/sEH dual inhibitors could be considered an important 
starting point for the development of therapeutic tools in inflammatory diseases. 
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The need to develop inexpensive, fast, sensitive, sustainable, selective, and reproducible biosensors is 
becoming more pronounced during and after the global pandemic of COVID-19. Most of these biosensors are 
based on colorimetric assays, which can provide simple platforms for qualitative and semiquantitative assays. 
However, these biosensors are challenged to present quantitative results with low detection limits for 
translational medicine. Surface enhanced-Raman scattering (SERS) can offer an ultrasensitive alternative to 
these colorimetric platforms, as it can reach a detection limit of a single molecule.1 An essential component 
in any SERS platform is the SERS substrate, where Raman scattering is enhanced normally by a factor of 106-
108. SERS substrates are typically fabricated with micro/nanofabrication techniques, which provide 
reproducible nanopatterns with high SERS enhancement.2 Some disadvantage of these methods are that 
they require sophisticated lab equipment, highly trained staff, and a high cost to operate and use, making 
them unfavorable for resource-limited regions.2  
In this study, we present in-situ methods for fabricating SERS substrates utilizing the adhesive and reducing 
properties of polydopamine.3 As polydopamine is biocompatible and biodegradable, it offers a sustainable 
approach to fabricate SERS substrates. By varying experimental parameters, we systematically investigated 
how to optimize the SERS performance of these substrates. As a result of this method, we were able to 
fabricate SERS substrates on a broad spectrum of materials, such as glass, porous membranes, and 
microfluidic devices. The applications of these substrates in the environmental and biomedical fields will be 
discussed. Merging inexpensive, sustainable, sensitive, and easy-to-use SERS substrates and portable Raman 
systems can help transfer SERS into translational medicine.   
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Polydiacetylenes (PDAs) are conjugated polymers usually obtained by topochemical polymerisation of 
diacetylene (DA) monomers through UV radiation which led to a polymeric chain of alternated C=C and C≡C 
bonds (ene-yne), giving a blue non-fluorescent PDAs. Moreover, DA monomers self-assemble in water 
forming highly ordered structures with unique chromatic properties. Under several stimuli like pH, 
temperature and molecular binding events, PDAs undergo a blue-to-red and weakly fluorescent colorimetric 
transition that makes PDAs nanosystems very interesting in the field of sensors and drug delivery [1].  
PDAs systems are usually prepared using amphiphilic commercial monomers like 10,12 - pentacosadyinoic acid 
(PCDA) and 10,12 - tricosadyinoic acid (TCDA), with the addition in the final formulation of phospholipids [2] 
and/or water-soluble polymers [3], that can influence PDAs system sensitivity, stability and drug-released 
properties. 
In the present project, we selected poly(glycerol adipate) (PGA), a biocompatible and biodegradable 
polyester that self-assemble in water by nanoprecipitation method which is highly compatible as preparation 
method for PDAs nanosystems [4]. In addition, PGA modified with 1,4-butynediol was used to study the 
influence of triple bonds stacking interactions within the polymeric chains. 
Herein, PCDA, PCDA/PGA and PCDA/PGAbuty formulations were prepared by nanoprecipitation at different 
weight ratios (0.5, 1 and 2) and after 20 minutes of UV polymerisation each system became blue, due to 
polymer formation.  
 
 

 
 
 

 
 
Size distributions were evaluated by Dynamic Light Scattering (DLS) and showed narrow dispersed 
nanoparticles. Furthermore, PCDA/PGAbuty exhibited a trend in sizes, so the higher was the amount of PGAbuty 
the lower were the dimensions due to the stacking interactions.   
To evaluate the influence of PGA or PGAbuty on the stability of the nanosystems, colorimetric response (CR%) 
was evaluated and calculated at different temperatures. The presence of both polymers influenced the CR% 
at 40 °C leading to lower CR% (ca. 6%) and to more stable formulations.  
In the end, to confirm PCDA/PGA and PCDA/PGAbuty formulations stability in biological conditions, each 
sample was diluted in PBS at pH 7.4 to study the effect of salt on the ionic strength and on the NP size by 
DLS. After 24 hrs, a higher amount of PGA led to more stable formulations even if the sizes were at least twice 
higher than the control, whereas PCDA/PGAbuty samples were stable. 
The newly prepared PCDA/PGAs formulations will be tested as drug delivery nanocarrier for model drugs 

Figure 3. PCDA, PCDA/PGA and PCDA/PGAbuty forlmulations after UV polimerisation for 20 minutes 



 

as well as replacement of polymer-drug conjugates for in vitro cell uptake and in vivo biodistribution. 
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Nanoparticles (NPs) with engineerable physical and chemical properties can potentially transport a drug in 
an “intelligent” way, i.e. only or mostly in the diseased tissue of interest. This helps in increasing the safeguard 
of healthy tissues and in protecting the drug from possible systemic degradation, making it possible to reduce 
the dosage and the side effects [1].  
In our laboratories, we work on synthetic strategies and optimization of such "nanobullets", and in studying 
their interaction with cells or with other models that partially reproduce the environment existing in living 
organisms. I will discuss our efforts for achieving the most reliable synthetic pathway for the synthesis of 
pioglitazone (PGZ) loaded poly(lactic-co-glycolic acid) (PLGA) polymeric nanoparticles, in particular by 
nanoprecipitation and single emulsion-solvent evaporation methodologies. Indeed, recent findings proved 
the benefits of PGZ in treating or controlling the progression of atherosclerosis and diabetes [2,3], but this is 
a poorly soluble drug and therefore its availability will improve if included within NPs [4]. We examined the 
influence of several variables (e.g. component concentrations, phases ratio, injection flux rate) on the 
synthesis of the PGZ-loaded PLGA NPs, and compared the results in terms of nanoparticle size, polydispersity 
index (PDI), zeta potential (ζp), drug loading (DL %), entrapment efficiency (EE %), stability, and cost, 
analyzing also the drug release from the best obtained formulation.  
On the other side, I will review our efforts for characterizing (i) free PGZ and his polymorphs, (ii) PGZ-loaded 
polymeric nanoparticles and (iii) PGZ-NPs uptake within insulinoma (INS-1) cell model via 2-photon 
microscopy and phasor approach to fluorescence lifetime imaging (phasor-FLIM) [5], pointing to potentially 
novel processes for theranostics and anti-diabetics outcomes. 
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The growing demand for effective therapies for women affected by Triple negative breast cancer (TNBC) 
patient has led the scientific community to develop novel anticancer therapeutics which possess several 
advantages compared with conventional methods [1]. Particularly, considering that the delivery of proteins 
or antibodies through the skin by transdermal patches is extremely difficult due to the presence of the 
stratum corneum, enhanced transdermal drug delivery systems are required [2]. To overcome these 
limitations, microneedle (MN) patches, consisting of micro/miniature-sized needles, are a promising tool to 
perforate the stratum corneum and to release drugs and proteins into the dermis following a non-invasive 
route [3,4]. In this context, we propose our project based on the development of a novel drug delivery system 
made up of multifunctional polymeric MNs encompassing the proteolytic enzyme collagenase in the tip (able 
to enhance the penetration and diffusion of drugs by degrading the extracellular matrix) and poly(lactic-co-
glycolic acid) (PLGA)- microparticles (MPs) loaded both Pembrolizumab and paclitaxel in the body. Very 
recently, Pembrolizumab–chemotherapy combination was approved by FDA for the treatment of early-stage 
TNBC [5,6]. This combination showed a significant and clinically meaningful improvement in progression-free 
survival versus placebo–chemotherapy among patients with triple-negative breast cancer. A cancer 3D skin 
model (MDA-MB-231 cell line) was used to perform in vitro MN indentation tests and preliminary therapeutic 
trials, while 4T1 tumor bearing BALB/c mice are going to be used for in vivo experiments. This novel drug 
delivery platform could be an actual reality in the treatment of TNBC and, in the near future, it could be used 
for the treatment of other tumor pathologies. 
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In accordance with the great deal of inter-individual people variations, the differences between them 
i.e., age, gender, and coexistence of multiple pathologies must be considered to ensure the best 
therapeutic adherence [1]. 
Thanks to the continuous upgrade of pharmaceutical technologies several strategies have being 
investigated to fulfil this personalized therapeutic approach. Among these strategies, one of the most 
attractive is the 3D-printing [2], characterized by high manufacturing flexibility that ensure the 
possibility to change shape, dimension, or taste of tablets, customizing these parameters in 
accordance with the needs of each patient, thus improving their compliance[3]. In this study, we aimed 
to produce tablets easy to swallow, exploiting as ink for the semi-solid extrusion 3D printing an 
innovative polymeric blend, a crosslinked alginate hydrogel added of sorbitol. The pre-crosslinking of 
alginate gel improves the shape retention after printing and after drying, while the plasticising action 
of sorbitol should allow to obtain a smoother tablet with improved swallowability. In details, three 
different amounts of 70% sorbitol solution (5, 15, 25 % v/v) were added in the alginate matrix, to identity 
the best composition in terms of both printing requirements and properties of the final platform. The 
data obtained from the printability evaluation of each polymeric ink were collected to highlight the 
impact of sorbitol and have a good manufacturing reproducibility for all inks. Focusing on the 
properties of platform, the residual mass increase was strictly related to the sorbitol amount loaded, 
as confirmed by the r2=0.9970 values of linear regression fitting study. A slight difference related to 
the variation of sorbitol loaded was detected in the shape retainment behaviour. The addition of 
sorbitol at the highest concentration induced some changes in the network entanglement, leading to 
a slight spreading of the forms. In accordance with the information about the swallowability 
requirement, all the dried batches were subjected to mechanical evaluation highlighting a remarkable 
difference in the Young’s modulus between platform with 5 and 15% of sorbitol. In fact, platforms with 
15% of sorbitol showed a matrix elasticity comparable to conventional soft and chewable tablet, 
underlining the increase of swallowability of this alginate-sorbitol platform. On the other hand, the 
further amount of sorbitol used in the ink (25% v/v) did not affect the elasticity of the matrix, but it led 
to an increase in the adhesivity that could negatively affect the passage through the trachea during the 
swallow process. 
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Herein a new bioengineered nanocarrier based on cell membrane cloaked nanomaterials  was developed to 
produce an innovative class of biocompatible materials[1]. This material combines the properties of cellular 
membranes such as high biocompatibility and prolonged blood circulation with the engineering litheness of 
synthetic nanomaterials[1, 2]. In particular, Oil in water nano-emulsions (O/W NEs) are an excellent 
bioengineering tool for drug and molecules delivery due to their ability to dissolve great amount of 
hydrophobic compounds and protect them from hydrolysis and degradation under biological conditions[3]. 
Despite the strong interest towards biocompatible and biodegradable O/W NEs, no previous report was 
available on the combination of cell membrane coatings with such nanocarriers most probably due to the 
typical instability feature of O/W NEs. Recently, we developed ultra-stable O/W NEs, able to carry both 
internal and external cargos (Somes) such as lipophilic compounds and hydrophilic coatings, respectively, 
that we call here NEsoSomes[4]. Here, we report for the first time a new cell membrane (CM) coated 
nanomaterial - composed by membranes extracted from glioblastoma cancer cells (U87-MG) - deposited on 
NEsoSomes through a liquid–liquid interface method to produce highly controllable membrane caked nano-
capsules, namely CM-NEsoSomes. CM-NEsoSomes were fully characterized by different techniques including 
cryo-transmission electron microscopy (CRYO-TEM), nanoparticle tracking analysis (NTA), stimulated 
emission depletion (STED) microscopy or atomic force microscopy (AFM).  Furthermore, CM-NEsoSomes 
cytotoxicity and uptake were tested on human dermal fibroblast (HDF), a healthy model cell line, to prove 
their biocompatibility as nanocarriers. In this scenario, thanks to the Ct-NE versatility and the biomimetic 
feature provided by the cell membrane coating, one can envision innovative and highly performing delivery 
systems with increased bioavailability and metabolic stability of the carried drugs. 

 
 

Figure 1 Schematic representation of CM-NesoSome preparation procedure. 
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Nucleophosmin (NPM1) is a ubiquitously expressed chaperone with high nucleus-cytoplasmic shuttling 
dynamics and functions well established in the nucleolus, nucleoplasm and cytoplasm. Its C-terminal domain 
(CTD) contains, within a moderately basic region, an unusual aromatic tract that forms a hydrophobic core 
for a bundle of 3 right-handed helices [1]. Mutations of NPM1 associated to Acute Myeloid Leukemia (AML) 
are located in the 3rd helix of the bundle and preclude the correct folding of CTD providing an aberrant 
cytoplasmic localization of the protein (NMPc+). Several therapeutic strategies target NPMc+: i) 
oligomerization; ii) nucleolar assembly; iii) translocation; iv) nucleolar starvation; v) destruction; vi) 
proteasomal degradation. Recently, our biophysical results demonstrated that amyloid-like aggregation is a 
direct consequence of AML mutations [2-3], and to exploit the amyloidogenicity of NPMc+ for therapeutic 
purposes, we evaluated the effects of two small molecules, containing the dihydroquinazolin and 
hexahydroquinoline, known enhancers of amyloid aggregation on different regions of the NMPc+ protein. In 
detail, we investigated their potential as pharmacophores on aggregation kinetics and morphology of 
amyloid fibers of two NPM1’s fragments, H2 and Cterm_mutA. Therefore, preliminarily, we evaluated their 
cytotoxicity in OCI-AML2 and OCI-AML3, that overexpress NPMc. 
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Disorder of aromatase levels is responsible of postmenopausal estrogen-dependent breast cancer, the most 
common female cancer. To fight this pathology one of the most important point is the identification of novel 
therapeutic treatments of breast cancer by the exploration of new aromatase inhibitors.1 The inhibition of 
estrogen biosynthesis by aromatase inhibitors (AIs) constitutes one of the principal therapies for 
postmenopausal estrogen-dependent breast cancer.2  
In this respect, a series of sulfonamides with phenyldiazenyl bioisoster of stilbene moiety were designed, 
synthesized and tested, assuming that these two pharmacophores could be effective for the design of new 
AIs (Figure 1). 
From the evaluation of aromatase inhibition, some of these new synthesized compounds showed an in the 
micromolar range and were evaluated in vitro on the human breast cancer cell line MCF7 by MTT assay, 
cytotoxicity assay (LDH release), cell cycle analysis and apoptosis, revealing a dose-dependent inhibition 
profile. The best goal of metabolic activity and an anti-proliferative effect on MCF7 cells is displayed by a 
phenyldiazenyl sulfonamide derivative, being able to block in the G1/S phase checkpoint. The obtained results 
allow considering this compound as an interesting lead for the development of a new class of non-steroidal 
aromatase inhibitors.  

 
Figure 1. Analogue-based design of new stilbene sulphonamide derivatives as AIs. 
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Polymer plays a vital role in nanotechnology, including mostly the surface modification of nanoparticles and 
self-assembled nanostructures.1-2 The capability to control the molecular structure of polymer, thus tuning 
their properties of interest, is the key to create advanced polymeric nanosystems for several biomedical 
applications. In this context, living radical polymerization has been a groundbreaking discovery in polymer 
chemistry enabling the synthesis of polymers with an unprecedented control over molecular structure. 
Thanks to its tremendous potential, this polymerization technique has been used to synthesize various 
functional polymers that can be found for diverse applications, especially nanomedicine in which the 
polymers having the capability to response to the change of surrounding environment play a great impact. 
Indeed, the development of nanostructures based on stimuli-responsive polymers has been a very active 
research field aiming to exploit the change in the physiochemical properties of such polymers to release the 
loaded cargo. This, in turn, will lead to an unprecedented control of the release of therapeutic agents along 
with the possibility to combine different treatment modalities when the hybrid nanomaterials composed of 
stimuli-responsive polymer and inorganic nanocrystals are used. As such, bridging the polymer field and the 
inorganic nanoscience field can lead to the development of novel nanomaterial classes for advanced 
applications in biomedical field, namely drug delivery and combined therapy.1-3 During the past few years, we 
have exploited LRP, namely photo-induced atom transfer radical polymerization (Photo-ATRP), as robust and 
versatile synthetic technique to fabricate various nanostructures based on stimuli-responsive polymers for 
biomedical applications. Using Photo-ATRP, we have realized several novel hybrid nanostructures featuring 
outstanding properties for magnetic hyperthermia and pH-mediated drug delivery and combined therapy 
toward cancer treatment along with the preparation of ultra-small fluorescent gold cluster for bio-imaging.4-
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Targeted delivery of therapeutic agents by nanoparticles (NPs) into tumor sites has enabled improved cancer 
diagnostics and therapy and reduced toxicity to other organs. Recently, in order to enhance the selectivity of 
NPs towards the tumor and its microenvironment (TME) bioinspired strategies are gaining attention because 
the nanoparticles are engineered to mimic the cellular functions. Actually, most studies have focused on 
strategies for complete coating of a nanoparticle core using the cell plasmatic membrane extracted from 
various cells types. In contrast, studies aimed at realizing the integration of the cell membrane into the 
nanoparticle surface are very few. In particular, the fusion with the cell membrane (CM) confers to NPs 
prolonged systemic circulation time, enhanced targeting capacity and internalization [1]. Here, we 
investigated a novel and facile liposome-engineering strategy to modify the surface of liposomes using direct 
membrane fusion between synthetic liposomes and CM extracted from a melanoma cancer cells (hybrid 
liposomes). The conventional fabrication process of hybrid liposomes involve the use of sonication and 
repeated mechanical extrusion through nanoporous membranes, whose disruptive forces could break the 
cell membrane and reassemble it in fusion with lipids to form a hybrid system. These methods are labor 
intensive and time consuming and may suffer from large batch-to-batch differences in hybrid liposome 
properties, as occurs in the production of any kind of nanoparticle system. Microfluidic platforms capable of 
integration of varying reaction compartments have emerged as powerful tools for controlled production of 
NPs [2,3]. However, the difficulty to break the CM by purely hydrodynamic forces in microchannels has limited 
the applicability of microfluidics to fabricated hybrid liposomes. Here, to address this problem, the coupling 
of external force fields to microfluidic reaction channel is suggested and a microfluidic sonication strategy 
for onestep and continuous generation of liposomes and hybrid liposomes is proposed (Figure 1). First, we 
demonstrated the effective fusion of the CM with liposomes through dynamic light scattering, Fluorescence 
Resonance Energy Transfer (FRET) and flow cytometry characterizations, then we explored the homotypic 
targeting strategy for the same type of melanoma cells (MC) used for the membrane extraction, observing 
that the hybrid liposomes had a stronger affinity for its source cancer cells, resulting in 8- fold higher cellular 
uptake compared with bare liposomes, while a lower difference was observed on a human hepatocellular 
carcinoma cancer cell line used as reference term. Moreover, we encapsulated in the hybrid liposomes the 
drug Cobimetinib, and observed in vitro a higher antitumor efficacy referred to the free drug after 24 h + 48 
h wash out treatment.  
 
  



 

 
Figure 1. Schematic representation of setup producing hybrid liposome through microfluidics. 
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In the past decades, significant efforts have been directed toward the research of safer and well-tolerated 
antitumor agents. Several studies allowed to explore the role of the histone deacetylases (HDACs) in 
different cancer types, providing evidences that their inhibition might yield considerable therapeutic 
benefits. To limit the undesired effects associated to treatment with pan-HDAC inhibitors (HDACis), isotype-
selective targeting is required. Taking into account hHDAC6/hHDAC8 aminoacidic similarities in the active site, 
we developed dual-acting small molecules with the purpose to exploit the additive effect deriving from the 
simultaneous and isoform-selective inhibition. To this end, we identified the azetidin-2-one as novel and 
druggable cap-group combined with different linkers bearing hydroxamic acids. Three structurally-related 
classes were designed by properly decorating the privileged scaffold with phenyl moieties. Among the series, 
derivatives possessing a slender benzyl linker showed high potency and selectivity toward hHDAC6/8 over 
the hHDAC1 isoform as resulted from the enzymatic assay. These data were corroborated by western blotting 
analysis which indicated the engagement of the target at the cellular level through the evaluation of the 
acetylation of α-tubulin and SMC3, non-histone substrates of hHDAC6/8 and hHDAC8, respectively. 
Structure−activity relationship analysis and computational studies were used for the selection of the best 
performing compounds for further in vitro characterization. Treatment of colorectal HCT116 and leukemia 
U937 cells with selected analogues, at 50 μM concentration, entailed a reduction of cell proliferation after 48 
h. Incubation of two analogues in human liver microsomes evidenced suitable metabolic stability. The toxicity 
profile of the selected compounds was assessed i) in vitro on mouse fibroblasts (NIH3T3 cells), ii) ex vivo in 
Langendorff perfused rat hearts, and iii) in vivo in zebrafish embryos. In these latter model, the effective 
HDAC6/8 inhibition was confirmed by the increase of acetylated α-tubulin, common substrate of both 
isoforms. Taken together, these results identify novel potential polypharmacological tools endowed with 
good activity/selectivity profile and acceptable drug-like properties. Further investigation is required to 
validate its potentiality as anticancer agents [1]. 
 

 
Figure 1. Discovery of new potent and selective hHDAC6/8 inhibitors. Structure, selectivity profile of selected compounds, western blot 
analyses of acetylated α-tubulin and SMC3 in HCT116 cells, and viability in HCT116 cells. 
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The intravitreal injection (IVT) is still the most employed route of administration for the treatment of 
posterior segment eye diseases, such as age-related macular degeneration, uveitis and diabetic retinopathy. 
These disorders, chronic and degenerative, require frequent injections of the active molecules, leading to 
serious adverse effects, i.g. hemorrhages, cataracts and retinal detachment. Based on our previous studies, 
including protein release kinetics [1], PLGA based microparticles (MPs) have been produced and loaded with 
molecules with a neuroprotective effects, which are: Citicoline (CIT), Palmitoilethanolamide (PEA) and Glial 
Cell-Derived Neurotrophic Factor (GDNF).  
MPs have been fabricated by double emulsion–solvent evaporation technique, without any chemical 
reaction. Briefly, an internal aqueous phase is emulsified with an organic solution composed of PLGA and two 
poloxamers (F68 and F127) (1:0.5:0.5 weight ratio)  in dichloromethane (DCM) by a high-speed homogenizer 
(2 min, 11000 rpm). The primary water-in-oil emulsion was further homogenized with an external aqueous 
phase containing F68 and F127 and hyaluronic acid (Mw = 1600 kDa) (2 min, 11000 rpm). The DCM was 
evaporated under magnetic stirring at room temperature for 4 hours. Then, the hardened MPs were 
centrifuged, washed and lyophilized for 24 h.  
Dimensional analysis by laser light diffraction have displayed MPs with a mean diameter in range between 
29-39 µm.  Morphological studies performed by Scanning Electron Microscopy (SEM) have shown that the 
formulation technique allowed to obtain MPs with a spherical shape and a smooth surface, with only one 
exception of MPs loaded with CIT, exhibiting a porous surface.  

 
Fig. 1. SEM images of MP EMPTY (A), loaded with GDNF (B), CIT (C) or PEA (D). 

 
Previous outcomes confirmed MPs able to sustain the protein release for at least four weeks [1], so that MPs 
could be considered a promising therapeutic approach, aiming to sustain the drug release in the intravitreal 
space and thus reducing the associated IVT pernicious effects. Currently, drug release experiments are 
undergoing, in addition to biological tests, both in vitro and in vivo, firstly to assess MPs safety as drug 
delivery systems to posterior segment eye.   
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Glaucoma is a group of optic neuropathies consisting of retinal ganglion cells (RGCs) and axonal death with 
corresponding loss of field vision. This disease is one of the leading causes of irreversible blindness globally. 
Hydrogen sulfide (H2S) is a gaseous neurotransmitter implicated in various pathophysiological processes. It 
is involved, in particular, in the pathological mechanism of glaucomatous neuropathy [1-2]. 
The aim of this project is to synthesize new drugs which combine the action of antiglaucoma drugs and H2S 
released by “molecular donors”, through different chemical and enzymatic mechanisms, to provide a 
synergistic heightened therapy. 
The molecular hybrids were synthetized by coupling antiglaucoma drugs with H2S donors. The H2S-releasing 
properties of the new compounds were evaluated by amperometric approach. The production of the sulfide 
was tested in a phosphate buffer solution in the presence or in the absence of L-Cysteine 4 mM. A further 
evaluation to study the sulfide release was performed in Human Primary Corneal Epithelial Cells by 
spectrofluorometric measurements using WSP-1, a fluorescent probe which specifically and irreversibly 
interacts with H2S. The fluorescence produced by this interaction was quantitatively recorded by a 
spectrofluorometer. 
Brinzolamide, betaxolol and brimonidine were coupled with different H2S donors such as 4-
hydroxybenzothioamide (TBZ), 5-(4-hydroxyphenyl)-3H-1,2-dithiole-3-thione (ADT-OH), S-ethyl 4-
hydroxybenzodithioate (HBTA) and 4-hydroxyphenyl isothiocyanate (HPI).  
The amperometric assay demonstrated that in the absence of L-Cys, all the compounds showed a completely 
negligible release of H2S. The curves sulfide-release vs time in the absence or in the presence of L-Cysteine 
for betaxolol hybrids were almost overlapping, showing poor H2S generation. Instead, the preincubation with 
an excess of L-Cys (4 mM) improved the production of the gasotransmitter from brinzolamide and 
brimonidine hybrids.  
The fluorometric assay indicated that all brinzolamide hybrids evocated a significant H2S release, while the 
addition of betaxolol hybrids to WSP-1 preloaded corneal cells evoked a mild increase in the intracellular 
sulfide levels. Brimonidine derivatives, except for ADT-OH hybrid, led to a significant release of the gas. 
In conclusion, novel H2S-donor hybrids using as native drugs brinzolamide, betaxolol and brimonidine were 
synthetized.  
The new molecular entities were tested for their sulfide releasing properties via amperometric and 
fluorometric assays. Experimental data showed that compounds 1c (brinzolamide-hbta), 1d (brinzolamide-
hpi) and 3c (brimonidine-hpi) were the hybrids with best properties characterized by a massive and long-
lasting production of the gasotransmitter both in the aqueous solution (in the presence of L-Cys) and in the 
intracellular environment.  
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Diosmin (diosmetin-7-O-rutinoside) is a natural compound abundantly found in the pericarp of various citrus 
fruits which show anti-inflammatory and antioxidant activities useful for the potential treatment of eye 
diseases [1]. Its cytoprotective effect in retinal pigment epithelium cells under high glucose conditions makes 
it a potential support in the treatment of diabetic retinopathy [2]. Despite its benefits, it is characterized by 
a poor water solubility that impair its pharmacological application. Different nanosystems are proposed in 
literature to enhance the bioavailability of this compound, from solid lipid nanoparticles to polymeric 
nanofibers [3,4]. The design of a diosmin-loaded delivery system for topical ophthalmic application 
represents a novelty that has not been yet explored.  
For this purpose, the response surface methodology (RSM) was used to optimize nanostructured lipid 
carriers (NLCs) that could encapsulate Diosmin and at the same time be compatible with ocular 
administration. NLCs were prepared by a simple and scalable technique: a melt emulsification method 
followed by ultrasonication. The experimental design was composed of four independent variables (solid 
lipid concentration, liquid lipid concentration, surfactant concentration and type of solid lipid). The effect of 
the factors was evaluated on NLC size and PDI (responses). The 2FI (two factors interaction) model was found 
to be significant. Analysis of variance (ANOVA) was used to assess the impact of the independent variables 
on the responses [5]. The optimized formulation was selected according to the desirability function (0.993). 
Diosmin at two different concentrations (80 and 160 µM) was encapsulated into NLC (D-NLC1 and D-NLC2, 
respectively). D-NLC were subjected to a physico-chemical and technological investigation revealing a mean 
particle size of 83.58 ± 0.77 nm for D-NLC1 and 82.21 ± 1.12 nm for D-NLC2, respectively, and a net negative 
surface charge (-18.5 ± 0.60 and -18.0 ± 1.18, respectively for the two batches). The formulations were 
analyzed in terms of pH (6.5) and adjusted for osmolarity (0.243 Osm/kg), making them more compatible 
with the ocular environment. Subsequently, analyses were made to assess the drug encapsulation efficiency 
by HPLC and further characterization by FT-IR analysis. Furthermore, stability studies were carried out to 
assess D-NLC behaviour under different storage conditions according to the ICH Q1 guidelines. In vitro studies 
on ARPE-19 cells revealed the cytocompatibility of the NLC on ARPE-19 cells. The effect of D-NLC was 
evaluated in vitro on a model of retinal inflammation, after exposure of ARPE-19 cells to TNF-α (20 ng/mL) 
and D-NLC2 for 48. This assay demonstrated the cytoprotective effect of D-NLC at 0.005, 0.075, and 0.01 % 
v/v. Further studies are underway to improve this and other similar platforms for the ocular delivery of 
diosmin. 
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Despite remarkable progress in clinical research, there is still a lack of effective therapy for the treatment of 
infections caused by SARS-CoV-2, due also to the ongoing spread of this virus and its variants. The non-
structural protein 13 (NSP13) belongs to the helicase superfamily and acts by catalyzing the unwinding of 
dsDNA or RNA in a 5' to 3' direction [1]. Due to its high degree of conservation and to its essential role in 
SARS-CoV-2 replication, it is considered as an attractive target for the development of new antiviral agents 
[2]. 
Based on the crystal structure of SARS-CoV-2 helicase in complex with Z2327226104 (1- (2-methylphenyl) -1,2,3-
triazole-4-carboxylic acid) (PDB code: 7NNG) [3], we performed a virtual screening of an in-house library of 
triazole-based derivatives selected for structural similarity. The docking experiments followed by MM/GBSA 
analysis on the selected set of compounds were useful to identify an interesting compound (1) due to its 
highly superimposable binding mode to that of the co-crystallized ligand (Figure 1). 
 

 
 

Figure 1. Binding mode of the co-crystallized ligand (red) and compound 1 (blue). 
 

In order to explore the chemical space around the identified hit and taking into account favorable interactions 
established within the binding pocket, triazole-naphthyridine derivatives were subsequently designed and 
synthesized. 
In vitro assays on SARS-CoV-2 infected cell cultures revealed promising derivatives with antiviral activity in the 
micromolar range. Results will be discussed. 
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Now more than ever we can figure out that the spread control of contagious disease is a significant aspect 
to limit the infection transmission. In fact, microorganism proliferation and virus diffusion are some of the 
leading infection routes in the transmission of contagious diseases. Among them, the latest coronavirus 
disease (COVID-19), related to the severe acute respiratory syndrome coronavirus (SARS-CoV-2), has given 
rise to the pandemic we are still facing. Nanoantimicrobials (NAMs) can help the fight against virus diffusion 
[1]. The combination of solution-based syntheses and physical deposition approaches offered a number of 
routes to active nanoparticles (NPs) and composite materials. One of the characteristics sought in a 
(nano)antiviral treatment is to ensure the cleaning and sterilization of common touch, inanimate surfaces, 
especially in all those contexts where contagion could run fast: hospitals and clinical laboratories, transport 
and public places [1]. More recently, we focused on water-based and scalable electrochemical routes for the 
production of ZnONPs [2] with enhanced activity towards different pathogens. A thorough analytical 
characterization of the NAMs demonstrated that these nanocomposites exert a controlled release of Zn2+ 
bioactive ions without releasing intact NPs of potential toxicity. In addition, the electrosynthesized ZnONPs 
efficacy against SARS-CoV-2 was also tested [3]. In fact, Zn2+ ions are able to inhibit the angiotensin-converting 
enzyme 2 (ACE2) function in an intercellular environment, which could restrict the ability of SARS-CoV-2 to 
infect cells [4]. Besides the multidisciplinary efforts involved in such studies, the analytical point of view is a 
fundamental aspect. For this reason, a cross-check of the quantification of the SARS-CoV-2 nucleocapsid (N) 
protein antigen and the long-lasting ionic release in solution will be highlighted. The results of microscopy 
(TEM), diffraction (SAED) and spectroscopy (UV-Vis, ATR-IR, XPS) analyses will be discussed, offering a clear 
view of the materials structure, chemical composition and surface reactivity. The NP antiviral activity has been 
tested in vitro against SARS-CoV-2, showing a decrease of the viral loading comprised between 60% and 100%, 
as a function of the material’s composition.  
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Herpes simplex virus type 1 infection commonly affects many people, causing perioral sores, as well as severe 
complications, including keratitis in immunocompromised patients. The main pharmacological approach 
involves synthetic antiviral drugs such as acyclovir, often leading to resistant virus strains under long term 
use. An alternative approach based on antiviral plant-derived compounds, such as mangiferin and quercetin, 
demonstrated an antiviral potential [1][2]. In the present study semisolid forms for cutaneous application of 
mangiferin and quercetin were designed and evaluated to treat HSV-1 infection. Phosphatidylcholine and 
pluronic based gels were produced and characterized. Gel physical-chemical aspects were evaluated by 
rheological measurements and x-ray diffraction. The capability of gels to control mangiferin and quercetin 
antioxidant potential and stability was evaluated. Mangiferin and quercetin diffusion kinetics were compared 
in vitro by Franz cell system, evidencing the different gel capability to restrain diffusion. Furthermore, a 
plaque reduction assay was conducted to compare the virucidal effect of mangiferin and quercetin loaded in 
phosphatidylcholine and pluronic based gels against HSV-1 KOS strain [3]. 

 
(a)       (b) 

Figure 1. Virucidal activity of QT (a) and MG (b) containing formulations, expressed as percentage of viral reduction measured after 1 
(light grey) and 6 (grey) h of contact between formulations and KOS strain at 35 °C. Data represent the mean of 3 independent 
experiments, P values <0.05. 
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African swine fever (ASF) is a high concern severe haemorrhagic infectious disease affecting suids. The 
disease is caused by a large and complex double-stranded DNA virus (genus Asfivirus, family Asfarviridae) [1], 
vehiculated by soft ticks, and transmitted to pigs and wild boars [2]. Many epidemics occurred along the last 
century, from the first records in Kenya (1907), Sardinia (1978-current), until the recent outbreak from Eastern 
to Central and Southern Europe. The virus cannot infect humans but represents a great economic concern, 
causing massive losses in terms money from pork products due the high contagiousness. Boars are the critical 
species due to their massive transboundary movements promoting the spread of the infection. The OIE 
defined the guidelines for the detection of the infected animals including laboratory virus (based on 
polymerase chain reaction) and antibody (based on immunoassays) detection methods to confirm the 
infection. Considering the importance of early detection of such a contagious infectious disease, rapid point 
of care testing (POCT) is a powerful tool to control the spread of the disease [3].  
Along the years, pen-side tests have been reported in literature, molecular [4] (RPA, rtPCR, LAMP) and 
antibody tests [5] (fluorescence and colorimetric Lateral Flow ImmunoAssay). A typical LFIA test includes in 
the single device all the reagents required for the analysis and can be considered as the quintessence of the 
point-of-need testing. As for other infectious diseases, LFIA can be developed and used to directly detect a 
viral antigen. In this work we developed a LFIA test for the rapid detection of the p30 antigen of ASF virus by 
using a specific anti-p30 monoclonal antibody to capture and detect the viral antigen. The ideal is to use the 
test for the on-field monitoring of the disease on boar carcasses in the hunting houses. The scheme of the 
device is reported in Figure 1: the anti-p30 antibody is drawn on a test line on the porous membrane. To 
develop the best LFIA device two challenges must be faced up. Firstly, the use of the same antibody for 
capture and detection can suffer because of antigen-saturation phenomena and the antibody amount must 
be carefully modulated, as we previously demonstrated [6]. This drawback can be overcome by exploring the 
most influent variables (amount and ratio of derivatisation of the detection antibody) to find the top 
performing combination. This approach allowed us for developing the most sensitive test achievable with 
the available material. Secondly, the most convenient matrices for the virus investigation, lymph nodes and 
spleen, are unconventional for LFIA. Therefore, the correction of the matrix effect due to the interfering 
substances was made by means of on-field hydrogen peroxide addition.  
The device was developed and tested on positive (from the Sardinian outbreak) and negative (from the 
hunting season archive in Piedmont) samples. 
 



 

 
 
Figure: The procedure of extraction and analysis with the proposed LFIA for ASFV p30 antigen detection. 
Grinding of slices of spleen and lymph nodes, addition of the hydrogen peroxide and deposition of the sample 
in the sample well, giving the colored line in the presence of p30. 
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Iron is an essential element in the human body because it participates in many biological processes. 
Inadequate iron values can be detrimental to our health as they can cause anemia (iron deficiency) or brain 
damage induced by ischemia (excess iron), among other diseases. Therefore, iron is a potential biomarker, 
the study of which remains of great interest [1]. Nowadays, paper-based microfluidic is a very attractive 
technology to develop novel sensing approaches with diagnostic purposes due to its potential use as point-
of-care testing (POCT) [2]. 

To this end, a simple, fast, portable, disposable, sensitive, and specific colorimetric microfluidic paper-
based analytical device (μPAD) combined with a smartphone readout was developed for the quantification 
of serum iron (Fe3+) which is linked to transferrin. μPAD was fabricated with a piece of filter paper and a 
waterproof marker. The device consists of six circular zones at the ends of the channels, in a radial 
configuration, where the chromogenic reaction takes place under 10 min (Figure 1). Firstly, Fe3+ bound to 
transferrin was isolated from serum samples and preconcentrated by using anti-transferrin immunomagnetic 
beads (anti-Tf-MBs). Secondly, Fe3+ was liberated from transferrin and reduced to Fe2+ using a hydroxylamine 
solution at pH 4.8. Thirdly, the supernatant was added to µPAD, which contains the colorimetric reagent 
ferrozine, for Fe3+ quantification (Figure 1). Finally, the intensity of the purple color formed in the μPAD was 
monitored by a Smartphone and then it was translated to green color intensity (RGB code) by Image J 
software. 

The approach exhibited an excellent linear correlation (r = 0.996) and good LOD (0.3 ppm). The approach 
was validated by analyzing a certified reference material (human serum, 100 µL of sample), yielding an 
excellent accuracy (relative error 3.7%) and precision (RSD 1%, n = 3). These demonstrate that the developed 
μPAD is an efficient, low-cost, and easy-to-use method for POCT of iron levels in serum and it may be an 
interesting way for measuring patients’ serum iron levels with reliability, especially, in developing countries, 
where there are lower health resources. 
 
 

 
 

Figure 1. Scheme of the approach for the determination of serum iron using the immunopurification step and the smartphone–µPAD 
sensor. 
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Cyanide (CN) is a potent and short-acting toxicant, which may enter the bloodstream by inhalation, ingestion 
and skin-absorption. Moreover, hydrogen cyanide may be produced in high concentrations in fires caused by 
the pyrolysis of nitrogen-containing polymers. [1] The main toxic effect of CN is due to its affinity to iron in 
cytochrome c oxidase, which leads to cellular hypoxia [2]. Accidental, suicidal or homicidal deaths related to 
this poison are frequently encountered in clinical and forensic practice [3]. Cyanide levels in biological fluids 
may be quantitative and qualitative determined by several optical, electrochemical and chromatographic 
methods. Nevertheless, most of these methods require complex instrumentation, sophisticated skills and 
trained personnel. Therefore, instrument-free techniques, involving colorimetric detection, have recently 
been developed to measure CN levels in different matrices, such as urine, saliva and blood. However, because 
of the complex nature of blood and its deep red color, colorimetric methods cannot be employed directly to 
quantify cyanide without several pre-treatments [4]. The proposed custom-made device does not require any 
previous treatments, since it is based on a combination of two well-established approaches, namely gas 
diffusion and paper-based analytical devices (pad). To go into details, 200 µL of cadaveric blood are 
transferred into a glass vial containing trifluoroacetic acid, which converts cyanide into volatile hydrogen 
cyanide, which reaches the top of the vial where the paper-based device is arranged. Briefly, the pad consists 
of a 9mm-circle, with a hydrophilic and a hydrophobic part, integrated into the cap (wax). The ninhydrin 
solution (20 g/L in sodium carbonate 20 g/L) is placed on the hydrophilic part of the device, forming a droplet 
where the reaction occurred. The colorimetric method is based on the specific reaction of cyanide with 
ninhydrin, which, in basic environment, produces a color changing from yellow to red (Fig. 1). The color 
change is quantified in terms of RGB distance by using a straightforward and free application for smartphone 
cameras. The selectivity of the Ninhydrin reaction was tested by analyzing ten “negative” blood samples and 
its sensitivity was tested on cyanide spiked blood. The device was optimized and validated for semi-
quantitative determinations in terms of trueness and imprecision. Finally, LOD and LLOQ were estimated as 
2.4 and 4.8 µM, respectively. In conclusion, during the oral presentation attendees will receive detailed 
information about an on-site tool designed to obtain a preliminary result for evaluating a cyanide intoxication 
directly at the crime scene or during the autopsy, thus enabling early investigative action. Indeed, thanks to 
the low-cost and portability of the device, the present method has the potential of offering a real 
breakthrough in fatal cases of voluntary cyanide intoxication as well as accidental exposure to hydrogen 
cyanide vapors.   
 



 

 
Figure 1: Schematic representation of the abovementioned device. 200 µL of cadaveric blood are mixed with 
25 µL of trifluoroacetic acid (TFA), developing volatile hydrogen cyanide (HCN), which reacts with ninhydrin 
solution (yellow) producing the color change. 
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Uric acid (UA) is a metabolite produced by purine nucleotide metabolism and its increased concentration in 
body fluids from the normal range is associated with several medical conditions (i.e. gout, hyperuricemia, 
etc.) [1, 2]. It is precisely for that reason that rapid, simple and accurate detection of UA is of utmost 
importance. 
Herein, UA electrochemical biosensors (see Figure 1), constructed using several functionalized carbon 
nanomaterials (CNMs)-modified screen-printed electrodes (SPEs), are reported. In particular, at the first, the 
performances of MWNT-CO2H, -NH2, -OH and GNP-modified screen-printed electrodes were carefully 
characterized and analytical parameters such as the sensitivity, the heterogeneous electron transfer constant 
(k0), and the peak-to-peak separation (ΔE) were calculated and analyzed [3]. After that, CNMs-modified SPEs 
were exploited to covalently immobilize uricase (UOx) using Prussian Blue (PB) as an electrochemical 
mediator. The Biosensors showed remarkable analytical performances toward UA with high sensitivity (CO2H 
418 μAμM-1cm-2 and bare SPE-based biosensor, 33μAμM-1cm-2), low detection limit (CO2H 0.05 μM and bare 
SPE-based biosensors, 2.8 μM), good repeatability (CO2H and bare SPE-based biosensors, 5% and 10%, 
respectively), and very low magnitude Michaelis–Menten constant (Km) value (0.4 and 31.4 μM for CO2H and 
bare SPE, respectively. Thus, indicating a higher chemical attraction of the enzyme towards the UA when 
CNMs are used as anchoring systems for biosensor fabrication. Moreover, encouraging results in terms of 
reproducibility (RSD%) and recovery (R%) were obtained using these platforms in tests conducted in buffer 
and urine samples obtaining RSD% equal to 6% and 11%, respectively. These results demonstrate that the nano-
modified electrode exhibited good selectivity and sensitivity toward UA even in the presence of interfering 
species, thus paving the way to the application in other bio-fluids as simple point-of-care (POC) devices [4] 
 
 

 
 

Figure 1: Schematic representation of UA biosensor functioning [4]. 
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Proteins and RNA interact in every cell to execute and regulate a vast range of processes that are essential 
for cells and organisms to live and defects in RNA-binding proteins (RBPs) have been linked to pathologies. 
Yet dissecting the exact functions of each RBP and understanding how they selectively bind and regulate 
their RNA targets remains a considerable challenge. RBPs can bind RNA through well-characterised RNA-
binding domains or positively charged sequences. However, most of them lack either a known RNA-binding 
domain or an RNA-related annotation and recent genome-wide studies have reported that about 50% of RNA-
binding sites map to intrinsically disordered regions [1]. 
Protein belonging to LARP (La-related protein) superfamily [2] are RBPs that share a distinctive RNA-binding 
unit called the ‘La-module’. Unexpectedly, it has been recently demonstrated that the La-module plays only 
a minor role in the interaction of a subset of LARP proteins with some of their RNA targets [3]. Among LARPs, 
LARP4A and LARP4B enhance protein synthesis, associate with translating ribosomes and promote stability 
for a subset of mRNAs. They share protein partners, including the cytoplasmic polyA binding protein (PABP), 
and regulate cell morphology and motility. In both LARP4A and LARP4B, RNA recognition is mediated largely 
by disordered regions and transient structured elements in their N-terminal and C-terminal domains that do 
not contain recognizable RNA-binding motifs. However, they unexpectedly differ in the way their disordered 
N-terminal domains recognize RNA. It is thus of fundamental importance to understand the mechanisms of 
RNA recognition and the molecular details of how disordered regions can mediate tight and specific RNA 
interactions.  
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In recent years, the e-cig market is continuously growing, as they are seen a good and less health dangerous 
alternatives to classical cigarettes. [1] These devices are based on an electronically warmed resistance that 
vaporize a glycerin or propylene glycol solution eventually containing nicotine, and due to the versatility of 
this technical approach, the nature of the contained active principle (API) can be easily changed, passing from 
nicotine to other compounds. [2] Parallelly, in these years, a growing interest for cannabidiol (CBD) has 
arisen. This compound, that surely has some interesting pharmacological properties, has been considered a 
panacea [3] and e-cig liquids containing CBD has invaded the market. [4] In all the cases, CBD is dissolved in 
neat propylene glycol or 70:30 propylene glycol:glycerin. Commonly, 2, 10 or 20 mg/mL solution are available, 
eventually aromatized with food-grade aromas. [5,6] 
The ready-to-use e-liquid containing CBD are sold in some countries, while in others in compliance with the 
laws in force a two-container kit composed of CBD crystals and propylene glycol is sold. [7] The buyer has to 
mix the content of the two bottle and the e-cig liquid is ready to be used. 
In this way, the buyer is led to believe that he is hiring CBD, leading to the conviction that e-cig can be 
considered a valid method for the systemic delivery of CBD, but up to now it is not clear how much API he 
can “smoke” and assume. Several doubts arise as, in the case of nicotine-containing e-liquid, erratic results 
are reported concerning the amount of alkaloid delivered [8] while in the case of CBD-containing vapors CBD 
was identified but not quantified, leading to the conviction that significant amount of it can be assumed via 
this delivery system. [9] 
In this work, conducted by a GC-MS analysis of the smoke produced by e-cigs and condensed in a cold 
chloroform solution (see Figure 1), we have finally proven how much CBD can be assumed, and that other 
cannabinoids are not formed and/or delivered in significant amounts. 
Considering the fact that the amount of CBD found in the e-cig smoke are the maximal ones delivered but 
that a significant amount of it escapes the lungs, we conclude that the e-cig an improbable and inefficient 
method for the systemic delivery of CBD. In fact, considering that in the best scenario 56% of CBD survive 
smoking and that 2 mL of e-liquid is a reasonable daily dose and, assuming a 20% deposition in the lung and 
using a 20 mg/mL e-liquid, only around 5 mg are bioavailable. We remind that the amount of CBD commonly 
used for therapeutic purposes is in the range 20-1000 mg/day. [10] 
In these experiments, performed with a real e-cig and not with pyrolysis GC or similar simulation instruments, 
we also concluded that negligible amounts of THCs are formed during the smoking processes (i.e. the amount 
formed was < 0.1 mg) considering that the threshold dose for THC is around 2.5 mg. [11] 
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Figure 1.  Experimental set-up: the experiment was performed connecting the e-cigarette to a Drechsel bottle with a Tygon tube and 

connecting the Drechsel bottle, filled with chloroform to a vacuum flask and to a vacuum 

pump. 
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Introduction: Gestational diabetes mellitus (GDM) is a hyperglycemia state that is diagnosed during the 
second or third trimester of pregnancy, typically by an oral glucose tolerance test (OGTT) [1]. The OGTT is 
unpleasant, time-consuming and has low reproducibility [2]; moreover, by the time of its use, the fetal 
phenotype is already altered in GDM pregnancies [3,4,5]. Hence, GDM diagnosis can be improved. Predictive 
models that combine vibrational spectroscopy with chemometrics classification techniques are an auspicious 
means to achieve that goal, either as early detection tools or as alternative screening tools [6].  
Objective: To develop and evaluate near-infrared (NIR)-based chemometrics models for the prediction of 
GDM in Chilean pregnant women.  
Methodology: Pregnant women with ≤ 12 gestational weeks and without pregestational diabetes were 
recruited in Concepcion, Chile. GDM diagnosis was performed at 24-28 gestational weeks, with fasting 
glycemia 100-125 mg/dL or post load glycemia (75 g, 2 h) ≥ 140 mg/dL. Sera were collected during the first 
(nControl = 71, nGDM = 15) and second (nControl = 40, nGDM = 8) trimester of pregnancy. For each serum sample, 5 
NIR spectra (range 10500-4000 cm-1, resolution 4 cm-1) were recorded and averaged. Besides the full NIR 
wavenumber range, 3 shorter spectral regions were assessed: 10500 to 7600 cm-1, 7600 to 5100 cm-1 and 5100-
4000 cm-1. For each spectral range, 80 different combinations of transformations (Savitzky-Golay smoothing 
or first/second derivative with varying filter width, standard normal variate scattering correction, automatic 
weighted least squares baseline correction, 2-norm normalization) were tested. Data were preprocessed by 
mean center. For GDM prediction, the chemometrics classification technique partial least squares-
discriminant analysis (PLS-DA) was employed. The models’ performance was evaluated by their area under 
the receiver operating characteristic curve (AUC) in calibration and leave-one-out cross-validation. 
Results: The best first trimester PLS-DA model was obtained with the 10500-7600 cm-1 spectral region, 2-norm 
normalization and mean center. It got a cross-validation AUC (CV-AUC) of 0.7070. The best second trimester 
PLS-DA model was obtained with the 5100-4000 cm-1 spectral region, Savitzky-Golay first derivative 
(polynomial order = 2, filter width = 15) and mean center. It achieved a CV-AUC of 0.9313. 
Conclusions: The developed models are able to classify GDM and control women with a moderate predictive 
power in the first trimester, and an excellent performance in the second trimester. Therefore, the latter may 
be helpful to improve GDM diagnosis, as an alternative screening tool. 
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Hydrogen peroxide (H2O2) is the main reactive oxygen species (ROS) produced by cell mitochondria in various 
biological processes. It has become an indispensable messenger of cell signal cascades. Unregulated and over-
produced or mismanaged oxygen-containing molecules lead to the destruction of tissues and organs. Excessive 
hydrogen peroxide damage nucleic acids and proteins. It is involved in developing many life-threatening diseases, such 
as cancer. Because of its different roles, it is essential to develop rapid and selective methods of detecting hydrogen 
peroxide to prevent the adverse effects caused by its excess production. 
Consequently, we aimed to develop an effective test for H2O2 detection through high sensitivity and selective 
electrochemical techniques. In this work, we report a simple microwave-assisted synthesis of  MXene-Co3O4 
nanocomposite for sensitive and selective detection of hydrogen peroxide in human breast cancer cells. The newly 
formed MXene-Co3O4 nanocomposite was characterized for morphological and spectral parameters by using various 
techniques like Field emission-scanning electron microscope (FESEM), High-resolution transmission electron 
microscopy (HRTEM), X-ray diffraction (XRD), and X-ray photoelectron spectroscopy (XPS) techniques, which confirms 
the formation of MXene-Co3O4. The MXene-Co3O4 nanocomposite was used to detect hydrogen peroxide by 
employing linear sweep voltammetry  (LSV) and cyclic voltammetry (CV). Under optimized conditions, the limit of 
detection (LOD) for hydrogen peroxide is around 0.0313 nM with good linearity. MXene-Co3O4 nanocomposite was 
successfully applied to analyze hydrogen peroxide in different cancer cells. The developed sensor demonstrated 
satisfactory anti-interference, reproducibility, reliability, repeatability, and applicability for the detection of hydrogen 
peroxide. This proof of principle serves as a stepping stone toward promoting an ultrasensitive and precise assay for 
detecting hydrogen peroxide. 
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Guanine-rich tracts are potentially able to fold into G-quadruplex (G4) structures. G4s are non-canonical 
nucleic acid secondary structures mainly found in telomeres and oncogene promoters that emerged as 
attractive targets in anticancer strategies [1,2]. Thus, designing small molecules targeting these structures 
may represent a valuable therapeutic strategy. Indeed, well-known G4 ligands can induce genome instability 
and activate innate immune genes at non-cytotoxic doses, opening the discovery of cytostatic G4 ligands 
with anticancer immune-stimulating activity [3]. However, the interplay of their G4 affinity/selectivity with 
cytotoxicity in relation to immune gene activation is not well understood. Furthermore, no G4 ligand has been 
established yet as an effective anticancer drug in human patients [4]. 
Here, we have investigated a series of closely-related hydrazone-based G4 ligands to define the molecular 
bases of immune-stimulation activity rather than cancer cell killing. Our findings show that hydrazone-based 
compounds constitute a class of molecules with an overall high binding affinity to the studied c-kit, cmyc and 
telomeric G4s in vitro. Hydrazone derivatives with two positively-charged chains have a higher affinity, but 
somewhat reduced selectivity, than derivatives with one positively-charged chain. The former, even though 
closely related to each other, differ in biological effects, including cytotoxicity, genome instability, and 
immune gene activation. Our findings show that the G4 affinity of the ligands is a critical feature for immune 
gene activation, whereas a high cytotoxic potency interferes with it. Thus, we propose a new rational based 
on low cell-killing potency to discover effective anticancer G4 ligands. 
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In the last decades, oligonucleotide aptamers have attracted great interest for therapeutic and diagnostic 
applications [1]. In particular, in the case of the thrombin binding aptamers the adoption of a 
duplex/quadruplex motif, which is widely spread across the human genome [2], provides a significant 
improvement of the oligonucleotide properties. The first selected duplex/quadruplex anti-thrombin aptamer 
was HD22, a 29-mer oligonucleotide that recognizes the heparin-binding site of the thrombin (also known as 
thrombin exosite II) with high affinity but without exerting an anticoagulant activity [3]. Subsequently, the 
addition of a duplex domain to an antiparallel G-quadruplex module similar to that of the ancestor exosite I 
binding aptamer (TBA) produced a bimodular aptamer, RE31, having a higher anticoagulant activity as 
compared to TBA [4]. Interestingly, the use of new SELEX procedures has allowed the discovery of two 
powerful duplex/quadruplex aptamers: NU172, currently the only anti-thrombin aptamer in clinical trials [5], 
and M08s-1, a potent anticoagulant aptamer with an inhibition activity higher than NU172 [6]. 
Despite their unquestionable properties, oligonucleotide aptamers display some drawbacks that continue to 
hinder their applications. Several functionalization strategies have been undertaken to overcome these 
weaknesses, using mostly thrombin binding aptamers, in particular TBA, as proof-of-concept to evaluate the 
effects of the chemical modifications towards the therapeutic or diagnostic properties of aptamers [7]. 
Structural details on the effects of the mixed duplex/quadruplex structure or some chemical modifications 
on interaction of anti-thrombin aptamers with the target molecule have been revealed during the last years 
by extensive crystallographic studies [8-11]. A comparative analysis of the aptamer folding and of the 
structural features that determine their peculiar functional properties will be discussed at the meeting. 
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In the attempt to overcome the well-known drawbacks of cisplatin and its derivatives, the development of 
new platinum-based anticancer drugs has progressed. A great interest is concentrated on the class of Pt(IV) 
prodrugs that, undergoing reduction by cellular reducing agents or by photoactivation, release their axial 
ligands to form the corresponding four-coordinate active Pt(II) species. A detailed understanding of the 
mechanism by which these prodrugs can be activated, and of the influence of axial and equatorial ligands on 
reduction, could lead to useful guidelines for the subsequent design of more potent Pt (IV) complexes with 
enhanced anticancer properties. 
Wexselblatt and Gibson, in a 2012 paper [1] asked the question “What do we know about the reduction of 
Pt(IV) pro-drugs?”.  The type of mechanism that allows the activation by reduction of Pt (IV) prodrugs is still 
under debate. Both inner- and outer-sphere mechanisms are considered feasible and both kinds have been 
investigated computationally and experimentally by adopting different strategies.  In the former case, the 
two-electron transfer takes place through a direct contact between the platinum complex and the reducing 
agent with the formation of new bonds, while in the latter the electrons are transferred without any direct 
interaction. Theoretical studies carried out, recently, by us [2,3] have allowed to further classify the inner-
sphere reduction mechanisms of Pt(IV) prodrugs, when the ascorbic acid is the reducing agent, as i) ligand 
bridged, ii) ligand-bridged H-transfer and iii) enolate β-carbon attack. Regarding the outer-sphere 
mechanism, the adoption of the decomposition scheme proposed by Baik and coworkers[4]  allows to predict 
the standard redox potential of the examined complexes.  
Here, the outcomes of detailed computational analyses carried out on the activation mechanism of numerous 
Pt(IV) prodrugs by means of density functional theory (DFT) are reported. On the basis of the collected 
results, we try to rationalize the differences in behavior for the selected Pt (IV) complexes as a function of 
the nature of the ligands both in axial and equatorial position. 
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Aurora kinase A (AURKA) is a serine/threonine kinase involved in centrosomes maturation and separation 
and it is widely overexpressed in a variety of solid tumors. In neuroblastoma, it displays a critical function 
independently of its kinase activity by binding to the oncoprotein N-Myc, preventing its degradation. This 
interaction contributes to the progression of neuroblastoma since it interferes with the cell-cycle exit of 
neuroblasts. While intense efforts have been made to develop AURKA inhibitors, the very low druggability 
of N-Myc has prevented any successful strategy for chemotherapeutic intervention. However, recent studies 
demonstrating the interaction between AURKA and N-Myc have provided an innovative therapeutic 
approach. These findings have prompted the identification of new compounds able to disrupt the AURKA/N-
Myc complex, in order to promote N-Myc degradation. New studies indicated that some already known 
AURKA inhibitors were capable of blocking this protein-protein interaction [1]. RPM1722 has emerged as a 
promising orthosteric bis-anilinopyrimidine AURKA inhibitor. Its bromine atom of the benzene ring is thought 
to be responsible for induced-dipole forces that freezes the enzyme in an unusual “DFG-out/loop-in” 
conformation. However, although in vitro assays RPM1722 was able to also inhibit the N-Myc/AURKA 
interaction, it seemed quite ineffective in cell-based assays. This is probably because the greater speed with 
the more stable complex is formed which removes free AURKA available to be bound by inhibitors. In this 
scenario, we described the design and synthesis of a new library of 2,4-disubstitued pyrimidine structurally 
related to RPM1722 [2]. The pyrimidine core and the 4-carboxyphenylamino substituent in position 2 have 
been kept. Conversely, the nitrogen atom was replaced with an oxygen or sulfur and the phenyl ring in 
position 4 of the pyrimidine was modified by introducing halogens in 2, 3 and 4 positions. On the other hand, 
it has been also shown a covalent Coenzyme A inhibition of AURKA as a result of the formation of a sulfur 
bridge between the thiol group of the pantetheine tail and the side chain of Cys290 residue located in the 
activation loop of AURKA [3]. This mechanism is specific and provides the proof of concept for a potential 
irreversible inhibitory mechanism of AURKA which would possibly keep the AURKA in a conformation 
unsuitable for N-Myc binding. Hence, we retained the 2-(4-carboxyphenylamino) pyrimidine core of RPM1722 
as anchor site and decided to design a long branch with a terminal electrophilic warhead to mimic the 
pantetheine tail of acetyl-CoA to reach for the Cys290 residue (Figure 1). 
 



 

 
 

Figure 4. Hit compound RPM1722 [2] and general structures of our new inhibitors. 

 
All the newly synthetized compounds were evaluated in enzymatic inhibition assays and X-ray 
crystallographic experiments were performed to corroborate our biological results. Further investigations 
are needed to better understand the mechanism of action of our compounds. 
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Pancreatic ductal adenocarcinoma (PDAC) is the 7th leading cause of cancer-related death [1] and usually 

it is not diagnosed until the spread beyond the pancreas itself. An increasing number of studies shows that 
tumor metastasis and therapeutic resistance are mainly due to pancreatic cancer stem cells (PCSCs) known 
to drive tumorigenesis, chemoresistance and disease relapse [2]. 

To better understand PCSCs epigenetic events leading the de-differentiation process in cancer cells, an 
epiproteomic analysis of histones acetylation and methylation of two different PDAC cell lines (i.e., PaCa3 
and PANC-1) was performed by quantitative LC-MS/MS based on super-SILAC. PCSCs were obtained culturing 
parental (P) cells in a specific "CSCs medium" for 2, 4 and 8 weeks (CSC2w, CSC4w, CSC8w), while adherent-
cells (Ad) were obtained from CSC4w re-cultured in "P cell medium" for 10 days (Ad10d) and 2 months 
(Ad2m). Extracted histones were mixed with an equal amount of super-SILAC mix, separated on a 17% SDS-
PAGE gel and bands corresponding to H3 and H4, were excised and in-gel digested with trypsin allowing an 
‘Arg-C-like’ digestion. Peptide mixtures were then separated by an ultra-nanoHPLC coupled to a Q Exactive 
HF MS instrument (Thermo Fisher Scientific) [4]. 

A total of 48 and 55 modified histone peptides were identified in PANC-1 and PaCa3 cell lines, respectively.  
A multivariate analysis was performed on the two mixed dataset applying an unsupervised PCA to provide an 
overview of the dataset, and a supervised OPLS-DA to find differences between cells with epithelial or stem-
like phenotype. Moreover, modified histone peptides of each cell line that changed significantly (fold-change 
= ±1.3, p-value < 0.05) in the comparisons CSCs 4w vs. 2w, 8w vs. 4w, 8w vs. 2 w, Ad 10d vs. P, Ad 2m vs. P, AD 
10d vs. 2m, were also evaluated by one-way ANOVA followed by Bonferroni’s posthoc test on log2 
transformed L/H ratios.  

The epiproteomic profiling of PaCa3 and PANC-1 cells revealed commonly altered histone PTMs as well as 
cell-line specific related to quiescence, apoptosis, chemoresistance and EMT. For example, H4K20me3 and 
H3K9me3 were found to be particularly abundant in PCSCs of both cell lines as compared to epithelial-like 
cells. Interestingly, H4K20me3, whose induction in PCSCs was confirmed by western blotting analyses, is 
known to be a repressive mark of key drivers of the epithelial state [5]; while H3K9me3 is correlated to the 
silencing of pro-apoptotic genes of chemoresistant PDAC cells [6]. Other modified histone peptides of 
interest were dysregulated in PCSCs including among others, H3K4me2, H3K27me3 and H3K36me2. 

This research paves the way for validations including ChIP-seq analyses of the changing PTMs to 
determine where alterations occur at the genome-level and to identify target genes.  

We expect that the accomplishment of this project will allow the detection of new targets, with a view to 
improve PDAC therapeutic strategies, usually not affecting PCSCs. 
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Doxorubicin (DOX) is one of the most used anti-cancer drugs for treatment of a large variety of tumors. 
However, its use is hindered by the dose-dependent cardiotoxicity and the development of resistance. 
Different mechanisms are at the basis of multidrug resistance (MDR); for DOX this phenomenon seems to be 
mainly exerted through its increased efflux from cancer cells as result of the overexpression of adenosine 5’-
triphosphate (ATP) binding cassette (ABC) transporters [1]. Many strategies have been proposed to 
overcome MDR, in particular coadministration of DOX with compounds able to inhibit the activity of ABC 
transporters and consequently block drug extrusion [2]. Nitric Oxide (NO) is the ideal candidate for this 
purpose: this small, free radical, other than being involved in the regulation of a number of vital functions 
and playing an important role in tumour biology, can disable ABC transporters through nitration of critical 
tyrosine residues [3]. As the dose of  NO is crucial to reach the desired biological effect, an accurate control 
of its delivery is mandatory. Light represents a powerful tool to fulfil this need with high spatiotemporal 
control by using appropriate photoprecursors namely NO Photodonors (NOPDs) [4].  
In this contribution, we report for the first time a novel NOPD operated by DOX as light-harvesting antenna. 
It permits NO uncaging from a N-nitroso appendage upon selective excitation of DOX with the highly 
biocompatible green light, without precluding its typical red emission useful for the localization of the NOPD 
within the cellular environment [5]. The biological activity of this novel NOPD has been investigated in vitro 
against breast cancer cells using free DOX as reference compound. This study gave the possibility to gain 
insights into the photo-chemotherapeutic properties of the NOPD and the related mechanisms of action [6].  
 

 
 

Figure 1. Structure of the novel NOPD releasing NO under green light excitation and its main activity. 
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Hydrogels represent systems of great relevance for many biomedical applications, since they have found 
clinical use in several therapeutic approaches, such as controlled drug delivery, cutaneous treatments, 
antimicrobial strategies.[1], [2] Trapping photoactivable materials, e.g. inorganic photocatalytic particles, in 
hydrogel matrices can lead to the formulation of innovative biomedical systems to apply in non-invasive 
phototherapies. Among the most effective photocatalysts, titanium dioxide (TiO2)-based materials are 
currently the most widely exploited in the environmental and cultural heritage fields, as well as in biomedical 
applications.[3]–[5] TiO2 colloids and composites have been investigated for their ability to induce light-
triggered redox reactions able to damage and inactivate biomacromolecules. The main restriction for their 
application in Life Sciences is the need to activate the photocatalyst by UV radiation, a limit that can be 
overcome by doping the TiO2 lattice with heteroatoms.[6] 
Here, the design and application of an innovative chitosan/PEG hydrogel loaded with visible light sensitive N-
doped TiO2 is reported. The hydrogel obtained by chitosan gelation with the cross-linker poly(ethylene 
glycol)diglycidyl ether constitutes a light-transparent biomimetic and biocompatible network suitable for 
biomedical applications. The N-doped TiO2 loaded hydrogel was demonstrated to be triggered under blue 
light irradiation, allowing for the activation of photocatalytic reactions by use of visible light instead of UV. 
As a proof of the effectiveness of the N-doped TiO2 loaded hydrogel, an in-depth investigation of light-
induced degradation of proteins was carried out. Myoglobin from equine skeletal muscle and bovine serum 
albumin were embedded in the hydrogel along with N-doped TiO2, and the photo-oxidative reactions were 
initiated by irradiation with a blue light LED centered at 420 nm. The effects on the protein structure were 
investigated by means of UV-Vis absorption and fluorescence spectroscopy. The results demonstrated the 
effectiveness of the N-doped TiO2 loaded hydrogel as photocatalytic system and its potentiality as biomimetic 
environment to investigate in details the photodegradation of target proteins. This work shows an innovative 
strategy to directly monitor the effects of photocatalysis on proteins, as well as a promising result towards 
the realization of a new photoactive hydrogel for applications in the field of phototherapy, especially for 
treatments of skin infections and biofilm degradation.  
 
 



 

 
 

Figure 1. General model of photocatalysis of proteins with blue light sensitive N-doped TiO2, and myoglobin 
Soret band decrease by UV-Vis absorption spectroscopy.  
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Optical imaging, an emerging imaging technique based on the use of fluorescent probes, is becoming a very 
attractive approach that enables non-invasive real-time diagnosis of various diseases and allows for 
therapeutic purposes such as fluorescence guided surgery. The advantages of using probes capable of 
emitting at wavelengths included in the Short-wave infrared region (named SWIR or NIR-II; 1000-1700 nm), 
compared to dyes emitting in the visible spectral range or in the NIR-I region (650-900 nm), have been 
demonstrated in recent years thanks to improved image quality and higher resolution.1 Among all the 
fluorophores used for optical imaging, organic dyes (such as cyanines) are the most attractive due to the 
reduced limitations in terms of safety profile and biocompatibility. Although different organic dyes, able to 
emit in the SWIR region, have been developed, the main limitations of these probes consist in the poor water 
solubility and the tendency of cyanine-like structures to form non-emissive aggregates in polar environments, 
thus limiting their use in vivo. Flav7, a cyanine-like fluorophore able to emit in the SWIR region, with high 
fluorescence quantum yield compared to other similar SWIR-emitters and with a high brightness, suffers 
from high lipophilicity, low solubility in water and the tendency to form aggregates in polar media.2 The aim 
of our work was to design and synthesize a new series of more polar derivatives of Flav7, while maintaining 
or improving the good optical properties of the original compound. By chemical modulation of the 
substituent group at the 7-position of the flavylium ring of Flav7 we obtained various derivatives, endowed 
with different physicochemical properties and we analyzed these compounds to assess their absorption and 
emission profile. Among the newly synthesized compounds, a derivative, named FlavMorfo, has shown a 
slightly improved absorption/emission profile compared to Flav7, with a higher emission intensity in different 
solvents when measured at the same concentration of Flav7. Micelle formulation for both the compounds, 
Flav7 and FlavMorfo, was performed and compared in terms of absorption/emission profile, showing a 
higher emission intensity for FlavMorfo micelles in aqueous media than Flav7 micelles, thus opening to new 
possible applications of this derivative.  
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Reactive oxygen species (ROS) and reactive nitrogen species (RNS) represent “unconventional” therapeutics 
with precise spatiotemporal control which may open new horizons for innovative therapeutic systems. 
Among ROS and RNS, peroxynitrite (ONOO-) plays a dominant role in view of its potent oxidizing power and 
cytotoxic action. In addition, ONOO- offers the advantage of the nitration of protein tyrosines, a process at 
the basis of the inhibition of cell efflux pumps that are mainly responsible for multidrug resistance (MDR).1 
As a consequence, ONOO- can be exploited not only as a cytotoxic agent, but also as a powerful tool to reduce 
the extrusion of conventional chemotherapeutics affected by MDR, and enhance their anticancer activity.2 
Thus, molecules able to generate ONOO- represent potential anticancer prodrugs. However, due to the lack 
of selectivity, precise spatiotemporal control in the ONOO- delivery is highly desirable. Light represents a 
powerful trigger for the fine control of the release process starting from suitable photoprecursors; photons 
are in fact ideal external stimuli for the rapid introduction of cytotoxic agents at the target site, with superb 
control of site, time and dosage of the released species.3 We report here the design, synthesis, photochemical 
characterization and biological evaluation of the first ONOO- generator, the molecular hybrid BPT-NO (Fig. 1), 
activable with red light, with the additional advantage of red fluorescence emission usable for its cellular 
tracking. It consists of a benzophenothiazine as light-harvesting antenna, joint to an N-nitroso appendage 
through a flexible spacer. Excitation of this molecular hybrid with 670 nm light triggers the release of nitric 
oxide (NO) from the N-nitroso moiety and produces superoxide anion (O2

 l-) from the benzophenothiazine. 
ONOO- is generated due to the reaction occurring between lNO and O2

l-. The red fluorescence arising from 
the benzophenothiazine chromophore allows the tracking of the molecular hybrid in HeLa and MDA-MB-231 
cancer cells, where it mainly localizes in the endoplasmic reticulum. This hybrid is well tolerated in the dark 
by both cell lines. In contrast, irradiation with red light results into remarkable levels of cell mortality. This is 
the first example of ONOO- generator regulated by red light and can open intriguing prospects in biomedical 
research where precise and spatiotemporally controlled concentrations of ONOO- are required. 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Proposed molecular mechanism leading to the generation of ONOO- from the molecular hybrid BPT-NO. 
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In the last decade, the chemical research has devoted growing interest to the manufacturing of improved 
adhesive products to be used e.g. in biomedical applications. In this context, the preparation of highly 
performing devices by use of natural substances has been actively investigated, in order to rely on less toxic 
materials, possibly from renewable sources and with a low environmental impact.  
Nature is always a source of great inspiration, and in fact many efficient natural adhesion systems have been 
described, which allow permanent or temporary adhesion in different environmental conditions. Examples 
include the locomotor organs in various animal species, e.g. insects, spiders and geckos,[1,2] or the 
extraordinary wet adhesion properties of mussel byssus proteins.[3] In the latter case, these properties have 
been attributed in particular to the simultaneous presence of 3,4-dihydroxyphenylalanine (DOPA) and lysine 
residues, able to create an adhesive network by both covalent and non-covalent interactions.[4,5] 
On this basis, we report herein the development of all natural adhesive materials by exploitation of cross-
linking interactions between proteins and natural polyphenolic compounds. In a green chemistry perspective, 
attention was focused on soy protein isolates (SPI), which are largely available at low cost as one of the main 
industrial wastes from soybean processing. Preliminary experiments run on wood specimens showed that 
SPI thermal denaturation was critical to get underwater adhesive capacity. Therefore, an optimized protocol 
was developed involving incubation of SPI in water (10% w/w), at 85°C, for 1 h, followed by addition of the 
phenolic compound at 28 mM, after that the resulting mixture was taken to 50°C and to pH 9, expected to 
favor oxidation of the catechol to an o-quinones that can be entrapped by nucleophilic residues of the protein 
with formation of a network.[6] Good results were obtained in particular using caffeic acid, gallic acid or 
chlorogenic acid as phenolic additives, since the water resistance of wood supports and chicken tissues glued 
with these materials proved higher compared to that obtained using SPI alone. In addition, the materials 
were also effectively incorporated into agarose-based hydrogels, exhibiting promising antimicrobial and 
biocompatibility properties for wound dressing applications.  
Studies aimed at the investigation of the adhesive properties of whey protein isolates (WPI), easily accessible 
as by-product of the dairy industry, combined with polyphenol rich extracts from agri-food by-products are 
underway. 
 
 

 
 

Figure. A) Proposed lattice structure for SPI/polyphenols hydrogels. B) Adhesive properties of agarose-based hydrogels.  
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Over the past few years, naturally-derived polymers are being increasingly considered promising coating 

materials to obtain novel drug-eluting devices, such as drug-eluting stents (DESs). Natural biodegradable 
polymers include proteins (e.g. zein) and polysaccharides (e.g. alginate), which are not only biocompatible, 
but also able to release non-toxic degradation products. These materials may limit adverse effects, such as 
exaggerated inflammatory response and delayed re-endothelialization, which often occur when residual 
synthetic polymers remain in place [1,2].  

In our first study, we developed novel biodegradable zein-based bilayer coatings on stainless steel 
substrates [3]. Rutin, a plant-based flavonoid with several biological properties, was loaded into a zein 
polymer layer. Experiments were carried out to assess the release profile of rutin from single (zein) and 
bilayer (zein and alginate) coated substrates and the resulting antioxidant activities. The fabricated coated 
surfaces were subjected to a thorough physico-chemical characterization and in vitro biocompatibility testing 
using human endothelial cells and fibroblasts.  

To better mimic the physiological conditions and recreate the dynamic release mechanisms that exist in 
vivo in a coronary artery, in our second project we studied the behavior of the previously developed zein-
based coating in contact with flowing liquids. In particular, we designed versatile microfluidic platforms, able 
to mimic the microenvironment of a severely or partially obstructed coronary DES. Experiments were 
performed to monitor the degradation behavior and drug release from the coated microfluidic channels in 
contact with two blood-simulated fluids (recapitulating the blood either in terms of viscosity or chemical 
composition). Proof-of-concept tests with whole blood samples confirmed the hemocompatibility of our 
zein-based coating for DESs. In particular, platelet adhesion and activation were studied under static and flow 
conditions, confirming the benefits of using such natural-derived coatings compared to a series of reference 
surfaces. 

 Our findings confirm that the proposed plant-based coatings fulfill the key requirements for successful 
DESs. Therefore, we consider these studies as an important contribution toward a better understanding of 
polymer degradation, drug release, and hemocompatibility under static and dynamic conditions, which are 
critical for developing more efficient and optimized local drug delivery systems featuring naturally-derived 
polymers. 
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Figure 5. Schematic illustration of the set-up and the results obtained from our microfluidic system. The rutin-loaded zein solution was sprayed 
on the glass chambers, the chip was then assembled and connected with a pump. Simulated blood fluids and real whole blood were flown into 
the device in order to study drug release, coating degradation kinetics and the hemocompatibility of the proposed drug-eluting coating for 
DESs.  
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Bioactive peptides are emerging as a class of therapeutics due to their characteristics that cannot be imitated 
by common drugs, and that make them suitable to be used to treat symptoms associated with many diseases 
such as cancer, hereditary angioedema, etc. Peptides are synthesized by means of various methods: solid-
phase peptide synthesis (SPPS), liquid-phase peptide synthesis (LPPS), semi-continuous/continuous peptide 
synthesis, chemo-enzymatic peptide synthesis (CEPS), mechano-chemical peptide synthesis and recombinant 
strategies [1-2]. Although all these techniques aim to achieve the formation of the API (active pharmaceutical 
ingredient), they lead to the formation of impurities that very often have a similar structure and molecular 
characteristics to the required product. Precisely because of their therapeutic purpose, they must respect 
high purity standards and require purification steps (downstream). The most widely used technique for the 
purification of pharmaceutical peptides is preparative liquid chromatography, in particular in reversed-phase 
conditions (RPLC). However, this technique requires the use of an organic modifier, which is contained in the 
mobile phase, usually consisting of a mixture of water and an organic solvent and promotes the elution of 
the analytes. Acetonitrile (ACN) has always been the preferred organic modifier due to its excellent 
characteristics (complete miscibility with water, low viscosity, excellent elution strength and UV 
transparency) [1-3]. However, this solvent is very toxic to the environment and human health; therefore, 
nowadays, one of the main goals of researchers is to reduce the consumption of this solvent and to replace 
it with more environmentally friendly ones. In recent years, research has focused on the use of methods and 
technologies in line with the 12 principles of green chemistry [1,3]. The aim of this work is to demonstrate the 
possibility of isolating biomolecules while respecting the principles of green chemistry. To this end, a peptide 
of therapeutic interest was purified using several alternative organic modifiers to ACN. The results showed 
that some of the solvents tested may be a promising alternative to achieve good separation and purification 
performance.   
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Zebrafish is an in vivo model used in toxicology to estimate the effects of xenobiotics and their teratogenic 
consequences; this animal model presents several advantageous features as high fecundity, rapid embryonic 
development (24 h) and external fertilization [1]. The knowledge of the oxysterols profile in zebrafish, during 
early embryonic stages, provides important information on the role and biological function of these 
molecules. The lipidomic analyses in zebrafish early-life stages could represent a reliable tool for studying the 
global lipid profile during embryos development, but the knowledge about the sterols derivatives in the 
context of embryogenesis of these vertebrates remains limited [2]. An investigation focused on the profile 
of the oxysterols, during the early embryonic stages of the zebrafish, should provide information on the 
amount, roles and biological functions of these molecules. These compounds can be generated either via 
autoxidation, enzymatically, mainly by the cytochrome P450 (CYP450) family, or via both pathways in 
synergy; moreover, different oxysterols have been investigated in zebrafish as liver X receptor (LXR) 
activators of the liver and regulators in the metabolism of carbohydrates and lipids and the cytotoxic effects 
of 25-hydroxycholesterol on nervous system cells in zebrafish larvae was demonstrated [3]. 
To date, there are no studies aimed to link xenobiotics exposure to oxysterols perturbation, neither in vivo 
nor in vitro. The aim of this work was the study of oxysterols fingerprinting, to understand the capability of 
this oxidation pathway as tool to understand the metabolic pathway modification during embryos 
development by means of LC-MS/MS [4]; furthermore, the investigation of xenobiotic compounds was 
performed in order to estimate the capability of this compounds as marker of CYP450 efficiency. The results 
showed the modification of oxysterols fingerprinting during different development stage of embryos, like 
the increasing of 27-hydroxycholesterols in correlation with the organogenesis, and some modification of 
cholesterols oxidated compounds in correlation with exposure to xenobiotics [5]. 
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Neurodegenerative diseases (NDs) induce a progressive loss of function and degeneration of neurons which 
ultimately leads to death; there is currently no cure for NDs and the available treatments are only palliative 
[1]. Oxidative stress plays a key role in the development of NDs. In this context, the use of cerium oxide 
nanoparticles has gained increasing attention due to their ability to scavenge reactive oxygen species (ROS) 
by mimicking the activity of endogenous enzymes such as catalase and super oxide dismutase [2].  
Furthermore, drug delivery to the central nervous system is highly challenging due to the need to overcome 
the blood-brain-barrier. Recent approaches exploit nanoscale entities (i.e., nanoparticles) able to encapsulate 
the drug and to accumulate in the brain. We have recently developed lipid self-assembling nanoparticles 
(SANP) with a calcium phosphate core enclosed by a lipid shell able to deliver RNA to the brain [3]. 

Here, we combined the unique ROS scavenging properties of cerium oxide with the SANP technology 
developed in our group for the treatment of NDs. We characterized the formulations in terms of colloidal 
dimension, surface charge, and stability against aggregation by photo-correlation spectroscopy. We then 
tested their ability to scavenge ROS in PC12-derived neurons and primary cortical neurons in two models of 
chemical hypoxia and re-oxygenation and oxygen and glucose deprivation followed by reoxygenation which 
mimic ischemia. The inorganic nanoparticles (cerium-CaP) used as the core material for the formulation of 
cerium-SANP exhibited hydrodynamic diameters below 200 nm and low polydispersity, as well as good 
colloidal stability in water over 21 days. We then assessed the possibility to form cerium-SANP by mixing Ce 
NP with cationic liposomes; cerium-SANP exhibited hydrodynamic diameters below 200 nm, low 
polydispersity, and a negative zeta potential. Both cerium-CaP and cerium-doped SANP were shown to have 
peroxidase- and superoxide dismutase-like activity. Upon incubation with neuronal cells in ischemia-
mimicking conditions, cerium-SANP were able to improve the cellular viability for both cell lines in a dose-
effect manner. These cells exhibited the same viability of the control, which makes cerium-SANP well-suited 
for the treatment of the oxidative stress associated to NDs.   

In this work, we developed “bioactive” SANP with anti-oxidant properties which were able to protect 
neuronal cells from oxidative stress mimicking an ischemic stroke. Future work will entail loading the cerium-
SANP with drugs commonly used for the treatment of NDs and evaluating the efficacy of multi-modal therapy 
in vitro and in vivo.  
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The existence of an electronic coupling between electrogenic cells and electronic supports is the bases of 
any tailored system employed to study biology-driven phenomena. During real-time monitoring of 
electrophysiological signals (action potentials, APs), the communication typically occurs at the cell (neurons 
or cardiomyocytes)/transducer interface, whose optimization is fundamental to make the investigation of 
neurodegenerative and cardiac diseases effective. In the last 20 years, organic materials have been largely 
used for the fabrication of bioelectronic devices thanks to their biocompatibility, easy processability, 
tunability of physical properties, stimuli-responsiveness and high conformability [1]. 
Organic electrochemical transistors (OECTs) using Poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate) 
PEDOT:PSS as active material, present features that make them perfectly suitable for the record of 
electrophysiological potentials: i) the biocompatibility, ii) the flexibility, and iii) the double ionic/electronic 
conductivity of the polymer. The cell/transducer interface is, in this case, represented by the active material 
that interfaces the biological system and dictates the transduction of the ionic transmembrane flows (able 
to dope/de-dope the polymer) into an electrical readout [2]. Moreover, iv) the high source-drain current levels 
and v) the large transconductance values that characterized this type of devices, allow to keep low operating 
voltages and reduced heat generation, necessary for the system durability in aqueous biological environment 
[3]. Being a non-invasive measurement it increases the vitality of the cells, allowing multiple and long-duration 
recordings, fundamental for chronic studies. 
In this work, we report in vitro recordings of APs of human induced pluripotent stem cell-derived 
cardiomyocytes (hiPSC-CMs) by using planar OECTs based on spin-coated PEDOT:PSS channel.  hiPSCs-CMs 
were cultured directly on the polymeric surface. Extracellular potential recordings were obtained by simply 
turning on the transistors at their maximum transconductance and following the variation of both the drain-
source and the gate-source currents. Extracellular signals present a typical and predominant negative phase 
(with amplitude around 0.3 mV) and an expected short duration of around 20 ms [2],[4]. Intracellular signals 
were recording adopting a cell optoporation protocol (large pulse, low current intensity) that enabled the 
measurement without stimulating the cells [5]. Amplitudes in the range of 3-4 mV were recorded, which is 
comparable to performance obtained with similar devices that use electroporation [3]. Drug screening tests 
are performed to assess the ability of the devices to detect cardiotoxic effects; live/dead assay and 
immunofluorescence imaging to evaluate their biocompatibility. In future, additional electronics and 
biosensing elements could be complemented on the same device paving the way to multifunctional, reliable, 
and low-cost biosensors. 
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Cardiac natriuretic peptides (NPs), i.e., ANP, BNP, and CNP, are hormones initially synthesized from 
cardiomyocytes, as prohormones. Once they are released from the heart, prohormones are split into two 
fragments: a longer N-terminal fragment (NT-proBNP and NT-proANP) and a shorter C-terminal fragment 
(BNP and ANP) [1]. In pathological conditions as heart failure (HF), heart induces the stretching of myocytes 
due to pressure overload, leading to the release of NPs in blood. Thus, NPs plasma levels increase 
progressively with the severity of HF and represent the main biomarkers for prognosis and diagnosis of HF 
[2]. NPs are normally determined in blood using commercial immunoassay kits [3]. This approach is affected 
by cross-reactions due to the presence of several NP forms showing homologous structures [3], as those with 
oxidized methionine [4]. In this work we developed a reliable and innovative analytical workflow based on 
targeted top-down proteomics and UHPLC-MS/MS analysis for the determination of NPs in saliva and plasma 
samples. Peptides’ ionization efficiency was improved by the addition of a supercharger agent into mobile 
phases, which allowed to enhance up to 10-times the sensitivity of the method, depending on the analyte. In 
the optimized conditions, the instrumental detection limits were in the range 10-1000 pg/mL. Particular 
attention was paid to the evaluation of analyte stability in standard solutions as well as in biological 
specimens. NPs were found to be stabilized at 4°C in aqueous solutions by the presence of both human serum 
albumin, as displacement agent, and methionine as oxygen scavenger up to 24h. Ultrafiltration, fractional 
protein precipitation, and micro-extraction by packed sorbent (MEPS) were tested as sample treatment 
procedures. The optimized analytical protocol was employed for the monitoring of patients suffering from 
HF. 
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Neurodegenerative disorders, as Alzheimer's disease, are age-related processes characterized by deposition 
of misfolded neuroproteins, metal dyshomeostasis and oxidative stress.1 Herein, we aim at presenting an 
overview of the metal interaction (with particular interest on copper ion and heme group) with β-amyloid 
(Aβ) peptides and, only marginally, with prion (PrP) and α-synuclein (αSyn) fragments.2  
The oxidative mechanistic studies on Cu-Aβ complexes performed with UV-vis, CD, NMR, EPR and HPLC-MS 
techniques show the participation in the metal redox cycling of a specific catalytically-competent 
intermediate, which works as the rate-determining species.3 Structural and catalytic data suggest the 
existence of CuI-transient species in which cuprous ions are stabilized in a pseudo-linear geometry provided 
by two His with the additional coordination of one substrate molecule (i.e. catecholamine)4 required for 
oxygenation/re-oxidation of the intermediate. The participation of several oxidative species (as HO•, O2

•- and 
H2O2) has also been identified in the catalytic oxidative mechanism.3 Additionally, the nature of Cu binding 
has been assayed in N-terminally truncated Aβ peptide (4-x), which is one of the dominant species identified 
in AD’ and Down syndrome’ tissues.5 Although the peculiar NH2-X-Y-His motif (known as ATCUN site) in N-
truncated fragments provides high stabilization of CuII-binding,6 we have studied the redox ability of the 
metal complex in the presence of catecholic substrates.7 The data suggest the participation of a ternary CuII-
Catechol-Aβ4-x system for the reduction of CuII ions trapped in the ATCUN geometry. The results confirm the 
existence of an independent secondary Cu binding site in Aβ4-x sequences, in which the metal is partially redox 
unreactive.7 To asses how the association of metal-protein complexes with neuromembranes may affect Cu 
redox chemistry,8 the studies have been extended to membrane-model systems, such as micellar sodium 
dodecyl sulfate (SDS). From the analysis of the redox behaviors of Cu-Aβ, Cu-PrP and Cu-αSyn complexes, we 
have assessed that the presence of conserved -M(X)nM- motifs in PrP and αSyn results in the generation of 
micelle-trapped CuI species, partially/totally unreactive to dioxygen.9 Cu-Aβ complexes, not totally 
internalized in micelle, preserve substrate accessibility to the “catalytic site”.9i In addition to the alteration in 
copper metabolism, we have considered the effects of dysfunctional ferric heme pathways and of the 
enhanced peroxidase activity of heme bound to Aβ peptides.10 We have identified the catalytic intermediates 
in the peroxidase-like reaction mechanism and we have proposed a dynamic equilibrium between high-spin 
five-coordinate hemin-Aβ and low-spin six-coordinate hemin-Aβ2 species.11 These studies set the stage for 
better understanding the role of dysregulated metal ions bound to neuroproteins in relationship to the 
progression of neurodegenerative disorders.  
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Ferulic acid (fer) is a hydroxycinnamic acid characterized by antioxidant and antinflammatory properties, 
useful to prevent or treat neurodegenerative disorders [1]. Fer has shown a high oral bioavailability [2] and a 
tendency to permeate into the central nervous system (CNS) from the bloodstream; nonetheless, since fer 
demonstrated to have a high renal excretion rate, neither the intravenous nor the oral administration allows 
to reach or maintain therapeutic concentrations [3].  
Prodrugs of fer can be useful to modulate its pharmacokinetic profile and improve its encapsulation in 
delivery systems. OH-fer-fer-Me has been synthesized as a methylated homodimer of fer through an ester 
conjugation and methylation of its carboxylic moiety. We have evaluated the behavior of OH-fer-fer-Me as a 
prodrug, by studying in vitro its hydrolysis and release of fer in physiologic fluids (rat whole blood and liver 
homogenate or brain homogenate) via HPLC-UV, by quantifying fer and all its other potential hydrolysis 
products, i.e. OH-fer-fer-OH (homodimer with a non-methylated carboxylic group) and OH-fer-Me (methyl 
ferulate) (Fig. 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Hydrolysis scheme of OH-fer-fer-Me to give fer, OH-fer-fer-OH and OH-fer-Me. The hydrolysis in A releases fer and OH-
fer-Me, which can be further hydrolyzed in C to give fer. Alternatively, OH-fer-fer-Me can be hydrolyzed in B to obtain OH-fer-
fer-OH, which can release fer itself via D. 

 

OH-fer-fer-Me and its products showed different behaviors in terms of selectivity of hydrolysis when 
incubated in the fluids. The hydrolysis of OH-fer-fer-Me was preferentially catalyzed at the ester conjugation 
in all fluids; the presence of its methyl group was important to induce this process. OH-fer-fer-OH, without 



 

the methyl group, showed delayed hydrolysis.  
OH-fer-fer-Me was hydrolyzed at the methyl-ester level in whole blood and brain, but not liver homogenate, 
even if slowly if compared to the hydrolysis of ester conjugation. OH-fer-Me was hydrolyzed in rat blood and 
liver, but not in brain homogenate, with a similar or lower speed ratio, respectively, compared to OH-fer-fer-
OH.  
OH-fer-fer-Me was demonstrated able to induce antioxidant effects similar to those of fer (DPPH· inhibition 
test). 
OH-fer-fer-Me and fer were encapsulated into solid lipid microparticles (SLMs) through the fusion-emulsion 
method; tristearin or stearic acid, known for their elevated biocompatibility and biodegradability, were 
chosen as lipid matrixes. Electronic microscopy showed aggregated and irregular structures of about 20 µm 
of diameter. Drug loading and entrapment efficiency data indicated that OH-fer-fer-Me was encapsulated in 
both types of SLMs with higher amounts in comparison to fer. Release studies highlighted the ability of 
stearic acid-based SLMs to sensibly accelerate the very poor dissolution rate of OH-fer-fer-Me in aqueous 
environments, suggesting their suitability for nasal administration to obtain a central targeting of OH-fer-fer-
Me [4], where it can potentially induce antioxidant effects by itself and release fer, increasing its ability as 
neuroprotective agent. Tristearin-based SLMs showed a controlled release of OH-fer-fer-Me suggesting their 
administration in situ to prolong and enhance fer antinflammatory effect. 
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In the toxicological field, a problem of major concern is represented by the so-called New Psychoactive 
Substances (NPS), especially due to the lack of data regarding their pharmaco-toxicological properties, their 
metabolism and the toxicity in humans. The in vivo study still represents the most useful method for these 
purposes, however alternative animal models are being studied to overcome some of their issues (i.e., cost, 
complexity, ethical problems). In the last decade, zebrafish larvae (Danio rerio) have emerged as alterative 
species for its unique properties such as high prolificacy, small size, rapid maturation (1,2). In addition, Danio 
rerio shows approximately 70% of gene homology with human, including genes coding for metabolic 
enzymes. Furthermore, in Europe zebrafish embryos are not considered laboratory animals until the 5th days 
post fertilization, i.e. the independent feeding stage (3).  
In this context, our research project aimed at comparing a well-validated animal model (mice) with zebrafish 
by analyzing biological matrices collected from both animal models, treated with three different synthetic 
opioids - namely fentanyl, 2-furanylfentanyl and ocfentanil - by using a high-resolution mass spectrometry 
instrument i.e., LC-QTOF.  
In zebrafish larvae (ZL), the analysis was conducted after the acute administration of the three compound 
for 24 hours and the doses were respectively 10 μM for fentanyl and 1 μM for 2-furanylfentanyl and ocfentanil, 
according to the different potency of the two fentanyl analogs. In mice, the concentration tested were in the 
range 0-15 mg/kg. ZL extraction (after the acute exposition) was carried out according to Gampfer et al. (4), 
while mice urine was collected in the time interval 0-5 h and diluted 1:1000 in ultrapure water.  
The treatment with fentanyl produced both in ZL and mice phase I and phase II metabolites. The observed 
biotransformations included hydroxylation, N-oxidation and N-dealkylation with the loss of phenethyl 
moiety. Neither in ZL nor in mice urine despropionylfentanyl was detected. 
The current study identified a total of six metabolites of 2-furanylfentanyl: in larvae extracts the main 
metabolites were nor-furanylfentanyl and hydroxy-furanylfentanyl. In contrast with ZL, in mice urine only 
dihydrodiol metabolite and its glucuronide were identified.  
As regards ocfentanil, seven metabolites were detected in the two animal models, resulting from 
hydroxylation or/and demethylation of the parent drug.  
In conclusions, in the present study the described metabolites in zebrafish were correlated to those produced 
in humans, according to previous publications (5,6). On the grounds of the results reported in the present 
study and in agreement with other recent reports (7,8), ZL look excellent candidates as animal models to 
study NPS, and particularly to assess the biological effects, toxicity and the metabolism of these dangerous 
drugs.  
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This work concerns with the development of unconventional oxidative processes applied to different organic 
substrates, such as primary and secondary benzyl alcohols. In particular, the optimized method involves a 
photoelectrochemical approach based on the use of tetrabuylammonium decatungstate (TBADT) [1] in the role 
of photocatalyst. TBADT can activate a given substrate through Hydrogen Atom Transfer (HAT). [2]  This 
mechanism, consists in the direct extraction of a hydrogen atom by the excited photocatalyst through the 
homolytic cleavage of the (aliphatic) C–H bond of the substrate, thus obtaining the corresponding radical. Finally, 
the catalytic cycle is often closed with a back-HAT process to the intermediates formed during the process or 
thanks to an alternative step able to regenerate the initial state of the catalyst, which remains unchanged at the 
end of the reaction. The photoelectrochemical [3,4] approach results from the combination of a homogenous 
photocatalytic process and an electrochemical cell; in our experiments we worked in undivided cell with two 
electrodes (WE and CE: Pt gauze) in a galvanostatic mode at 3mA. This combination has unlocked the possibility 
to perform net-oxidative photocatalytic processes in the absence of a chemical oxidant. In such processes, the 
exhausted photocatalyst is regenerated at the electrode through the use of electricity.  
Moreover in order to better understand the reaction mechanism, two control tests were performed: one under 
standard electrochemical conditions without the substrate and one under purely photochemical conditions. The 
first test showed that the oxidation potential of the investigated substrates occurs at a potential lower than that 
of the reaction medium. On the other hand, the photochemical test shows that the oxidation process doesn’t 
take place without the electrochemical system which allows the photocatalyst regeneration. 
In particular in the photoelectrochemical system applied to alcohols the potential observed at the anode is not 
sufficient to promote the mono-electronic oxidation of the substrates, so the only alternative is that excited 
state of TBADT extracts a hydrogen atom via HAT to form a benzyl radical species, while the reduced species of 
the photocatalyst is regenerated by oxidation at the anode (see Figure 1). The thus generated radicals present a 
negative oxidation potential, thus a mono-electronic oxidation process takes place at the anode to form the 
corresponding (protonated) carbonyl compound, followed by a possible over oxidation process for primary 
alcohols.  
In conclusion is important underline that this photoelectrochemical approach improved the process in terms of 
atom economy, avoiding waste of reagents, formation of by-products and simplifying the purification process, 
ultimately representing a very interesting green alternative to the usual photoredox methods. 
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Figure 1. Photoelectrochemical mechanism for alcohols oxidation 
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DNA and RNA aptamers are small oligonucleotides that bind their targets, such as small molecules, proteins, and 
nucleic acids with remarkable affinity and specificity. Many aptamers, with significant biological activities, are 
characterized by G-rich sequences and adopt G-quadruplex structures (G4s) as scaffolds [1]. Their structural 
stability is due to the compact core formed by the stacked G-tetrads (quadrangular planar arrangements of four 
guanosines connected through eight H-bonds), while the external more accessible loop residues are mostly 
involved in the interaction with the target protein. G4-aptamers constitute one of the most investigated classes 
of compounds in therapeutics, for example they have been developed against some crucial proteins involved in 
the HIV life cycle such as the HIV-1 integrase. These include a group of G- and T-containing oligonucleotides 
namely T30923 [2] and T30175 [3]. The T30923 aptamer has also shown antiproliferative/anticancer properties 
[4] against cancer cell lines. Hence, to evaluate also the T30175 antiproliferative potential and the involvement 
of the residues not belonging to the central core of stacked guanosines in the biological activity, we investigated 
the structural and biological properties of five T30175 analogues prepared using a single residue replacement 
approach substituting loop thymidines with an abasic site mimic (S). The collected NMR, CD, and PAGE data 
strongly suggest that all of them adopt G4s strictly similar to the parent aptamer, able to fold into a dimeric 
structure composed of two identical G-quadruplexes, each characterized by parallel strands, three all-anti-G-
tetrads and four one-thymidine loops (one bulge and three propeller loops). The data concerning the nuclease 
stability assay showed that the modification does not significantly affect its resistance to nucleases. 
Furthermore, their antiproliferative (MTT assay) and anti-motility (wound healing assay) properties against Calu-

6 lung and HCT 116
p53−/− 

colorectal cancer cells were tested. Although all the oligodeoxynucleotides investigated 
exhibited anti-proliferative activity, the unmodified T30175 aptamer showed the greatest effect on cell growth, 
suggesting that folding in dimeric form and the presence in the sequence of all thymidines are crucial elements 
for antiproliferative activity. Moreover, unlike the results obtained from the MTT assay, the wound healing ability 
of these cells is completely abolished by treatment with TT-INT-B and INT-BS9, while only partially by treatment 
with other modified quadruplexes. This straightforward approach is suitable for understanding the critical 
requirements of the G4s that affect antiproliferative potential and can be useful to improve anticancer 
properties. 



 

 

Schematic representation of G-quadruplex dimer structure of T30175 and chemical structure of the abasic site mimic (S), introduced in 
positions 2, 5, 9, 13, and 17.  
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Colorectal Cancer is the third most diagnosed cancer in the world and the second deadliest malignancy. 
Projections also indicate that its incidence is increasing by 63% in 2040. [1] 
18-Fluorine is a positron emitting radionuclide used daily to diagnose cancer world-wide. A suitable Targeting 
Vector is required for adequate imaging.  
Curcumin is a natural polyphenol extracted from Curcuma Longa L. Its metal complexes and its derivatives have 
already shown affinity for colorectal cancer cells in vitro. [2] 
 Curcumin showed poor bioavailability and stability, caused by the β-diketo moiety. This moiety was substituted 
with a pyrimidinic ring that should also increase the water solubility and the bioavailability. Also, the molecular 
weight was reduced to further improve these properties.  
An aromatic moiety bearing a Fluorine atom was added to the phenolic group through an aliphatic linker and an 
amidic bond. 
MPY, a short name for our lead compound shown in fig.1, represent a 
derivative of emi-curcumin where the β-diketo moiety is replaced by a 
pyrimidinic ring. It was obtained by reaction (a) shown in reaction scheme 
1 between 4,6-dimethylpyrimidin-2-amine (1) and vanillin (2).  
To design MPY’s structure for diagnostic applications it was necessary to 
insert a Fluorine atom into its molecular structure.  
At first, we were inspired by Cardinale, J. et al. work [3] and we decided 
to exploit the phenol group of MPY to link it with a propylic chain ending 
with a free amine (4). This free amine can be used to generate an amidic bond with the previously radiolabelled 
6-fluoropyridine-3-carboxylic acid (5) with the typical peptide synthesis conditions shown in reaction (d). 
Compound (6) was therefore synthetized and characterized in so-called “cold” conditions, i.e. with natural 
abundance atoms.  
However, we wanted to evaluate alternative radiolabeling strategies to compare times and yields and therefore 
choose the most suitable.  
Compound 8 was synthetized as a similar structure to compound 6 but with a good leaving group, iodine, which 
can be replaced as last step with direct fluorination through a nucleophilic substitution. At the moment, the 
conditions for this last step are still under optimization.  
While the radio-synthetic path for compound 6 seems approachable, the conditions for the second path 
involving the direct nucleophilic substitution are still under evaluation. A better leaving group than Iodine could 
be involved. 

Figure 6 Lead Compound (MPY) 



 

The stability in physiological conditions, as well as the biological behavior of the final products, will be object of 
our future studies. 
 

 
Figure 7  Reaction Scheme 1. (a) CH3COOH/CH3COONH4, 100°C; (b) KI, K2CO3, DMF, 110°C; (c) TFA, DCM, rt; (d) HBTU, DIPEA, DMF, rt; (e) TEA, 

EtOAc. 
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Spectroscopies, such as infrared and Raman, are powerful tools for the investigation of the physical chemical 
properties of molecular systems, providing detailed information related to their structure and dynamics. 
However, experimental spectra are tuned by several intertwined effects, which can make the interpretation of 
experimental data very challenging or even unfeasible without the support of reliable computational models. 
[1,2] Among the possible routes for the inclusion of anharmonic effects in the simulation of the vibrational 
spectra, the vibrational second-order perturbation theory (VPT2) [3-5] offers a good accuracy/cost ratio, giving 
the possibility to study also medium-to-large size systems. Generalization of the method to a flexible perturb-
then-diagonalize (P2D) model (issuing from the so-called generalized (G)VPT2 model) further increases its 
accuracy. 
However, the customary framework of Cartesian-based normal coordinates is not able to describe correctly low-
frequency, highly anharmonic, large amplitude motions (LAMs), due to the truncated polynomial approximation 
of the potential energy. A possible solution to this issue is the separation of the normal modes in order to isolate 
LAMs. With the target of simulating vibrational spectra of small- to medium-sized molecules presenting some 
flexibility soon, the first step is then the choice of a suitable set of internal coordinates, in order to decouple 
LAMs from the other modes as much as possible. In fact, Cartesian-based normal coordinates are ill-suited for 
this purpose. Then, small amplitude motions (SAMs) can be treated at the P2D level, while LAMs can be 
effectively described by low-dimension variational approaches. In order to reach this goal, the development of 
the P2D framework in terms of normal modes built from generalized internal coordinates is the first step. 
Based on the available literature, [6-8] the general expression of the vibrational Hamiltonian in internal 
coordinates has been derived, followed by the derivation of both energies and resonant terms, including the 
calculation of the variational correction required in the P2D method. Interestingly, all quantities of interest (such 
as energies and resonant terms) can be written as generalizations of the corresponding Cartesian-based 
expressions, making the overall implementation far more manageable. The reliability of the new methodology 
will be illustrated through selected test-cases, including systems of biological interest and their building blocks. 
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Nanomaterials have been applied in different fields such as electrochemistry, medicine, and engineering. The 
physical and chemical properties of nanomaterials change depending on their composition, shape, and size, and 
thanks to their tunable characteristics, they are increasingly used to improve the performance of electrochemical 
sensors. In addition, their high surface area allows the easy immobilization of biomolecules such as proteins and 
aptamers; hence, applications based on nanoparticles in biosensor development are growing [1]. Highly sensitive 
nano-biosensors make possible the detection of analytes when they are present in very low concentrations, such 
as food allergens. Gluten is identified as one of the eight major food allergens. Accordingly, the European Union 
took specific action to protect the health of consumers suffering from coeliac disease, defining that the term 
“gluten-free” is allowed in foods with a gluten content of less than 20 mg/kg. In predisposed individuals, the 
intake of gluten causes coeliac disease, which is a chronic condition that involves the immune system and 
compromises the intestinal villi [2]. After ingestion, gluten is partially broken by gastrointestinal enzymes into 
peptides. These peptides are rich in proline and glutamine, and this characteristic makes them resistant to 
proteolysis in the human gut. Some of these peptides can cause an immune-toxic response, which may evolve in 
local tissue damage. These peptides can be found in some fermented foods, such as beer. From an analytical 
point of view, these types of real matrices are difficult to analyze because the target is small compared to the 
non-hydrolyzed protein The label-free assays proposed so far have not been very effective in the determination 
of gluten at low concentrations, a very important factor for the population of people sensitive even to very low 
concentrations of gluten. In this work, we present a rapid platform based on electrochemical impedance 
spectroscopy (EIS) for the quantification of gluten in hydrolyzed matrices. The proposed biosensor uses gold 
nanoparticles (AuNPs) as an anchoring platform and a truncated aptamer with a high affinity for the analyte 
[3,4]. The ability of gold nanoparticles to provide a stable immobilization of biomolecules maintaining their 
bioactivity was exploited. Moreover, the benefits of using a nanostructured gold surface instead of a gold 
surface are an improved electron transfer property and increased surface area for the subsequent modifications. 
A good relationship between the Rct values and PWG-Gliadin concentration was found in the range between 0.1–
1 mg L−1 of gliadin (corresponding to 0.2–2 mg L−1 of gluten) with a limit of detection of 0.05 mg L−1 of gliadin 
(corresponding to 0.1 mg L−1 of gluten) [5]. The label-free assay was also successfully applied for the 
determination of real food samples.	!



 

 

Schematic representation of the aptasensor design. 
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RGDechi peptide has been characterized as potent and selective antagonist of αvβ3 receptors.1,2 It is a 
bifunctional chimeric peptide including a cyclic portion containing the RGD motif, recognized by all integrins, 
covalently linked by a spacer to a linear sequence derived from the C-terminal portion of the echistatin, which 
confers specificity for the β3-subunit.  
Studies on animal models of 18F- and [99mTcN(PNP)]-tagged peptides (PNP=bisphosphinoamine; Fig. 1), confirmed 
the ability of the radiolabeled derivatives to discriminate between αvβ3 and αvβ5 integrins. This evidence 
combined with the already proved antiangiogenic activity of RGDechi strongly supports its potential application 
as a theranostic agent. Nevertheless, the absolute uptake of the tracers in αvβ3 positive tumors is low.3 This 
occurrence might result from in-vivo degradation of the radiolabeled peptide. In vitro studies revealed that 
RGDechi has a low serum stability due to the enzymatic cleavage site located between Pro17 and Ala18. On this 
ground, with the aim of improving the biological stability of the agents and enhancing the bioavailability and 
accumulation at tumor site, two new derivatives have been designed: RGDechi[1-17] and ΨRGDechi (Fig. 1).4 The 
peptides have been refined on the basis of structural studies. They were tagged with the [99mTcN(PNP)]-moiety 
and the in vitro/in vivo stabilities were assessed, and compared with the degradation profile of the native 

RGDechi. 
Data obtained from RP-HPLC-UV/Radio and mass spectrometry analysis 
support the presence of the [Tc(N)PNP]-scaffold bound to one cysteine-N,S 
chelator carrying the peptide in a syn/anti isomeric arrangement. 
Compounds were stable in whole blood and sera, but not in mouse kidney 
homogenate and urine. 
Findings collected on radiolabeled peptides allow the full identification of 
the degradation products obtained from the enzymatic cleavage occurring 
between Asp7¯Asp8 amide bond.  
Our study demonstrated a different metabolic fate of the radiolabeled 
RGDechi compared to the unlabeled peptide probably due to the 
conjugation of the [Tc(N)PNP]-moiety that might hamper the recognition 
of the peptides by the serum enzymes. These achievements provide key 
information useful for the future design of new radiolabeled RGDechi-
based peptides with improved pharmacokinetic profile.  
 



 

Figure 8 - RGDechi conjugates used in our experiments. Schematic drawing of the 99m/99Tc-tagged constructs. 
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The evolution of methicillin- and vancomycin-resistant Staphylococcus aureus (S. aureus) has required the 

development of new antimicrobial agents and new approaches to prevent and overcome drug resistance. 
AntiMicrobial Peptides (AMPs) represent promising alternatives due to their rapid bactericidal activity and their 
broad-spectrum of action against a wide range of microorganisms. The amphibian Temporins constitute a well-
known family of AMPs with high antibacterial properties against Gram-positive and Gram-negative bacteria1.  

Most studies performed so far on Temporin-L (Temp-L) were focused on its membranolytic effects. However, 
recent findings suggested the possible occurrence of specific intracellular targets in the prokaryotic system. 
Functional proteomics studies demonstrated that Temp-L interacts with E. coli FtsZ, a tubulin-like protein 
belonging to the divisome complex inhibiting its enzymatic activity and impairing cell division2. 

In this work, we evaluated the global effect of Temp-L on S. aureus, a Gram-positive pathogen bacterium 
representing one of the world's leading human pathogens. Morphological studies using Transmission Electron 
Microscopy (TEM) revealed the occurrence of several regularly protrusions from the cell surface when the 
bacterium was treated with Temp-L. The formation of the vesicle-like structure was confirmed by spectroscopic 
techniques. DLS experiments highlighted the presence of two different particle populations, one related to the 
size of the bacterium and the second with dimensions comparable to vesicles in the presence of Temp-L.  

The mechanism by which Temp-L affects S. aureus was more deeply investigated at the molecular level by 
differential proteomic experiments, leading to the identification of down-regulated virulence factors and 
proteins involved in cell invasion. Adhesion and invasion assays on eukaryotic cells confirmed a reduced virulence 
of S. aureus following the treatment with Temp-L.  

Proteome analysis also suggested that the bacterium could counter the attack of Temp-L by triggering a 
protective response, since several proteins involved in the synthesis of the cell membrane and fatty acids were 
found up-regulated. This result was validated by GC-MS analysis showing an increased amount of linear chain 
fatty acids in bacterial cells treated with Temp-L.  

 
References 

[1] M.L. Mangoni. Temporins, anti-infective peptides with expanding properties. CMLS. 2006, 63 (9), 1060-
1069. 

[2] A. Di Somma, C. Avitabile, A. Cirillo, A. Moretta, A. Merlino, L. Paduano & A. Duilio. The antimicrobial 
peptide Temporin L impairs E. coli cell division by interacting with FtsZ and the Bam complex. BBA. 2020, 1864 
(7), 129606. 



 

Position 7 
 

Optimization of Pressure-Assisted Microsyringe (PAM) 3D 
printing process for the development of sustainable 

bioadhesive patches 

Carmen Laura Pérez Gutiérrez1,2, Francesco Cottone3, Cinzia Pagano1, Rossella 
Sinisi1, Alessandro di Michele3, César Viséras2 and Luana Perioli1 

1 Department of Pharmaceutical Sciences, University of Perugia, Italy 
2 Department of Pharmacy and Pharmaceutical Technology, University of Granada, Spain 

3 Department of Physics and Geology, University of Perugia, Italy 
carmenlaura.perezgutierrez@studenti.unipg.it 

 

Keywords: 3D printing, PAM, optimization, starch, patches. 

 

3D printing is an additive manufacturing technology based on the principle of layer-by-layer material 
deposition suitable fabricate a desired 3D structure1. Fused Deposition Modeling (FDM) and Pressure-
Assisted Microsyringe (PAM)2 are extrusion-based techniques largely used in pharmaceutical technology3. 
PAM is based on the extrusion of a semisolid (e.g. gels, pastes). The 3D printing by PAM requires the 
selection of the most suitable materials as well as the optimization of the printing process parameters4. 
The objective of this research was to develop 3D printed formulations (patches) by PAM technique based 
on the use of the natural materials corn starch (CS) and β-glucan extract obtained by High Powder 
Ultrasound (HPU) technique5. The gel (composition 10% wt./wt. CS, 1% β-glucan wt./wt., 29% glycerol 
wt./wt.  and 60% water wt./wt.) was prepared and extruded by using the following optimized parameters:  
flow rate at 40%, extruder speed 15 mm/s, nozzle size 0.8 mm. A homogenous, flexible and manageable 
patch was obtained. Evaluation of mechanical properties studies are ongoing.  
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Metaproteomic analysis of aquifer systems provides valuable information on the microbial populations, their 
influence on drinking water quality, and the effect on human health [1]. Proteins are minor components of the 
dissolved organic matter (DOM) in groundwater samples and benefit from dedicated and optimized sample 
preparation to achieve a larger number of identified proteins. For the purpose, an extraction and enrichment 
method by C18 extra-wide pore cartridge was developed, optimized, and applied for the first time to the 
metaproteomic characterization of DOM in groundwater samples. In particular, three elution procedures were 
tested and compared on water spiked with a yeast protein extract to maximize the recovery of proteins from a 
complex matrix. The maximum protein recovery was obtained using two sequential elution buffers, one 
employing a denaturing agent and the other one containing an acidified organic solvent. The optimized 
methodology could be easily extended to the analysis of dissolved proteins in several aquifer systems. A 
comprehensive metaproteomic analysis of the DOM of groundwater was then performed by nano-high 
performance liquid chromatography coupled to high-resolution mass spectrometry. A total of 239 proteins was 
identified; in agreement with the current knowledge on proteins in aquifer systems, most identified sequences 
derived from bacteria, protobacteria, and ciliates [2]. 
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Developing theranostic agents to detect and treat vascular inflammation has a wide range of disease 
applications. Typically, gadolinium-based contrast agents are used, however, iron oxide nanoparticles (IONs) 
offer orders of magnitude improvements in molecular sensitivity. Inflamed blood vessels express P-selectin, and 
fucoidan is a sialyl lewis X mimic, a P-selectin ligand that is essential for leukocyte recruitment during vascular 
inflammation. Here we present work synthesizing iron oxide nanoparticles (IONs) with novel methods and 
describe it’s binding to the targeting agent fucoidan. 
IONs were synthesised by co-precipitation using FeCl3.6H2O and FeCl2.4H2O in oleic acid and aqueously dispersed 
by a two-phase transfer using NOBF4 and carboxymethyldextran. More sustainable analogues of oleic acid from 
recycled material were also explored. Magnetic resonance properties of resulting IONs were acquired at 7T 
(Bruker). Aqueously dispersed IONs underwent conjugation to fucoidan, whose regular repeating sulfonated 
group can be identified via energy mapping using TEM (JEOL JEM-2100+). Secondary conjugation to Cy5 allows 
fluorescent microscopy as well as MRI to identify accumulation at desired areas. Thirdly conjugated was 
flurbiprofen, a COX-1/2 inhibitor that results in a decrease in the production of prostaglandins responsible for the 
continuation of the inflammatory cascade. 
IONs of differing core sizes (5 – 20 nm) and hydrodynamic diameter (16 – 80 nm) were synthesized to allow for 
selection of a T1- or T2-weighted relaxation properties with similar relaxivity values to US FDA approved MRI  
contrast agents. Use of sustainable, recycled analogues of oleic acid as initial capping ligands during 
nanoparticles synthesis showed excellent agreement in particle size and properties in comparison to pure, 
commercial oleic acid. Capping of the particles with carboxymethyl dextran formed stable, water soluble 
particles. Conjugation was successfully performed to allow fluorescence imaging (Cy5), P-selectin targeting 
(fucoidan), and anti-inflammatory therapeutics (flurbiprofen). Here we present our progress in the 
characterisation and application of these multimodal theranostic particles towards imaging and treatment with 
in vitro models of vascular inflammation.  Significant efforts have been made towards producing an ION capable 
of targeted imaging of vascular inflammation. The modular nature allows for various components to be 
substituted as required, including allowing for the delivery of therapeutic agents , for example flurbiprofen or 
nitric oxide inhibitors. Current work is focused on examining the ability of our agent to detect vascular 
inflammation in endothelial cell culture.  
. 



 

 

Figure 1. A schematic of the proposed final theranostic structure and example energy mapping. 
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Medical device implants (MDIs) are extremely common medical interventions that function to improve quality 
of life and patient longevity. Their functionality, however, is limited by host recognition, chiefly in the form of 
foreign body response. This undesirable, often catastrophic immune response leads to chronic inflammation, 
immune cell infiltration and fibrogenesis in tissue surrounding the MDI. This negative inflammatory response 
ultimately results to device failure, leading to increased patient risk and discomfort. Currently, understanding of 
immune response around MDIs is derived from tissue destructive techniques, such as immunohistochemistry. 
These techniques, whilst sensitive, do not provide a full picture of the complex physiological processes as they 
only visualise discrete timepoints. There is a need to develop sensitive, in-vivo methods which can resolve 
immune activity at a molecular level. Macrophages undergo contextual polarisation towards either pro-
inflammatory (M1) or anti-inflammatory (M2) phenotypes, making them useful indicators of local immune state. 
Cell targeted molecular magnetic resonance imaging (MRI) represents one of the most promising approaches 
for visualisation of immune activity in-vivo. To address these key unmet research needs we have developed 
approaches to exploit high-field MRI allowing visualisation of both macrophage phenotypes and local metabolic 
activity. We used THP1 cells as a model of macrophage polarisation, allowing for facile fabrication of M0, M1 and 
M2 macrophages. Our initial aim is to visualise macrophages through labelling their phenotype specific cell 
surface markers.  Our modular proof of concept approach utilises a streptavidin-biotin linkage between 
monoclonal antibodies selective for macrophage surface markers and MR active superparamagnetic iron oxide 
nanoparticle (SPION) contrast agents. This approach allows for delineation of desired subpopulations of THP1 
cells at 7 T. Beyond this initial objective, we also aim to visualise the metabolic niche of macrophage 
subpopulations using deuterium-MRI. Labelling of cells with deuterium enriched supplements allows for 
identification of phenotype specific metabolic fingerprints using 2H-MRS. Combined, these two approaches for 
targeted imaging of macrophages will allow for rapid, non-tissue destructive assessment of immune state in real 
time. Beyond these initial results, the development of targeted MRI in vivo will help inform design of medical 
device implants and aid decisions of appropriate, biocompatible coating choice for implants.  
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Figure 1: Biotin-Streptavidin system for labelling 
phenotype specific surface markers of macrophages. 
Biotinylated antibodies are targeted toward macrophage 
surface markers, providing a specific and selective 
anchorage for streptavidin-modified iron-oxide 
nanoparticles.  (Drawn using Biorender.com)  
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Therapeutic peptides are a new class of pharmaceuticals constituted by a sequence of amino acids which present 
high specificity towards specific molecules or targets. For this reason, they are highly effective even in small 
quantities. Moreover, since many of them are endogenous, they also present less side effects compared with 
traditional drugs [1]. On the industrial level, peptides are usually synthetized by Solid Phase Synthesis. However, 
this kind of approach leads not only to the peptide target, but also to a mixture of other molecules (impurities) 
with similar composition to the main product itself.  
The longer the peptides chain, the greater the number of the steps involved in the synthesis and, therefore, the 
higher the risk of obtaining undesired products caused by secondary reactions. Due to the strict purity 
requirements imposed by the regulatory agencies, these impurities must be removed especially because their 
effects are very often unknown and can interfere with the action of the peptide	[2].  
Another issue that is important to be considered is that these impurities require identification and 
characterization for clinical development, in fact their activity might be responsible of undesirable side effects 
or compromise the peptide’s activity. Nevertheless, this characterization sometimes can be arduous due to the 
little amount of the critical impurity. 
One of the approaches that can be adopted to facilitate the purification of minor impurities is the N-Rich process. 
This technique is based on a twin column system operating in continuous mode where the range of the product 
that must be enriched is accumulated cycle after cycle on the column while the remaining product will be 
discarded or depleted [3]. 
This work will describe the application of this approach to the purification of a critical small impurities from a 
crude industrial mixture of a pharmaceutically relevant peptide. 
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The sodium–calcium exchanger (NCX) is a plasma membrane protein, regulating Ca2+ homeostasis of most cells. 
This antiporter can operate in bidirectional way and relies on the Na+ and Ca2+ gradients across the plasma 
membrane and on the membrane potential. In the last 30 years, the occurrence of [Na+]i and [Ca2+]i  

dyshomeostasis has been reported in several neurodegenerative diseases either at neuronal or glial 
components. Altered expression and activity of NCX isoforms have been also demonstrated in stroke, multiple 
sclerosis, amyotrophic lateral sclerosis, Parkinson’s, and Alzheimer’s diseases. Although the role of each isoform 
is still under examination, a lot of evidence point to the neuroprotective role of NCX3 in most of these disorders. 
In the light of this, we have designed several pharmacomodulation of the 1,4-benzodiazepinic nucleus which was 
highlighted as scaffold liable to enhance or blockade the different NCX isoforms. Here to improve potency and 
selectivity for this target, we have synthesized and characterized novel derivatives of CGP37157, a 1,4-
benzothiazepinone that blocks mitochondrial NCX (mNCX) even with a poor selectivity. Following the SAR, so 
far reported for NCX modulators, the benzothiazepinonic nucleus, variously substituted with EWG groups, has 
been linked in position 1 to a cyclic amine via an acetyl spacer. To investigate the interaction studies and explore 
the possible influence of stereoisomery, we used the 2-
methylpiperidine as racemic mixture and the enantiomerically 
pure form: (R)-2-methylpiperidine and (S)-2-methylpiperidine. 
The compounds, named CGP_1, 2 and 4, as racemic mixtures 
and (R)/(S) enantiomers, have been screened on NCX3 isoform 
activity by a high-throughput screening approach on BHK cells 
singly expressing this isoform. Identification of the newly 
synthesized compounds, enhancing NCX reverse mode or 
inhibiting NCX activity, was done by measuring their ability to 
increase, or decrease, the Na+-free-dependent Ca2+ level above 
the mean of basal value. Additionally, the compounds were 
functionally characterized by patch-clamp electrophysiology 
and Fura-2AM video imaging. In this way, we have identified 
nine pharmacological modulators of NCX3, able to change the 
calcium currents in reverse mode; among them, CGP_1(S) has 
shown the greatest potency to increase the NCX3 activity. All compounds linked with the (S)-2-methylpiperidine 
strongly enhanced the reverse and forward modes of operation of NCX3, instead the enantiomers with (R)-2-
methylpiperidine showed less activity. Moreover, CGP_4(R) has demonstrated a strikingly inhibitor activity, in 
contrast to its (S) enantiomer, confirming the influence of the stereochemistry on the biological activity. 

 
Figure 1. Structure of the novel benzothiazepinonic 
derivatives and HTS efficacy on NCX activity in the 
reverse mode in BHK-NCX3 cells.  



 

Therefore, futures studies will investigate the influence of the stereogenic C-5 center on the pharmacological 
activity.  
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Serotonin (5-HT) is involved in tumor progression in prostate and breast cancer [1]. Preclinical studies have 
shown that prostate carcinoma cell lines PC3 and breast carcinoma cell lines MCF-7 express serotonin receptors 
[2] and the treatment with specific antagonists inhibits cell growth in dose-dependent way [3]. New 
serotoninergic ligands with different nuclei (picolinic, isonicotinic, N’-cyanopicolinamidine and hydroxy-
norbornene) as terminal part of long chain arylpiperazines were designed and synthetized to inhibit tumor cells 
proliferation. All new compounds have been tested for their affinity with 5-HT1A, 5-HT2A and 5-HT2C receptors, and 
for the most promising derivatives it was further evaluated the affinity and selectivity profile for dopaminergic 
(D1, D2) and adrenergic (α1, α2) receptors. Ligands that showed the best profile of affinity and selectivity with 
serotoninergic receptors have been used on MCF-7 cells to define their potential for cell growth inhibition.  MCF-
7 cells express 5-HT2C serotoninergic receptors. For serotoninergic ligands named SER-137, SER-167, SER-198, SER-
142, SER-148, SER-195, SER-196 it was observed that IC50 after 72 hours of treatment was between 10.25 and 126.8 
μM. Subsequently, it was studied the cell cycle of MCF-7 treated with the ligands for 72 hours at corresponding 
to IC50 doses. For all tested compounds, a significant increase of cells in G1 phase and a reduction of cells in S and 
G2/M phase was observed, except for SER-198, that caused an increase of apoptotic potential. 
In conclusion, the new synthesized serotoninergic ligands reduce the breast cancer cells growth. In particular, 
the compound SER-198 showed a very low IC50, suggesting a pro-apoptotic effect.  
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The use of adrenaline in cardiopulmonary resuscitation (CPR) is a long-standing medical procedure, 
recommended by several international guidelines. However, its extremely short plasmatic half-life imposes the 
need for repeated administrations during CPR, leading to dramatic fluctuations in the plasma concentration. A 
high number of injections and total adrenaline dose have been linked with adverse neurological effects in 
patients recovered from cardiac arrest, rising doubts on the appropriateness of the risk/benefit balance of 
adrenaline as an emergency drug [1]. With the aim of reducing the number of injections and stabilize the 
plasmatic concentration of adrenaline, we developed a controlled release formulation based on PEGylated 
liposomes. Adrenaline was loaded in the liposomes with a pH-driven method and the colloidal and chemical 
stability were guaranteed for over 1 year of storage. Liposomal encapsulation allowed to control the release of 
adrenaline in vitro, and to prolong the Tmax following an IV injection in healthy pigs. Results obtained from these 
preliminary tests led to the filing of a patent for the invention of adrenaline liposomes and their use in 
cardiopulmonary emergencies [2,3]. The REVIVE project -funded by the Sardinian Research Council to M. Schlich 
in May 2022- aims at providing a proof-of-concept of the translatability of the liposomal adrenaline technology 
in a real-world scenario. The project will develop a new manufacturing method of liposomal adrenaline based on 
microfluidic mixing, a process that guarantees high reproducibility, minimal waste, and seamless scalability. In 
parallel, pharmacokinetic studies on a larger number of animals will be carried out to substantiate the ability of 
liposomes to release adrenaline in a controlled fashion. Finally, a preclinical study on a porcine model of 
ventricular fibrillation will be conducted to retrieve data on the efficacy and neurological safety of liposomal 
adrenaline. This poster will present the background data, the design of the REVIVE study and preliminary results. 
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In recent years, there has been a continuously growing interest in antioxidants by both customers and 
food industry. The beneficial health effects of antioxidants led to their widespread use in fortified 
functional foods, as dietary supplements and as preservatives [1]. A variety of analytical methods are 
available to evaluate the total antioxidant capacity (TAC) of food extracts and beverages [2]. However, 
most of them are expensive, time-consuming, and require laboratory instrumentation. Therefore, simple, 
cheap, and fast portable sensors for point-of-need measurement of antioxidants in food samples are 
needed.  
Here, we describe a smartphone-based chemosensor for on-site assessment of TAC of aqueous matrices, 
relying on the antioxidant-induced formation of gold nanoparticles. The reaction takes place in ready-to-
use analytical cartridges containing a hydrogel reaction medium preloaded with Au (III) and is monitored 
by using the smartphone’s CMOS camera. An analytical device including an LED-based lighting system was 
developed to ensure uniform and reproducible illumination of the analytical cartridge (Figure 1A). To 
evaluate the assay performance, a reference calibration curve was generated by analysing gallic acid 
standard solutions. The calibration curve (Figure 1B) confirmed the good linear correlation between the 
colour saturation and concentration of gallic acid in the investigated range (up to 500 µM). It also allowed 
estimation of the limit of detection (LOD) of the assay for TAC expressed as gallic acid equivalents, which 
is defined as the gallic acid concentration giving a colour saturation corresponding to that of the blank 
plus three times its standard deviation. The LOD value (30 µM) was in the same order of magnitude of 
that obtained for other paper-based assays [3] and similar to that calculated from our gallic acid 
calibration curves for ORAC (5 µM) and ECL (30 µM).  
The chemosensor permitted rapid TAC measurements of aqueous samples, including teas, herbal 
infusions, beverages, and extra virgin olive oil extracts, providing results that correlated with those of the 
reference methods for TAC assessment, e.g., curves for oxygen radical absorbance capacity (ORAC) 
(5μM) and enhanced chemiluminescence (ECL) (30 μM). 

 



 

 
Figure 9. Analytical device connected to the OnePlus 6 smartphone (A); Assay reference calibration curve obtained by analyzing gallic acid 

standard solutions. Each point is the mean ± SD of three experiments; the signals were not subtracted of the blank S value (B). 
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Chemiluminescence (CL) is a widely used method for detecting hydrogen peroxide (H2O2), due to its high 
sensitivity, ease of use, and low cost. [1]. The most important oxidizing system is HRP-luminol-H2O2 that has 
been used in many CL assays. H2O2 is a key molecule in numerous physiological, industrial, and environmental 
processes. In particular, H2O2 plays an important role in various applications such as medical diagnostics, clinical 
research, and industrial sectors like food processing, paper, textile, pharmaceuticals, as well as cleaning and 
disinfection products [2]. Hydrogen peroxide is a crucial biomarker in monitoring various diseases and disorders 
including diabetes, cancer, Parkinson’s disease, Alzheimer’s disease, cardiovascular and neurodegenerative 
disorders. Moreover, H2O2 is produced in reactions catalyzed by numerous oxidases, such as glucose oxidase, 
alcohol oxidase, cholesterol oxidase, lactate oxidase, and glutamate oxidase [3].  
Hydrogels have gained great interest in the development of biosensors, owing to their high biocompatibility and 
the ability to incorporate foreign substances while preserving a benign environment for the biosensing events.  
The 3D porous structure of hydrogels increases the surface area of the material, allowing the loading of large 
amounts of recognition elements (ranging from small molecules to proteins and even cells), better accessibility 
and a more biological environment provided by the flexible and highly water swellable nature of hydrogels. The 
guaranteed preservation of the native structure of biomolecules is a crucial requirement for feasibility, 
specificity, and sensitivity in biosensing applications [4]. 
A chemiluminescence (CL) hydrogel was prepared by simultaneous incorporation of a chemiluminescence 
reagent (luminol) and catalytic cofactor (hemin) into the scaffold of a guanosine-derived hydrogel. The self-
assembled hydrogel consisted of K+ stabilized hemin/G-quadruplex structures, showing significant DNAzyme-like 
peroxidase activity to H2O2-mediated oxidation of luminol (Fig 1A) [5]. After adding H2O2 into the hydrogel, the 
CL light signal is generated and lasts for several minutes. The lasting-time CL emission of hydrogel was achieved 
due to a mechanism of slow-diffusion-controlled heterogeneous catalysis. Under optimal conditions, the CL 
increases linearly from 0.05 mM to 1 mM for H2O2, with a limit of detection (LOD) of 0.03 mM (Fig 1B). 



 

 

Figure 10. Scheme of supramolecular self-assembly of guanosines in the presence of hemin and luminol (A); H2O2 calibration curve (B). 
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FDA (Food and Drug Administration) approved drugs for human use and investigational molecules were 
evaluated as potential inhibitors of the Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). In 
particular, we focused our attention on SARS-CoV-2 helicase (NSP13) due to its ability to catalyze the unwinding 
of double-stranded DNA or RNA in a 5′ to 3′ direction and to act in concert with the replication-transcription 
complex (NSP7/NSP8/NSP12)[1]. In this work, we performed a detailed conservation analysis of SARS-CoV-2 
helicase and we applied computational and bioinformatics tools in order to predict the enzyme binding pockets 
adopted for an in silico drug repurposing approach. After the identification of 4 SARS-CoV-2 binding pockets, a 
structure-based virtual screening was performed with the aim to find promising compounds with a multi-site 
profile. According to their G-score ranking, we chose 15 shared compounds able to recognize 3 out of 4 sites. 
Finally, by visual inspection and based on their commercial availability, we purchased 6 promising compounds to 
test their enzymatic activity. Among them, two investigational compounds were found able to inhibit the 
enzymatic activity in a micromolar range. 
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Bisphenol A (BPA) is a phenolic plasticizer used in the manufacture of many plastic items [1]. The adverse effects 
caused by BPA on ecosystem stability and human health have been widely demonstrated; BPA is involved in 
diseases affecting the male and female reproductive systems, metabolic disorders, cancer, immune system 
alterations, developmental and mental disorders, and microbiota alterations [2]. Environmental contamination 
of BPA occurs during the processing stages of polymers used in the production of food contact materials and 
items. To comply with the BPA ban, the industry is currently identifying chemical analogs as possible alternatives 
to replace BPA in various applications. These include Bisphenol F (BPF), Bisphenol B (BPB) and Bisphenol S (BPS). 
However, recent literature has highlighted the risks associated with exposure to BPA substitutes, which share 
structural similarities and exhibit comparable physicochemical and toxicological profiles [3]. 
Two surveys were conducted to monitor the intake of BPA, BPB, BPF and BPS in the Italian population through 
the consumption of canned legumes and vegetable beverages.  
Twenty-three samples of canned legumes and thirty-four samples of vegetable beverages from popular brands 
marketed in Italy were analyzed. 
Different analytical procedures were developed for each food matrix. Canned legumes were homogenized, 
freeze-dried and finally subjected to solid-liquid extraction of the analytes. Vegetable beverage samples were 
first treated with methanol and then centrifuged.  The supernatant was loaded onto a Strata-X PRO cartridge to 
extract the analytes of interest. After samples preparation, quantitative analysis by ultra-high-pressure-liquid-
chromatography coupled with triple quadrupole tandem mass spectrometry with an ESI source was performed.  
 Regarding canned legumes, BPA was found in 91 % of the samples in the range of 1.51 - 21.22 ng mL-1, while BPB, 
BPS and BPF were not detected in any samples. Concerning vegetable beverages, BPA was found in 30 % of the 
samples in the range of 1 - 18.70 ng mL-1, while BPB was found in 3 % of the samples at the concentration of 5.17 
ng mL-1. The risk assessment for both food matrices was carried out using the Rapid Assessment of Contaminant 
Exposure (RACE) tool promoted by the European Food Safety Authority (EFSA). The results of this assessment 
showed that there was no risk for all population groups, considered in RACE, when the current TDI of 4 ng kg-1 
body weight per day-1 was used as the toxicological reference point.  In contrast, using the new TDI of 0.04 ng 
kg-1 body weight per day-1, recommended by EFSA in December 2021, the existing risk was found to be real for all 
population groups. 
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Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is a highly contagious human coronavirus that 
attacks the respiratory system, and its rapid spread throughout the world has triggered the pandemic of the 
coronavirus disease in 2019 (COVID19). Recent research suggests that antibiotic use increased unjustifiably 
during the COVID-19 pandemic. As a result, there has been a rise in the number of Hospital-Acquired Infections 
(HAIs) caused by Multidrug-Resistant Organisms (MDROs). Some examples of the most common MDROs 
include: Carbapenem Resistant Pseudomonas Aeruginosa (CRPA), Carbapenem Resistant Enterobacteriaceae 
(CRE), Carbapenem Resistant Acinetobacter Baumannii (CRAB), Methicillin Resistant Staphylococcus Aureus 
(MRSA), and Vancomycin Resistant Enterococcus (VRE). 
Significant modifications to the healthcare system are required to manage the virus's spread and reduce 
unforeseen outcomes. It is probable that increased attention to basic infection prevention methods can have a 
positive impact on HAI rates, particularly the spread of MDROs. Prior to the pandemic, studies revealed 
that prevention practices might reduce HAIs up to 55 percent. The necessity of prevention, just like with MDRO 
infections, is considered to be the primary method of annihilation of COVID-19. Increases in HAIs, such as MRSA, 
were recorded during the 2003 Severe Acute Respiratory Syndrome (SARS) outbreak. It was predicted that 
device-related infections (DRIs) would rise as the complexity of hospitalized patients increased and safety steps 
were introduced to limit COVID-19 transmission risk to Health-care workers (HCWs). 
Blood-stream infections (BSIs) linked to central lines, such as central line associated blood-stream infections 
(CLABSIs), pneumonia associated with mechanical ventilation (ventilation-associated pneumonia, VAP) and 
linked to respiratory system infections (RSIs), and urinary tract infections (UTIs) linked to urinary catheters 
(catheter-associated urinary tract infections, CAUTIs), can occur 48 hours after the device is inserted. Surgical 
site infections (SSI) are also documented 48h after the patient’s admission to the ICU. Therefore, the sites most 
expected to be affected by DRIs are the blood system, the respiratory system infections, the urinary tract and 
surgical sites. 
Current knowledge regarding the toxicological impact of COVID-19 on HAIs is inconclusive. While studies have 
been conducted for each subject individually, there have been no conclusive reports on whether the measures 
taken against the spread of COVID-19 are exclusively positive or negative. A combination of the two cannot be 
ruled out, but as in most occurrences, one usually outweighs the other. The present pandemic gives an 
opportunity to investigate the influence of COVID-19 on HAIs and evaluate the effectiveness of multimodal 
Infection Prevention and Control (IPC) bundles when used at scale. The objective of this literature review is to 
determine the toxicological impact of COVID-19 on the HAIs and to identify the effective preventive measures 
against different types of HAIs. More specifically, changes in MDRO and DRI rates, changes in infection sites, and 
changes in interventions will be reported. To the best of our knowledge, this is the first literature review to 
compare and correlate these four parameters. Understanding whether and how COVID-19 affected HAIs rates is 
critical for directing resources, policies, and practices during the COVID-19 response's future stages.  



 

To conduct this literature review, databases like PubMed, Medline, CINAHL, ESBCO, Science Direct and the 
American Journal of Infection Control were used to find articles regarding COVID-19 and its toxicological 
impact on HAIs. The articles that were ultimately chosen were primary data sources only. 
Contrary to the initial hypothesis, the results of this review show that the toxicological impact of COVID-19 
on HAIs is still not completely understood. Despite implementation of different prevention measures put in 
place to limit the spread of COVID-19, results are still conflicted. While some studies have had success in 
reporting decrease in MDROs and DRIs  post-pandemic, others have reported that despite all efforts, rates 
keep increasing. This could be attributed to protocol violations, a result of increased workload, inability to 
maintain basic preventive measures, lack of PPE, or lack of availability of health-care workers. Another factor 
that could explain the increase in numbers is the vulnerability of patients that were hospitalized during the 
pandemic. 
The data collected from the correlation of IPC practices to the prevalence of HAIs, could be utilized in many 
ways. A better understanding on this subject encourages the prompt re-instating of antibiotic stewardship 
programs to further reduce antibiotic resistance. Moreover, this data could be used to identify the best 
prevention methods against each pathogen responsible for HAIs, and utilize that knowledge to create better 
IPC programs. Further research is required to better understand how HAIs are affected by interventions 
implemented during the pandemic. 
 
References 
[1] Alsuhaibani, M., Kobayashi, T., McPherson, C., Holley, S., Marra, A.R., Trannel, A., Dains, A., Abosi, O.J., Jenn, K.E., Meacham, H., 
Sheeler, L., Etienne, W., Kukla, M.E., Wellington, M., Edmond, M.B., Diekema, D.J. and Salinas, J.L. (2022). Impact of COVID-19 on an 
infection prevention and control program, Iowa 2020-2021. American Journal of Infection Control. [online] doi:10.1016/jajic.2021.11.015. 
[2] Anguraj, S., Ketan, P., Sivaradjy, M., Shanmugam, L., Jamir, I., Cherian, A. and Sastry, A.S. (2021). The effect of hand hygiene audit in 
COVID intensive care units in a tertiary care hospital in South India. American Journal of Infection Control, [online] 49(10), pp.1247–1251. 
doi:10.1016/jajic.2021.07.008. 
[3] Baccolini, V., Migliara, G., Isonne, C., Dorelli, B., Barone, L.C., Giannini, D., Marotta, D., Marte, M., Mazzalai, E., Alessandri, F., Pugliese, 
F., Ceccarelli, G., De Vito, C., Marzuillo, C., De Giusti, M. and Villari, P. (2021). The impact of the COVID-19 pandemic on healthcare-
associated infections in intensive care unit patients: a retrospective cohort study. Antimicrobial Resistance & Infection Control, 10(1). 
doi:10.1186/s13756-021-00959-y. 
[4] Baker, M.A., Sands, K.E., Huang, S.S., Kleinman, K., Septimus, E.J., Varma, N., Blanchard, J., Poland, R.E., Coady, M.H., Yokoe, D.S., 
Fraker, S., Froman, A., Moody, J., Goldin, L., Isaacs, A., Kleja, K., Korwek, K.M., Stelling, J., Clark, A. and Platt, R. (2021). The Impact of 
COVID-19 on Healthcare-Associated Infections. Clinical Infectious Diseases. doi:10.1093/cid/ciab688. 
[5] Baskaran, V., Lawrence, H., Lansbury, L.E., Webb, K., Safavi, S., Zainuddin, N.I., Huq, T., Eggleston, C., Ellis, J., Thakker, C., Charles, B., 
Boyd, S., Williams, T., Phillips, C., Redmore, E., Platt, S., Hamilton, E., Barr, A., Venyo, L. and Wilson, P. (2021). Co-infection in critically ill 
patients with COVID-19: an observational cohort study from England. Journal of Medical Microbiology, 70(4). doi:10.1099/jmm.0.001350. 
[6] Bentivegna, E., Luciani, M., Arcari, L., Santino, I., Simmaco, M. and Martelletti, P. (2021). Reduction of Multidrug-Resistant (MDR) 
Bacterial Infections during the COVID-19 Pandemic: A Retrospective Study. International Journal of Environmental Research and Public 
Health, 18(3), p.1003. doi:10.3390/ijerph18031003. 
[7] Chamieh, A., Zgheib, R., El-Sawalhi, S., Yammine, L., El-Hajj, G., Zmerli, O., Afif, C., Rolain, J.-M. and Azar, E. (2021). Trends of Multidrug-
Resistant Pathogens, Difficult to Treat Bloodstream Infections, and Antimicrobial Consumption at a Tertiary Care Center in Lebanon from 
2015–2020: COVID-19 Aftermath. Antibiotics, [online] 10(8), p.1016. doi:10.3390/antibiotics10081016. 
[8] Chen, C., Zhu, P., Zhang, Y. and Liu, B. (2021). Effect of the ‘Normalized Epidemic Prevention and Control Requirements’ on hospital-
acquired and community-acquired infections in China. BMC Infectious Diseases, 21(1). doi:10.1186/s12879-021-06886-y. 
[9] Cole, J. and Barnard, E. (2020). The impact of the COVID-19 pandemic on healthcare acquired infections with multidrug resistant 
organisms. American Journal of Infection Control, [online] 0(0). doi:10.1016/jajic.2020.09.013. 
[10] Despotovic, A., Milosevic, B., Cirkovic, A., Vujovic, A., Cucanic, K., Cucanic, T. and Stevanovic, G. (2021). The Impact of COVID-19 on 
the Profile of Hospital-Acquired Infections in Adult Intensive Care Units. Antibiotics, 10(10), p.1146. doi:10.3390/antibiotics10101146. 
[11] Devaraj, C. and Shivadasan, J. (2021). Assessment of hand hygiene compliance amongst health-care workers during COVID-19 
pandemic in intensive care units. Journal of The Academy of Clinical Microbiologists, 23(2), p.59. doi:10.4103/jacmjacm_65_21. 
[12] Fakih, M.G., Bufalino, A., Sturm, L., Huang, R.-H., Ottenbacher, A., Saake, K., Winegar, A., Fogel, R. and Cacchione, J. (2021). COVID-
19 Pandemic, CLABSI, and CAUTI: The Urgent Need to Refocus on Hardwiring Prevention Efforts. Infection Control and Hospital 
Epidemiology, [online] 43(1), pp.1–22. doi:10.1017/ice.2021.70. 
[13] Garcia-Vidal, C., Sanjuan, G., Moreno-García, E., Puerta-Alcalde, P., Garcia-Pouton, N., Chumbita, M., Fernandez-Pittol, M., Pitart, C., 
Inciarte, A., Bodro, M., Morata, L., Ambrosioni, J., Grafia, I., Meira, F., Macaya, I., Cardozo, C., Casals, C., Tellez, A., Castro, P. and Marco, 
F. (2020). Incidence of co-infections and superinfections in hospitalized patients with COVID-19: a retrospective cohort study. Clinical 
Microbiology and Infection. [online] doi:10.1016/jcmi.2020.07.041. 
Ghali, H., Ben Cheikh, A., Bhiri, S., Khefacha, S., Latiri, H.S. and Ben Rejeb, M. (2021). Trends of Healthcare-associated Infections in a 
Tuinisian University Hospital and Impact of COVID-19 Pandemic. INQUIRY: The Journal of Health Care Organization, Provision, and Financing, 
58, p.004695802110679. doi:10.1177/00469580211067930. 
[14] Guisado-Gil, A.B., Infante-Domínguez, C., Peñalva, G., Praena, J., Roca, C., Navarro-Amuedo, M.D., Aguilar-Guisado, M., Espinosa-
Aguilera, N., Poyato-Borrego, M., Romero-Rodríguez, N., Aldabó, T., Salto-Alejandre, S., Ruiz-Pérez de Pipaón, M., Lepe, J.A., Martín-
Gutiérrez, G., Gil-Navarro, M.V., Molina, J., Pachón, J. and Cisneros, J.M. (2020). Impact of the COVID-19 Pandemic on Antimicrobial 



 

Consumption and Hospital-Acquired Candidemia and Multidrug-Resistant Bloodstream Infections. Antibiotics, [online] 9(11). 
doi:10.3390/antibiotics9110816. 
[15] Halverson, T., Mikolajczak, A., Mora, N., Silkaitis, C. and Stout, S. (2022). Impact of COVID-19 on hospital acquired infections. 
American Journal of Infection Control. [online] doi:10.1016/jajic.2022.02.030. 
[16] Lo, S.-H., Lin, C.-Y., Hung, C.-T., He, J.-J. and Lu, P.-L. (2021). The impact of universal face masking and enhanced hand hygiene for 
COVID-19 disease prevention on the incidence of hospital-acquired infections in a Taiwanese hospital. International Journal of Infectious 
Diseases, [online] 104, pp.15–18. doi:10.1016/jijid.2020.12.072. 
[17] Mitra, M., Basu, M., Ghosh, A. and Pal, R. (2021). Prevention of hospital-acquired infections: A construct during Covid-19 pandemic. 
Journal of Family Medicine and Primary Care, 10(9), p.3348. doi:10.4103/jfmpcjfmpc_742_21. 
[18] Monegro, A.F., Muppidi, V. and Regunath, H. (2019). Hospital Acquired Infections. [online] Nih.gov. Available at: 
https://www.ncbi.nlm.nih.gov/books/NBK441857/. 
[19] Ochoa-Hein, E., González-Lara, M.F., Chávez-Ríos, A.R., de-Paz-García, R., Haro-Osnaya, A., González-González, R., Cruz-Juárez, B.S., 
Hernández-Gilsoul, T., Rivero-Sigarroa, E., Ponce-de-León, A., Sifuentes-Osornio, J. and Galindo-Fraga, A. (2021). Surge in Ventilator-
Associated Pneumonias and Bloodstream Infections in an Academic Referral Center Converted to Treat COVID-19 Patients. Revista de 
investigacion Clinica, [online] 73(4). doi:10.24875/ric.21000130. 
[20] Polly, M., de Almeida, B.L., Lennon, R.P., Cortês, M.F., Costa, S.F. and Guimarães, T. (2022). Impact of the COVID-19 pandemic on 
the incidence of multidrug-resistant bacterial infections in an acute care hospital in Brazil. American Journal of Infection Control, [online] 
50(1), pp.32–38. doi:10.1016/jajic.2021.09.018. 
[21] Shbaklo, N., Corcione, S., Vicentini, C., Giordano, S., Fiorentino, D., Bianco, G., Cattel, F., Cavallo, R., Zotti, C.M. and De Rosa, F.G. 
(2022). An Observational Study of MDR Hospital-Acquired Infections and Antibiotic Use during COVID-19 Pandemic: A Call for 
Antimicrobial Stewardship Programs. Antibiotics, [online] 11(5), p.695. doi:10.3390/antibiotics11050695. 
[22] Stewart, S., Robertson, C., Pan, J., Kennedy, S., Dancer, S., Haahr, L., Manoukian, S., Mason, H., Kavanagh, K., Cook, B. and Reilly, 
J. (2021). Epidemiology of healthcare-associated infection reported from a hospital-wide incidence study: considerations for infection 
prevention and control planning. Journal of Hospital Infection, [online] 114, pp.10–22. doi:10.1016/jjhin.2021.03.031. 
[23] Su, C., Zhang, Z., Zhao, X., Peng, H., Hong, Y., Huang, L., Huang, J., Yan, X., Wu, S. and Bai, Z. (2021). Changes in prevalence of 
nosocomial infection pre- and post-COVID-19 pandemic from a tertiary Hospital in China. BMC Infectious Diseases, 21(1). doi:10.1186/s12879-
021-06396-x. 
[24] Tham, N., Fazio, T., Johnson, D., Skandarajah, A. and Hayes, I.P. (2022). Hospital Acquired Infections in Surgical Patients: Impact of 
COVID-19-Related Infection Prevention Measures. World Journal of Surgery, 46(6), pp.1249–1258. doi:10.1007/s00268-022-06539-4. 
[25] Wee, L.E.I., Conceicao, E.P., Tan, J.Y., Magesparan, K.D., Amin, I.B.M., Ismail, B.B.S., Toh, H.X., Jin, P., Zhang, J., Wee, E.G.L., Ong, 
S.J.M., Lee, G.L.X., Wang, A.E.-M., How, M.K.B., Tan, K.Y., Lee, L.C., Phoon, P.C., Yang, Y., Aung, M.K. and Sim, X.Y.J. (2021). Unintended 
consequences of infection prevention and control measures during COVID-19 pandemic. Am J Infect Control, [online] pp.469–477. 
Available at: https://search.bvsalud.org/global-literature-on-novel-coronavirus-2019-ncov/resource/en/covidwho-907189. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Position 20 

 
Virtual Screening studies for the discovery of new 

proteasome inhibitors  

Francesca Alessandra Ambrosio,1 Giosuè Costa, 2,3 Nicola Amodio,1 and 
Stefano Alcaro2,3 

1 Department of Experimental and Clinical Medicine, University “Magna Græcia” of Catanzaro, Campus “S. 
Venuta”, 88100, Catanzaro, Italy 

2 Department of Health Science, University “Magna Græcia” of Catanzaro, Campus “S. Venuta”, 88100, 
Catanzaro, Italy  

3 Net4Science Academic Spin-Off, University “Magna Græcia” of Catanzaro, Campus “S. Venuta”, 88100, 
Catanzaro, Italy 

ambrosio@unicz.it 

 

Keywords: Virtual screening, Drug Repurposing, anticancer drugs, proteasome inhibitors 
 
The ubiquitin proteasome system (UPS) is a highly complex, tightly controlled, and conserved pathway 
crucial for protein degradation and maintenance of cellular homeostasis. The eukaryotic 26S proteasome is 
the core of this complex due to its pivotal role in proteins’ degradation, in the regulation of cell growth and 
proliferation, apoptosis, DNA repair, transcription, immune response, and signaling processes. The 26S 
proteasome is a dynamic ATP-dependent macromolecular machine, comprising two subcomplexes: the 19S 
regulatory particle and the 20S core particle. The 20S subunit is the catalytic core of the proteasome and 
contains the three catalytic subunits β1 (Caspase-Like), β2 (Trypsin-Like), and β5 (Chymotrypsin-Like) [1]. 
Given the crucial roles that proteasome plays in cell proliferation and survival it represents a new target for 
the development of novel anticancer drugs. To date, three proteasome inhibitors named Bortezomib 
(Velcade), Carfilzomib (Kyprolis) and Ixazomib (Ninlaro) are approved by the Food and Drug Administration 
(FDA).  
In this work, starting from the Human 20S proteasome complex with Ixazomib, deposited in the Protein Data 
Bank (PDB) [2] with the PDB code 5LF7 [3], molecular modeling analysis guided the identification of new 
potential proteasome inhibitors. The virtual screening studies were carried out using a database of FDA-
approved drugs.  The receptor structure and the database were prepared by means of the Protein 
Preparation Wizard and LigPrep tools [4-5], respectively, using OPLS_2005 as force field. The docking studies 
were performed by means of a Glide v. 6.7 SP algorithm [6] and 10 poses for the ligands were generated.  
The most promising compounds are currently being analyzed using biochemical assays, in order to 
experimentally confirm their capability to inhibit proteasome activities both in vitro and in cellular models. 
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Cold atmospheric plasmas (CAPs) attract remarkable interest in material processing due to the absence of 
complex and expensive vacuum systems, the employment of easy-to-handle reactors and the possible 
integration into continuous production lines [1]. In the last years CAPs have obtained growing interest in the 
biomedical field promoting the development of the Plasma Medicine, an emerging research field based on 
the use of direct or indirect (through plasma activated liquids) CAP treatments of cells, tissues, or organs. 
Indeed, CAPs have been successfully applied for clinical and therapeutic uses like disinfection, blood 
coagulation, wound healing, and cancer treatments [2,3]. The interest for their clinical purposes derives from 
their ability to deliver, for example, gaseous blends of reactive oxygen and nitrogen species (RONS) able to 
influence the fate of cells and bacteria by inducing oxidative stress [3].  
Particularly, CAPs are emerging as tool to generate RONS (e.g., H2O2, NO2

-, NO3
-) to be transferred to liquids 

of interest in the biomedical field [4]. Plasma treated water solutions (PTWS) obtained in this way, can be 
indeed applied in contact with biological targets for therapeutic purposes [4-6]. The variety and 
concentration of RONS in PTWS is related to the experimental conditions of the applied plasma, as well as to 
the chemical composition of the exposed liquid [2,4-7]. The administration of 
PTWS to biological targets, as well as the direct injection of such liquids could 
be washed away by body fluids. The design of hydrogels as suitable materials 
acting as vehicles of PTWS could allow to reach a newer scientific frontier in 
the field [7,8].  
This work focuses on the use of CAPs to enrich water solutions and 
biocompatible hydrogels with RONS, for their potential use in clinics. An 
atmospheric pressure plasma jet (APPJ) with a coaxial cylindrical dielectric 
barrier discharge (DBD) configuration has been utilized (Figure 1). It consists 
of an inner high voltage stainless steel (SS) electrode, a Pyrex glass dielectric 
tube and an external SS tubular electrode connected to ground (GND). The 
sample holder, located under the jet outlet, is a grounded electrode covered 
with an alumina plate. The assembly is located into a Plexiglas chamber 
slightly pumped by a diaphragm pump to maintain the pressure constant at 
760 Torr during the experiments. Samples are located 3 mm far in a 24-well 
plate and He or mixtures of the latter with other gas (e.g., O2, N2 or synthetic 
air) have been used to feed the discharges. The H2O2 and NO2- 
concentrations have been quantified with colorimetric assays. Results show 
that the RONS content can tightly depend on the experimental conditions used during the plasma processes.  
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Abstract: α-Linolenic acid (LNA) is the most highly consumed PUFA found in the human diet [1]. It 
possesses numerous properties such us anti-inflammatory activity useful in topical applications, and also 
can treat skin-related disorders related to its deficiency [2]. The purpose of this work was to encapsulate 
this fatty acid in solid lipid nanoparticles (SLN) based on curcumine and resveratrol for the treatment of 
atopic dermatitis. These compounds were first esterified with oleic acid to obtain moonoleate and one 
oleate esters [3], then they were used for SLN’s matrix realization through the emulsification method [4]. 
The intermediates of esterification reaction were characterized by FT-IR and 1N-MR analysis. SLNs were 
characterized by dimensional analysis and the encapsulation efficiency was also determined. Skin 
permeation studies, antioxidant and anti-inflammatory activities were evaluated. Also, evaluation of cell 
viability by MTT assay was conducted. The obtained results showed that LNA was released over 24 h from 
nanoparticles, while the evaluation of antioxidant activity revealed that resveratrol based SLNs may be 
able to better protect the encapsulated fatty acid and the membranes from oxidative insults respect to 
curcumine. MTT assay test showed that the curcumin-based and resveratrol- based SLN loaded or not 
with linolenic acid did not exert significant cytotoxic effects on NCTC 2544 and on THP-1 cells 
differentiated into M2 macrophages and, in some cases, even increased cell viability with respect to 
control cells. Moreover, an inhibitory effect on the production of the pro-inflammatory cytokine IL-6 was 
observed in NCTC 2544 cells treated with the curcumin-based SLNs loaded with LNA. Overall, our data 
demonstrate that the synthesized SLNs could represent an efficacious way to deliver LNA to skin cells and 
to preserve the anti-inflammatory properties of LNA for the topical adjuvant treatment of atopic 
dermatitis. 
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In recent years, 3D printing has attracted a great deal of interest in the pharmaceutical field as a promising 
method for the production of customized small-scale pharmaceutical forms [1], both in hospitals and 
pharmacies. Among the existing 3D printing techniques, direct powder extrusion (DPE) is the most practical 
in terms of on-site manufacturing as it consists of a single production step, which includes the direct 
processing of the materials, in the form of pellets or powder, using a single screw extruder [2]. The critical 
point of the 3DP-DPE technique to obtain an optimal printable mixture is the choice of the polymer that best 
suits the characteristics of the drug that the patient needs. In this regard, ethylene vinyl acetate (EVA) 
copolymer is widely used in the 3D printing of drug delivery products thanks to its versatility in 
physicochemical properties that depend on the percentage of vinyl acetate (VA) contained. A higher VA 
content results in increased adhesion, flexibility, and decreased melting point and crystallinity [3]. This work 
aimed to demonstrate for the first time the feasibility of 3D printing of EVA-based transdermal patches with 
the DPE technique and the suitability of different grades of this material to the chosen drugs.  
For this purpose, two model drugs, ibuprofen and diclofenac sodium, were selected due to their differences 
in melting and degradation temperatures, significantly higher for the second. The patches, one containing 
ibuprofen and EVA 4030AC (40% VA) and the other containing diclofenac sodium and EVA 1821A (18% VA), 
were successfully printed by filling the printing unit with the selected blend; the same printing parameters 
were followed except for the printing temperature that was set accordingly to the drug (85°C and 180°C 
respectively). Printed patches showed a good homogeneity in size and weight, demonstrating the 
reproducibility of the method, and Fourier-transform infrared spectroscopy (FTIR) confirmed the 
incorporation of the selected polymer and drug into both patches. Thermal analysis of printed products, 
using differential scanning calorimetry (DSC) and thermal gravimetric analysis (TGA), revealed that no 
degradation process took place during printing. Moreover, in vitro drug release studies in 50% EtOH-PBS 
medium and drug permeation studies with vertical Franz diffusion cells, performed for 48 hours, showed a 
greater release and penetration of ibuprofen than diclofenac sodium (Fig. 1), suggesting that the VA content 
of the polymer and the processing temperature can affect the in vitro drug release and permeation behavior 
[4] of EVA-based transdermal patches.  
Considering the results obtained, in this work we demonstrated for the first time the application of EVA and 
3DP-DPE technique as potential tools for manufacturing transdermal patches that can be customized 
according to the patient's needs, thanks to the adaptability of the different grades of the polymer to the 
required drug. 
 
 



 

 
Fig. 1 A) In vitro release profiles of Ibuprofen and Diclofenac sodium in 50% EtOH-PBS medium; B) In vitro permeation profiles of 

Ibuprofen and Diclofenac Sodium through Strat-M ® membranes in PBS medium, using vertical Franz diffusion cells. 
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Hypertension, hyperlipidaemia, diabetes mellitus (DM), and obesity, other than meagre dietary behaviours 
can dysregulate the endothelium functionalities. As a consequence, a lower amount of nitrice oxide (NO) is 
synthesized and the NO-mediated vasorelaxant effect is gradually reduced. Regular consumption of 
polyphenols-rich foods has shown to be inversely related to morbidity and mortality from cardiovascular 
diseases. For this reason, the chemical modification of polyphenols represents an interesting strategy to 
overcome their poor bioavailability and obtain new therapeutic tools. Morin [1-3] and chrysin, [4] (Fig.1) two 
CaV1.2 channel inhibitors, have been selected as lead compounds, to create a library of challenging 
derivatives, employing a Multi-fingerprint Similarity Search algorithm (MuSseL). [4] The best compounds 
have been synthesized and investigated for their in vitro vasoactivity. FF derivatives (FF1-FF6) were less 
effective than the parent compound chrysin on endothelium-denuded rat thoracic aorta rings pre-contracted 
by high KCl, FF1 and FF5 being weakly inhibitors of Ba2+ currents through CaV1.2 channels (IBa1.2) recorded in 
rat tail artery myocytes. In contrast, crisNO2 and crisNH2 significantly antagonised both high KCl-induced 
contraction and IBa1.2 in rat tail artery preparations. Efficacy and potency of LP1-LP3 were higher than those of 
the parent compound morin both on high KCl- and phenylephrine-induced contraction, LP2 and LP3 being 
capable to block IBa1.2. However, LP2 inhibited also K+ currents through KCa1.1 channels. These data 
demonstrated how little chemical modifications could modify the pharmacological effect of polyphenols, 
highlighting the importance of merging computational/biological methods in drug discovery. 
 

 
 
 
 
 
 
 
 
                                                   

Figure 1. Morin and chrysin derivatives discovering by MuSseL 
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Cancer is a leading cause of death worldwide, with 10 million deaths every year. The research dealing with its 
treatment is ever increasing.  
The research has found in silica-based materials an interesting candidate in theranostic applications, due to 
silica biocompatibility and biosecurity [1].  
The synthesis of mesoporous silica-based compounds, suitable for the encapsulation of theranostic 
substances and their delivery, has attracted a lot of interest in the last decades.  
With respect to the classical silica-based materials [2], which present a porous structure in a dimension range 
between 2 and 5 nm, in this work we focus our effort on the synthesis of LPMSs with a porosity ranging from 
30 to 60 nm (Figure 1). The aim of this work is to synthesize structures that present large pores, in order to 
insert inside them unconventional large therapeutic molecules (i.e. antitumoral proteins, antimicrobial, 
peptides). 
 

 
Figure 1: Pore dimensions in LPMS 

 
The synthesis followed a hydrothermal mechanism, starting from an acidic water solution of TEOS (tetraethyl 
orthosilicate, the precursor of the silica structure), a surfactant (P123 or F127, precursors of the pore 
structure) and TMB (additive to the pore agent). The synthesis is MW assisted, and a time optimization has 
been performed. 
Surfactants studied differ from the poly(ethylene oxide) lateral chain, that for F127 is fifth time longer.  
Different ratios among TEOS and surfactants have been studied, finding a linear relationship between the 
amount of surfactant and pore dimensions (Figure 2), and confirming that F127 is a better surfactant for our 
scopes due to the higher average pore dimension obtained with the latter. 



 

 
Figure 2: Relationship between pore dimensions and ratio TEOS : surfactant 

 
In parallel, doped LPMS have been synthesized, including inside the structure different metal ions to achieve 
a synergic effect between the drug loaded inside the structure and the ions. Metal ions consider was: Ca2+ 
that has an osteogenic activity and/or Ga3+ that has an anticancer activity. Also in these cases, large pores 
have been achieved.  
Loading tests have been performed using nisin as a reference molecule, a polycyclic antibacterial peptide. 
The dimensions of a non-hydrate molecule are in the range of 4-6 nm. 
Comparing the loading efficiency of LPMSs instead of classical silica-based glasses, positive results have been 
reached; the loading efficiency of large molecules inside LPMS is far superior compared to classical structures. 
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Amyloid-beta (Aβ) peptides are present in the human brain and derive from proteolysis of APP (Amyloid 
Precursor Protein) due to the proteolytic action of β- and γ-secretases.[1] Aβ units can aggregate, forming 
oligomeric structures and fibrils, which are related to the onset of neurological pathologies such as Alzheimer 
disease.[1] Then, Aβ could also interact with metal ions, such as FeII, CuII and ZnII.[1] For these studies, we took 
into consideration a fragment of Aβ, formed by its first 16 residues, called Aβ16. 
Iron is present in vivo both as free ion and inside the heme group. Heme group is a neutral macrocyclic 
complex formed by FeII coordinated in the equatorial plan by a porphyrin. It can exist in configurations of 
high or low spin, depending on his axial ligands, and, spectroscopically, it is characterized by an intense and 
narrow absorption at 390 nm, called Soret band. The heme group is linked to oxidative stress and 
neurodegeneration; in fact, iron is a redox active metal and can generate free radicals during its 
interconversion cycle between ferrous and ferric ions.[2] 
Previous binding studies show that the heme group can bind up to two units of Aβ, through the side chain of 
its His residues.[3,4] 

In this study we analyzed the complex formed by the coordination of Aβ16 fragments to the heme group and 
in particular we tested its peroxidase activity towards exogenous biological substrates, such as phenols and 
catechols, and endogenous ones, that are the peptide itself residues (Figure 1). 
 

 
Figure 1: formation and pseudo-peroxidase activity of the heme-Aβ16 complex.[3] 

 
From kinetic studies we were able to estimate kinetic constants of the complex’s peroxidase activity: k1, 
related to the first step of the catalytic cycle, when hydrogen peroxide coordinates to iron, kcat, related to 
the last step of the catalytic cycle, the slowest one, and KM, Michaelis-Menten constant, which expresses the 
affinity between catalyst and substrate. We obtained k1 values much lower than natural peroxidases’ ones, 
indicating that heme-Aβ16 complex isn’t so efficient in detoxifying reactive oxygen and nitrogen species. 
Then, we found that k1 depends on the substrate concentration, so it could play a role in activating hydrogen 



 

peroxide. We also compared constants obtained for oxidation and nitration reactions: k1 and kcat are higher 
in oxidation, in fact in nitration catalytic cycle NO2

• is formed, which is also involved in unproductive 
degradation reactions, while KM is similar in both reactions, since catalyst reacts preferentially with substrates 
(phenols and catechols, π systems) than nitrite (σ system). 
From mass spectrometry studies we found that nitration on Tyr10 is the predominant modification, which 
occurs only in presence of the heme group in mild conditions and also in its absence in strong ones; however, 
time dependent studies show that nitration is faster in presence of hemin. Yet, nitration yield is lowered by 
the addition of an exogenous substrate, proportionally to its redox potential. 
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Over the years many antibiotics with different mechanisms of action have been developed however most of 
them undergo to antimicrobial resistance, especially when their mechanism of action depends on enzymatic 
inhibition.  
Nowadays it is known that a non-specific mechanism, such as the membrane physical disruption is less 
susceptible to resistance and it could be obtained through specific molecule including antimicrobial peptides 
(AMPs). Despite their peculiar mechanism of action, there are many reasons that limit the AMPs antimicrobial 
activity, primarily their high susceptibility to proteolytic degradation by endogenous or microbial enzymes.  
To counteract proteolytic degradation and to improve the knowledge around these novel antibacterials, we 
palnned to synthetize a library of antimicrobial peptides overcoming specific weaknesses related to this class 
of molecules, such as their metabolic instability. Additionally, we attempt to obtain compounds that are not 
just peptidomimetics but also membranolytic, such as the AMPs, to reach the direct disruption of the 
bacterial membrane. 
The molecular template for the development of our library of peptidomimetics compounds is represented by 
Brilacidin which is a defensin-mimetic molecule. This molecule was shown to have activity against S. aureus, 
Enterococcus faecium, E. Coli and SARS-CoV-2.  
Based on Brilacidin structure and literature, we identified the hypotetical pharmacophore for the synthesis 
of structurally related analogues, where side arms length should be modified to obtain the specific 
conformation for the perpendicular insertion on the phospholipidic bilayers. The firsts compounds have been 
already synthetized and they shown preliminary encouraging antimicrobials activity. 

 
 

Fig. 1: Hypothetical pharmacophore for the synthesis of structurally related analogues 
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The comprehensive identification of secondary metabolites represents a fundamental step for the 
assessment of bioactivities and pharmacological properties of traditional herbal drugs. Rumex usambarensis 
(Dammer) Dammer has been described as a multipurpose remedy in different African traditional 
pharmacopoeias, but its phytochemical profile has not been properly investigated. Herein we report a high 
throughput metabolomic screening, based on ultra-high performance liquid chromatography-travelling wave 
ion mobility spectrometry quadrupole time-of-flight (UHPLC-TWINS-QTOF), which was performed for the 
first time on different R. usambarensis plant parts [1]. By applying high-resolution mass spectrometry-based 
metabolomics and chemometric analysis, a complete discrimination of different aerial parts was obtained, 
with the annotation of 153 significant metabolites in leaves, stems, and flowers, suggesting an easy 
authentication and discrimination route. Phytochemical data were correlated to antimicrobial and 
antioxidant activities [2]. Flavonoids, benzopyranes, chromones and xanthones derivatives, along with a 
richer phytocomplex, might be responsible for the stronger bioactivities obtained from flowers.  
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Inflammatory bowel diseases (IBD) are a heterogeneous group of pathologies of the digestive system, 
especially the colon. They are characterized by a relapsing inflammatory stage that can also involve the 
deeper layers of the mucosa. Controlled release technology offers solutions for targeting active substances 
to the colonic area. The large absorption surface and long transit times make the colon attractive for the 
administration of poorly soluble locally and systemically acting compounds. Colon-targeted delivery systems 
(CtDDS) allow the active compounds to pass safely through the gastric and intestinal environment and then 
be released in the colon. This advantage avoids possible pH- and enzyme-dependent degradation processes 
of the carried compounds and prevents their possible irritant effects in such tracts.  
In this study, microsized systems based on food grade polymeric materials were developed for colon 
targeting. The copolymers Eudraguard® Biotic (EUGB) and Control (EUGC) were chosen as materials to 
produce the microcarriers [1-3]. Both are approved by EFSA as food additives (as E1207 and E1206). The 
systems were formulated using the Solvent Evaporation (SE) technique, basing on predetermined 
percentages of the two copolymers and of drug:copolymer ratios. The pre-formulation study revealed the 
formation of aggregates during the formulation process as the EUGC concentration increased. This problem 
was overcome by adding Aerosil® 200 F (E551), a synthetic silicate. The resulting systems were subjected to 
an in vitro release test: this was performed on a modified model of the dissolution test for gastro-resistant 
tablets (apparatus 2 and method A, Ph. Eur., 10th  Edn.). The procedure involves continuous pH variation (i.e., 
2 h at pH 1, 4 h at pH 6.8 and then up to 24 h at pH 7.4). The release profiles were compared, and the 
dissolution-disintegration process was supported by SEM analysis. The profiles of the microparticles 
containing the pure substance and the phytoextract were almost superimposable. They showed a gastric 
release of less than 15% and maximum peak release in the simulated colonic environment (pH 7.4). They agree 
with the copolymer properties shown in the functional coating of solid dosage forms [4, 5]. The pure EUGB 
systems exhibited a colon-specific release while the pure EUGC systems were characterized by a constant 
post-gastric release over time. Mixed matrices presented intermediate profiles. From the data obtained, it 
can be stated that by modulating the ratio of the two copolymers the release of the loaded actives in different 
regions of the intestinal tract can be controlled. Noteworthy, the overlapping release profiles of the 
microparticles loaded with the pure active or its phytoextract can offer an economic advantage in the 
development of oral nutraceuticals based on natural products and extracts, using targeted release 
technologies. 
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Asthma is a major noncommunicable disease, affecting both children and adults, and represents one of the 
major causes leading to high health care costs due to the need of chronic pharmacological treatments [1]. 
Nowadays, the standard gold treatment of inflammation in asthmatic patients is represented by 
glucocorticoids which are the most effective drugs for the pharmacological treatment and management of 
persistent asthma, leading to significative reduction of morbidity and mortality [2]. However, chronic use 
of glucocorticoids is often related to serious adverse effects, among them cardiovascular disease, 
dyslipidemia, adrenal suppression, hyperglycemia, osteoporosis, and immune suppression [3]. Hence, 
aiming to overcome these limitations, we designed and synthesized novel multitarget molecules, 
combining glucocorticoids with well-known endogenous hydrogen sulfide (H2S)-donor moieties [4]. 

Indeed, growing evidence suggests the biological relevance of H2S in the pathogenesis of airway diseases, 
such as asthma [5]. In this context, H2S has been demonstrated to actively regulate fundamental patho-
physiological processes such as oxidative stress, pulmonary circulation, airway tone and inflammation. 

Firstly, the synthesized compounds have been evaluated for their potential H2S-releasing profile. 
Furthermore, the H2S donor hybrids have been studied in an experimental model of asthma. In vivo studies 
demonstrated that the new chemical entities exhibit an enhanced ability to modulate asthma key features 
such as airway hyperresponsiveness and lung inflammation when compared to the parent compounds. 
Based on these results, the use of H2S-releasing hybrid compounds could represent a potential and 
intriguing strategy to be pursued for the treatment of asthma. 
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Melatonin (MEL) is a neuroprotective agent of promising interest in the treatment of neurodegenerative 
ocular diseases [1]. The topical management of posterior eye diseases is a non-invasive method that, 
however, presents the disadvantage of poor bioavailability. Effective strategies to overcome these 
disadvantages are to increase retention time and corneal permeation [2,3]. Here, with the aim of improving 
MEL delivery to the retina, the design and optimization of core-shell type melatonin-loaded lipid-polymer 
hybrid nanoparticles (mel-LPHNs) have been proposed. For the design of the mel-LPHNs, the copolymer 
PLGA-PEG and two cationic lipids (cetyltrimethylammonium bromide (CTAB) and 
didodecyldimethylammonium bromide (DDAB)) were selected to impart mucopenetrating and 
mucoadhesive properties to the systems. Optimization of the nanosystems was performed through design 
of experiments (DoE) by setting 3-level factors (Stat-Ease's Design-Expert®). Optimized Mel-LPHNs were 
characterized by Photon Correlation Spectroscopy (PCS) and UV spectrophotometry analysis, resulting in 
homogeneous particle populations (PDI < 0.3), suitable size for ocular administration (198.4 nm), positive 
surface charge (+39.8 mv), high encapsulation efficiency (79.8%), suitable pH (6.3) and osmolarity (296 
mOsm/Kg) values. Mel-LPHNs mucoadhesion was assessed in vitro using the mucin particle method, which 
revealed good mucoadhesive properties. The in vitro release profile was evaluated up to 8 days under 
simulated physiological conditions (37 °C, at pH 7.4), resulting in a sustained and controlled pattern. Thermal 
and spectroscopic analyses confirmed the interaction of lipids on the polymer matrix and the successful 
encapsulation of the drug. A core-shell type spherical structure was confirmed by transmission electron 
microscopy (TEM). Stability studies were carried out according to the ICH QA(R2) guidelines and guaranteed 
a stability of 6 months under refrigerated storage conditions. Prior to in vitro and in vivo studies mel-LPHNs 
were sterilized by UV radiation for 30 minutes. In accordance with the European Pharmacopoeia, 
microbiological analysis confirmed that mel-LPHNs passed the sterility test. A diabetic retinopathy model was 
used to assess the neuroprotective and antioxidant properties of mel-LPHNs. Cell damage and oxidative 
stress induced by the hyperglycemic insult on human retinal endothelial cells (HRECs) were effectively 
prevented by mel-LPHNs, compared to the MEL aqueous solution at the same concentration (0.1 and 1 μM). 
The Draize test was conducted to evaluate the ocular tolerability of mel-LPHNs, which showed no signs of 
ocular irritation. Taken together, these results suggested that this study reported for the first time the 



 

development of mel-LPHNs, a safe and promising nanocarrier for the topical treatment of ocular diseases.  
 

 

 
 
 

Determination of cell viability (MTT assays) (a) and evaluation of reactive oxygen species (ROS) using the 
DCFH-DA (b) in HREC stimulated with normal glucose (5 mM, Ctrl) or with high glucose (30 mM) with or 
without 0.1 and 1 μM of LPHNs, 0.1 and 1 μM of Melatonin-loaded LPHNs (mel-LPHNs) or 0.1 and 1 μM of 
Melatonin (MEL) for 48h. Values are expressed as mean ± SD of three independent experiments. Two-way 
ANOVA, followed by Tukey’s test was used to calculate statistical significance of the obtained values. [* = 
significant (P < 0.05); ** = very significant (P < 0.01); *** = extremely significant (P < 0.001)].). 
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Treating wounds, regardless of the type, is a challenge that doctors and health care workers face in their 

everyday life. The normal healing process encompasses numerous molecular and cellular mechanisms, from 
inflammation to regeneration of the damaged tissues [1]. Every single step requires a precise sequence of 
biochemical events and the active participation of specific kind of cells and molecules. Yet, what happens in 
chronic wounds is slightly different: the inflammation process does not evolve in standard times; instead, the 
cascade of the subsequent events that lead to the healing is delayed. This condition rises the chances for the 
wound to be infected by dangerous pathogens. Therefore, an ideal dressing should support the wound 
during its healing process, following the dynamics of tissue repair, while, at the same time, preventing the 
initial inflammatory phase from lasting too long. One strategy can be the release of anti-inflammatory and 
anti-bacterial compounds to protect the lesion from a likely bacterial contamination. 

Within this frame, zein proteins represent a promising material [2]. Their large availability alongside with 
their slow degradation rate in water makes them particularly suitable for this kind of application, especially 
when combined with naturally derived anti-inflammatory drugs. 

In this study, we fabricated zein microparticles via Spray Drying, either blank or loaded with molecules 
presenting anti-inflammatory and antioxidant properties. Spray-drying is a widely used process to transform 
a solution, suspension, or emulsion into a powder. The technique consists in the atomization of a liquid phase, 
the evaporation of the solvent and eventually the separation of the powder from the drying gas. Spray-drying 
offers the advantages of tailoring both particle attributes (e.g., particle size, specific surface area, 
morphology, and residual solvent) and powder properties (e.g., flowability, compressibility, and bulk 
density), therefore it guarantees a high reproducibility of the whole process.  
During the optimization of the fabrication process, different surfactants were studied, to stabilize the 
solution and to maximize the yield. The so obtained formulations were chemically and physically 
characterized, in terms of morphology, size, zeta potential and atomic composition. Tests about the 
degradation rate of the microparticles showed a slow and controlled degradation mechanism. Therefore, 
also the release behavior of the system will be studied considering different drugs, while their antioxidant 
and antibacterial properties will be evaluated, alongside their biocompatibility towards primary human adult 
fibroblasts. 

+ 

Figure 12: Schematic of the system with SEM image of the zein particles 
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Endocannabinoid system (ECS) was widely studied due to implication on several pathology conditions and 
contribution on homeostasis balance, in fact, it acts on various systems and biochemical functions. ECS 
explicates its action through specific neurotransmitters called endocannabinoids (eCBs), of which N-
arachidonoylethanolamide (AEA) and 2-arachidonoylglycerol (2-AG) are the main and most studied ECS 
related compounds [1]. Other compounds structurally related to the major eCBs were often identified as 
"cannabimimetics" due to their capability to bind fully or partially CB1 and CB2, the main ECS receptors, or to 
inhibit their degradation process performed by the fatty acid amide hydroxylase (FAAH) and 
monoacylglycerol lipase (MAGL). In this scenario, new ECS related compounds, called N-arachidonoyl 
conjugated eCBs, were raised as important neurotransmitters and modulators of classic eCBs levels, which 
derive from the conjugation between arachidonic acid and biological molecules like amino acids such as 
glycine (Gly), serine (Ser), alanine (Ala) or other neurotransmitters such as dopamine and γ-aminobutyric acid 
(GABA), to form respectively the N-arachidonoyl-glycine (NaGly), N-arachidonoyl-serine (NaSer), N-
arachidonoyl-alanine (NaAla), N-arachidonoyl-dopamine (NaDOPA) and N-arachidonoyl-γ-aminobutyric acid 
(NaGABA) [2].  
Usually, eCBs extraction required large amount of sample for analysis by means liquid/solid extraction or solid 
phase extraction (SPE) [3] and their low concentration in some biological matrices makes them a challenging 
task on LC-MS/MS analysis, the technique of choice for the analysis of these compounds due to its robustness 
and accuracy. 
The aim of this work was the development of a fast and reliable analytical method to determine main eCBs 
and related compounds, especially N-acylaminoacids. To this aim a µSPE-LC-MS/MS method was developed; 
miniaturized SPE leads to reduce sample amount avoiding the decrease of sensitivity of the method and it 
was able to detect principal eCBs (AEA, 2-AG), secondary eCBs (PEA, OEA) and 5 N-acylaminoacids (NaGABA, 
NaGlly, NaAla, NaSer) and dopamine conjugated compounds (NaDOPA), and to decrease matrix effect with 
good extraction recovery in plasma and brain tissue samples, the most used matrices in in vivo studies. 
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In the last decades recurring outbreaks of coronavirus infections have highlighted the lack of effective anti-
viral agents. In particular, the COVID-19 pandemic highlighted the necessity to develop new drugs for the 
treatment of SARS-CoV-2 infection. The first approach to the discovery of new antiviral drugs was based on 
repurposing of FDA-approved drugs, leading to the use of remdesivir for the treatment of patients with 
severe symptoms. At the same time, specific drug targets were investigated in order to design and synthesize 
new antiviral agents. Among the most promising drug targets, the Main protease (Mpro) of SARS-CoV-2 has 
been identified as a crucial enzyme with a pivotal role in protein maturation and virus replication at the 
beginning of the infection onset[1]. Moreover, Mpro is highly conserved in SARS-CoV and MERS, and presents 
a high degree of amino acidic sequence homology with other Coronaviruses, rendering its inhibition a 
promising strategy for the design of pan-inhibitors. In addition, the characteristic amino acidic sequence 
recognized by these enzymes at cleavage site, is highly specific for Coronaviruses and is not recognized by 
the proteases of the host cell, allowing to avoid off-target effects. The Mpro as a drug target was definitely 
validated with the introduction in therapy of Paxlovid, a combination of the Mpro inhibitor nirmatrelvir + 
ritonavir[2]. Here, we will report the design and synthesis of series of peptidomimetic Mpro inhibitors and their 
activity in cell-based assays. We investigated different warheads comprising aldehyde and nitrile groups 
[3][4] [5]. The backbone of the peptidomimetic inhibitors has been explored placing different natural and 
unnatural amino acids, and our results confirm the key role played by the lactam ring at P1 and of hydrophobic 
amino acids at P2, while larger substituents were accommodated by S3/S4 sub-pockets. 
 



 

 
Figure 1. a)Paxlovid, b)Design and synthesis of new Mpro peptidomimetic inhibitors. 
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Extracellular vesicles (EVs) are released into the systemic circulation, where they harbor molecular 
constituents that provide biochemical information about their parent cells [1]. As such, EVs are attracting 
increasing attention as a source of novel circulating biomarkers for cancer liquid biopsy. Despite this 
potential, none of the discovered biomarkers has yet entered the clinical practice, and novel methods for a 
label-free characterization of EVs are highly demanded. In this regard, Fourier Transform Infrared 
Spectroscopy (FTIR) has great potential as it provides a quick and informative biochemical fingerprint of EVs 
[2]. Here, we investigated, for the first time in the literature, the ability of FTIR to distinguish between EVs 
purified from sera of cancer patients and controls based on their mid-IR response. For this purpose, EVs were 
obtained from the serum of patients diagnosed with Hepatocellular Carcinoma (HCC) and healthy donors. 
Our data pointed out the presence of statistically significant differences in the integrated intensities of major 
mid-IR absorption bands, including the carbohydrate and nucleic acids band, the protein amide I and II bands, 
and the lipid CH stretching band. Additionally, we used PCA-LDA for the automated classification of spectral 
data according to the shape of specific mid-IR spectral signatures. The diagnostic performances of the 
proposed spectral biomarkers were evaluated using multivariate logistic regression followed by a ROC 
analysis, obtaining large Areas Under the Curve (AUC=0.91, 95%CI 0.81-1.0). Our analyses suggest that the 
discussed spectral biomarkers can outperform the classification ability of two widely used circulating HCC 
markers (i.e., AFP and PIVKA-II) measured on the same subjects [3]. Additionally, the limitation of ATR-FTIR 
spectroscopy for EV analysis is critically discussed, and novel nanotechnology-aided approaches are proposed 
to overcome this limitation.  
This research was funded by the Italian Ministry of Health, grant number GR-2016-02363310, which is 
gratefully acknowledged. 
 

 
Figure 1. Schematic workflow of the presented EV-based liquid biopsy: serum samples from HCC patients and 



 

controls were collected. EVs were isolated from serum samples and ATR-FTIR measurements were 
performed. Finally, automated classification of the two groups was achieved by machine learning analysis of 
the acquired spectra.  
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Organic solvents are often the determining factor in the cost, environmental impact, and safety of chemical 
and pharmaceutical processes, and their minimization or substitution represent an active field in Green 
Chemistry. Water as a reaction medium has always been considered an ideal green alternative: it is 
inflammable, incombustible, nontoxic, cheap, readily available, polar, and easy to separate from nonpolar 
immiscible organic solvents. In addition, water is unique for its exclusive ability to trigger new reactivities 
relying on unconventional reaction mechanism. We recently highlighted the challenges and the opportunities 
offered by using water as a reaction medium under visible-light photocatalytic conditions[1]. It should be 
noted, however, that most of the synthons used in drugs’ manufacturing usually require organic solvents for 
their dissolution, thus limiting the actual use of water as green solvent. By overcoming the need for large 
amounts of organic solvents while preserving their efficiency and selectivity in promoting organic 
transformations, aqueous micellar catalysis has been established as a huge opportunity to perform in water 
reactions; nevertheless, very few reports about visible-light promoted photomicellar transformations are so 
far available. Within this context, herein we present a photomicellar catalyzed synthesis of amides from N-
methyl-N-alkyl aromatic amines and both aliphatic and aromatic isocyanides[2]. The developed mild reaction 
conditions enabled a wide substrate scope and a good functional groups tolerance, as further highlighted in 
the late-stage functionalization of complex bioactive scaffolds. The protocol proved to be effective under 
sunlight irradiation without any decrease in the yields, and the possibility to recycle the micellar solvent 
system was also investigated to further support the greenness of the developed conditions. Moreover, 
solution 1D and 2D NMR experiments performed, for the first time, in the presence of paramagnetic probes, 
allowed to study the reaction environment at the atomic level and the localization of the photocatalyst with 
respect to the micelles, so to evaluate whether a rational approach for selecting the best performing 
photocatalyst/surfactant pair could be feasible. Such studies revealed a reverse polarity principle, according 
to which the use of photocatalyst/surfactant pairs with opposite charges could provide the localization of 
the photocatalyst on the micelles’ surface and furnish the optimal catalytic efficiency.  



 

 
Figure 1. Photomicellar catalyzed synthesis of amides from N-methyl-N-alkyl aromatic amines and both aliphatic and aromatic 

isocyanides 
 

References 
[1] C. Russo, F. Brunelli, G. C. Tron, M. Giustiniano. Visible-light photoredox catalysis in water. J. Org. Chem. 

2022, https://doi.org/10.1021/acs.joc.2c00805. 
[2] R. Cannalire, F. Santoro, C. Russo, G. Graziani, G. C. Tron, A. Carotenuto, D. Brancaccio, M. Giustiniano. 

Photomicellar catalyzed synthesis of amides from isocyanides: optimization, scope, and NMR studies of 
photocatalyst/surfactant interactions. ACS Org. Inorg. Au. 2022, 2, 66−74. 

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Position 37 
 

Ultraviolet resonance Raman spectroscopy to investigate 
cytosine epigenetic modifications and conformational 

changes in G-quadruplex DNA 

Raffaele Grazianoa, Jussara Amatoa, Francesco D’Amicob, Silvia di Fonzob, 
Antonio Randazzoa, Bruno Paganoa 

a Department of Pharmacy, University of Naples Federico II, Naples, I-80131, Italy, b Elettra-Sincrotrone Trieste S. 
C. p. A., Science Park, Trieste, I-34149, Italy, 

 raffaele.graziano2@unina.it  
 

5-methylcytosine (5mC) is an epigenetic mark with a significant role in the modulation of transcriptional 
activity and other genome functions [1]. Alterations of the DNA methylation can affect gene expression and 
promote the carcinogenic transformation of healthy cells [2]. Recent studies show that around 40% of 
melanomas are related to 5mC [2]. 5mC is a mutable site, since it can undergo spontaneous deamination to 
thymine, as frequently observed in inherited diseases and tumors. Recently, 5-hydroxymethylcytosine 
(5hmC), 5-formylcytosine (5fC), and 5-carboxylcytosine (5caC) were discovered as novel DNA epigenetic 
marks with functions distinct from 5mC [3]. Moreover, these naturally occurring nucleobases have also 
provided chemically plausible pathways for DNA demethylation [3]. 
Emerging evidence has shown that noncanonical DNA secondary structures, particularly G-quadruplexes 
(G4s), may have roles in epigenetics. G4s are four-stranded nucleic acid structures stabilized by stacking of G-
tetrads connected by stretches of nucleotides called ‘loops’. Depending on the loop length and base 
composition, G4s can adopt parallel, antiparallel, or mixed conformations. Recent evidence indicates that 
cytosine modifications within loops of G4s can play an active role in regulating G4 structural polymorphism 
[4].  
Since conformational changes often lead to changes in the vibrational frequencies of nucleic acids, vibrational 
spectroscopic techniques are valuable tools for studying the structural polymorphism of DNA [5]. 
Herein, we exploited the advantages of Ultraviolet Resonance Raman (UVRR) spectroscopy to develop a 
novel approach for investigating cytosine epigenetic modifications along with conformational changes in G4 
DNA. To this end, we used G4-forming sequences from the promoter regions of two cancer-related genes, 
namely WNT1 and c-kit. The c-kit expression is known to be regulated by DNA methylation [6], while WNT1 
G4 provided the first example of the possible effects of epigenetic cytosine modifications on a G4 structure 
[4], with possible consequences on gene expression. The results of this study show how UVRR carried out at 
266 nm is able to disentangle cytosine modifications. Specifically, spectral variations are observed when a 
cytosine is mutated into 5-methylcitidine or 5-carboxylcytidine. Besides such variations, a careful analysis of 
the UVRR G4 spectra is able to reveal the G4 conformational changes occurred after the cytosine 
replacements, as via NMR [4]. It confirms UVRR as a powerful tool able to elucidate G4 structural 
conformation induced by epigenetic disorder.  
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The structural polymorphism of DNA allows for the formation of non-canonical secondary structures, such as 
G-quadruplexes (G4s). G4s are found within important functional genomic regions like telomeres and gene 
promoters. In particular, G4s are especially abundant in the promoters of several proto-oncogenes whose 
overexpression leads to cancer development, where, once stabilized, they can downregulate the gene 
expression. For this reason, the search for ligands able to bind and selectively stabilize specific G4s is 
pharmacologically very important. Thermodynamic studies of G4s stability and interaction with ligands are 
essential for designing and optimizing new drugs. The KRAS proto-oncogene encodes for the homonymous 
GTPase and is overexpressed in up to 95% of pancreatic ductal adenocarcinoma (PDAC) cases. Its promoter 
region contains guanine-rich sequences able to form G4 structures. Here, we studied the thermodynamic 
stability of KRAS promoter G4s as well as their interaction with both well-known and novel G4-targeting 
compounds with different molecular scaffolds [1,2]. The ability of these compounds to stabilize the G4 DNA 
and their selectivity for KRAS G4 against double helix DNA was also analyzed. The affinity constant and the 
binding stoichiometry of these compounds were obtained by fluorescence titration. Finally, biological 
experiments were also performed to evaluate the activity of some of them [2]. 
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Too many drugs fail at the final hurdle in clinical trials because we cannot measure whether the drug is 
delivered to the right tissue, at the right time, for the right duration, at the correct dose. This project aims to 
combat these problems. Our imaging workflow will utilise a combination of magnetic resonance imaging 
(MRI) for in vivo whole organ imaging and mass spectrometry imaging for in vitro and ex vivo imaging of cell 
models and tissue sections, allowing unbiased elucidation of intrinsic molecular information in patient 
derived glioblastoma multiforme (GBM).  
We have synthesised a series of theranostic agents based on the macrocyclic DOTA complex that display 
chemotherapeutic properties and MRI activity; activity has been compared to free compounds in patient 
derived 2D GBM cell lines and toxicity has been maintained. MRI experiments show the relaxivity of an 
olaparib-DOTA complex (1) to be near ProHance™, a clinically used contrast agent, whereas the introduction 
of the linker in the olaparib-linker-DOTA complex (2) decreased the relaxivity. Though the relaxivity of the 
complexes 1 and 2 were lower than ProHance™ (80% relaxivity and 30% relaxivity respectively compared to 
ProHance™), the complexes were determined to be suitable contrast agents and were taken forward to 
perform in vitro experiments. Initial mass spectrometry experiments show our theranostics can be ionised 
via Atmospheric Pressure Matrix Assisted Laser Desorption Ionisation (AP MALDI) and Orbi- Secondary Ion 
Mass Spectrometry (Orbi-SIMS) and have been used for in vitro imaging to study drug delivery and 
metabolism. 1 and 2 have also been spotted on ex vivo sectioned and whole brain samples to confirm 
multimodal detection across lengthscales is possible in complex biological systems prior to in vivo 
experiments. 3D spheroids have also been generated to better represent a tumour model for analysis by 
confocal microscopy, MRI and mass spectrometry following incubation with the complexes and free drug. 
In conclusion we have synthesised theranostic agents that have retained the toxic properties of the parent 
drug and are detectable by MRI towards real-time, whole brain imaging. Correlation with mass spectrometry 
aids in further understanding the metabolism of the drug, in addition to modelling bioavailability and 
pharmacokinetics of the free drug compared to our conjugates. Further MRI-active scaffolds are also being 
explored.   

 



 

 
 

Figure 1. Olaparib-DOTA complex (1), Olaparib-linker-DOTA complex (2), Olaparib and ProHance structures 
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Recent evidence suggests that the p53-dependent nuclear stress induced by some anticancer drugs, such as 
5-Fluorouracil (5-FU), might not be sufficient to produce cell cycle arrest and/or apoptosis, due to the 
hyperactivation of MDM2 and MDM4 (the main inhibitors of the p53 activity). Besides, it has been recently 
discovered that the disruption of the MDM2/4 heterodimer produces a more efficient reactivation of p53[1]. 
The MDM2/4 heterodimer complex analysis suggested that the amino-terminus tail of Pep3, the only MDM2/4 
inhibitor known so far, may not be crucial for the interaction with the protein. Thus, a library of 16 short Pep3 
sequences has been synthesized and tested for its ability to disrupt the MDM2/4 complex (in terms of IC50) 
on cell lysates of MCF-7 cells. The best results were obtained with VLP13 and VLP24 peptides. To have a 
potential combined therapy and to promote the intracellular co-localization of those peptides with 5-FU, 
biodegradable polymeric nanoparticles (NPs) for colon cancer cell targeting via CD44 receptors have been 
designed. Positively charged NPs made of a poly(lactic-co-glycolic acid) (PLGA)/polyethyleneimine (PEI) 
mixture were prepared through nanoprecipitation and coated with negatively-charged sodium hyaluronan 
(HA) [2]. The schematic structure of NPs produced is reported in Figure 1.  
 

 
Figure 1. Schematic illustration of NPs structure. 

 
NPs with a size below 200 nm, a low polydispersity index, negative zeta potentials as well as good loading of 
both compounds were obtained. In particular, the entrapment of the drugs was quite complete (~85%), and 
the actual loadings were 20 and 50 µg/mg of NPs for peptides and 5-FU, respectively, independently by the 
peptide sequence.  Release studies of 5-FU performed by the dialysis technique demonstrated a sustained 
release completed in around one week. Finally, no aggregation phenomena of NPs incubated in Fetal Bovine 
Serum (FBS) were found.   
Growth inhibitory effects of combined NPs delivering 5-FU along with VLP-13 or VLP-24 were assessed in p53 
expressing colon cancer cells. SW480 cells treated with different concentrations of NPs for 24, 48 and 72 h, 
showed a dose and time-dependent antiproliferative activity which was amplified in comparison with 5-FU 



 

alone.  
Finally, to understand the molecular mechanism underlying the cytotoxic activity of NPs, we analyzed the 
expression of a subset of ribosomal proteins known to be involved in the p53-dependent nucleolar stress 
response. The treatment of SW480 cells with NPs caused a significant unbalance of uL3, uL18, uL5 mRNA 
levels and rRNA precursor levels. Of note, the treatment of cells was also associated with the increase of p21 
expression, a known marker of cell cycle arrest and/or apoptosis, thus demonstrating the soundness of the 
proposed strategy in potentiating 5FU activity. 
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   Nowadays, nutraceuticals have become increasingly popular due to their potential nutritional and 
physiological effects [1]. They may be used to improve health, delay the aging process, prevent chronic 
diseases, increase life expectancy, or support the structure or function of the body. Recently, the scientific 
community has been not only focused on the beneficial properties of nutraceuticals but also on the 
optimization of their delivery in the body [2].  Cannabidiol (CBD) is an active compound that shows great anti-
inflammatory potential [3]. However, its applications in the food and pharmaceutical sectors are limited due 
to its low bioavailability, extensive first-pass metabolism, poor water solubility and sensitivity to oxidation. 
For this purpose, a nanoengineered system for its oral delivery was designed [4].   

The strategy encompasses the combined use of zein, a plant-based protein extracted from corn, with 2-
hydroxypropyl-beta-cyclodextrin (HP-beta-CD) and their processing through nanotechnologies obtaining 
eventually   liquid formulations. Nanoparticles (NPs) were prepared through liquid-liquid dispersion method: 
CBD was dissolved in zein solution at a final concentration of 0.5 and 1 mg/ml while HP-beta-CD was dissolved 
in water. The two solutions were then mixed under magnetic stirring (30 minutes). All the systems were fully 
characterized through a large panel of techniques. In particular, we obtained NPs with hydrodynamic 
diameters of ~100 nm, low polydispersity indexes, positive z values (35 mV), high yield of the formulation 
process and excellent encapsulation efficiency. HP-beta-CD held a crucial role in the formulation process due 
to its ability to form host-guest inclusion complexes with both zein and bioactive compounds.  

We are focusing on zein NPs behaviour in the gastrointestinal tract and studying NP interactions with 
body fluids and oral mucosa, their biodegradation and in vivo transit time which can, prospectively, improve 
the absorption of the bioactive cargo.  

Overall, zein/HP-beta-CD platforms can be considered as a novel tool for the efficient delivery of 
nutraceutical compounds in the body, which could be potentially used in functional foods and dietary 
supplements. 
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Inflammation is an essential part of the body’s defence against harmful and foreign pathogens. Medical 
devices, such as cardiac pacemakers and prosthetics, can induce an inflammatory response called the foreign 
body reaction (FBR). At the implant site, macrophages play a key role as they coordinate to degrade and 
encapsulate of the medical device, hindering its function and leading to its failure. M1 and M2 macrophage 
phenotypes have pro/anti-inflammatory characteristics and immunomodulating these cells can lead to 
improved outcomes.1 Therefore, monitoring of M1 and M2 cell populations surrounding the device can help 
with the development of better immunomodulating biomaterials. Monitoring can be achieved using 
magnetic resonance imaging (MRI), which offers in vivo and real-time imaging. To overcome the inherently 
low sensitivity of MRI, paramagnetically shifted (PARASHIFT) contrast agents can be employed. Unlike 
gadolinium-based contrast agents, PARASHIFT contrast agents contain reporter groups that can facilitate 
direct imaging and tracking of the probes. Resonance signals are shifted away from water and fat signals and 
against zero background whilst enabling decreased scan times.2,3 Encapsulating contrast agents within 
targeting vehicles specific to M1 and M2 surface markers can be achieved using liposomes to further boost 
sensitivity.  
This method enables multi-channel MR imaging of M1 and M2 macrophages and, if successful, can be applied 
to target many different inflammatory biomarkers in the body. 
 
 

[1] H. Rostam, L. Fisher, A. Hook, L. Burroughs, J. Luckett, G. Figueredo et al., Immune-Instructive Polymers 
Control Macrophage Phenotype and Modulate the Foreign Body Response In Vivo, Matter, 2020, 2, 1564-1581. 

[2] P. Senanayake, N. Rogers, K. Finney, P. Harvey, A. Funk, J. Wilson et al., A new paramagnetically shifted 
imaging probe for MRI, Magnetic Resonance In Medicine, 2016, 77, 1307-1317. 

[3] A. Harnden, D. Parker, N. Rogers, Employing paramagnetic shift for responsive MRI probes, 
Coordination Chemistry Reviews, 2019, 383, 30-42. 
 

 
 
 
 
 
 



 

Position 43 
 

Evaluation of Innovative Technologies as Manufacting 
Methods for Solid Lipid Nanoparticles Powders 

Debora Santonocito,1 Maria Rosaria Lauro 2 and Carmelo Puglia 1 

1 Department of Drug and Health Sciences, University of Catania, Catania, Italy 
2 Department of Pharmacy, University of Salerno, Fisciano (SA), Italy  

debora.santonocito@unict.it 

 

Keywords: lipid nanoparticles, spray-drying, freeze drying, stability. 

 
 
Solid lipid nanoparticles (SLNs) represent an alternative colloidal carrier system to polymeric nanoparticles, 
liposomes and emulsions [1,2]. A crucial point for the use of the SLNs as colloidal drug carriers is their physical 
and chemical long-term stability [3-5]. For such cases, it is highly desirable to have a dried SLN formulation 
available.  
The aim of the project was to evaluate lyophilization and spray-drying techniques and identify suitable 
method for converting the nanosuspension into dried form. SLNs were dried using freeze drying (SLN-1) and 
spray drying technique (SLN-2) in order to compare and evaluate the best drying method. Both formulations 
were characterized in terms of mean particle size (MPS), polydispersity index (PDI), zeta potential (ZP) and 
reconstitution time. The obtained data shown that freeze-drying of SLNs under optimized conditions leads 
to a lyophilizate with good reconstitution properties and with technological parameters similar than of the 
initial conditions. Moreover, freeze-thaw cycles were carried out, as a pre-test, to study the protective effect 
of various types and concentrations of cryoprotectants (e.g. glucose and mannitol with the concentration 
from 1% to 10%) [6,7]. Glucose proved to be most effective in preventing particle growth during freezing and 
thawing and also in the freeze-drying process. Changes in particle size distribution during lyophilization could 
be minimised by optimising the parameters of the process; the optimum concentration of glucose was 3%. 
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The respiration activity of an individual living cell is an indicator of its metabolic status. Cancer cells show in 
the presence of oxygen higher glucose uptake and lower oxygen consumption as compared to normal cells, 
preferring glycolysis with respect to respiration for the catabolic use of glucose.[1]   
This metabolic peculiarity of cancer cells has been known since many years as “Warburg effects”.   
The study of cellular respiration is an important way to assess the metabolic status of phenotypically different 
cells, such as healthy cells and cancer cells. Closely positioned microelectrodes have been suggested for the 
investigation of the respiration activity by monitoring the local oxygen concentration.[2] Scanning 
electrochemical microscopy (SECM) was proven to be a powerful technique able to investigate cells and their 
surroundings with high spatial and temporal resolution, using ultramicroelectrodes as probes to obtain 
information about cell metabolic activity.[3]   
In this work, we developed an electrochemical method for the study of single cell respiration, also evaluating 
the cell morphology contribution on oxygen consumption in healthy or cancer cells.   
By bringing the electrode close to the cell body, it was possible to disentangle the current signal component 
related to oxygen concentration from the one due to the topological contribution of the cell. In the near 
proximity of the cell, the impact of the probe functioning on oxygen availability for the investigated cell have 
been evaluated. In parallel, a micro-electrochemical sensor for the study of the pH in the extracellular 
environment, a parameter functionally related to cell metabolism and glucose/oxygen consumption, have 
been developed and characterized.  
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SGK1 (serum- and glucocorticoid-regulated kinase) is a serine-threonine kinase belonging to the AGC family 
and sharing high homology with Akt kinase. Alteration of SGK1 expression is related to different pathologies, 
including cancer, hypertension, and autoimmune diseases. Despite the critical role of SGK1 in the 
development and resistance of human tumors, only a small number of SGK1 inhibitors are reported in the 
literature so far.1 
Our group recently screened the in-house library of pyrazolo[3,4-d]pyrimidines, initially synthesized as Src/Abl 
kinase inhibitors, against SGK1. This study included the evaluation of more than 300 compounds and led to 
the identification of SI113 (Figure 1) as a quite potent and selective SGK1 inhibitor. SI113 possesses an IC50 of 
600 nM toward SGK1 and an almost 100-fold selectivity over Akt.2 
SI113, thanks to its activity profile, emerged as a promising lead compound to investigate the different roles 
of SGK1 and Akt in tumors3 and treat malignancies characterized by SGK1 deregulation.4,5 Indeed, several 
studies showed that SI113 is active in vitro in several cancer cell lines overexpressing SGK1 and in vivo in 
xenograft models of human hepatocellular carcinoma and ovarian cancer. Furthermore, SI113 showed 
synergistic effects with radiotherapy and classical antitumor agents.4,5  
Based on these encouraging results, we started a lead optimization study to identify new SGK1 inhibitors 
endowed with higher potency and better pharmacokinetic properties compared with SI113. In detail, we 
designed a virtual library of compounds of feasible synthesis to submit to molecular modeling studies. We 
maintained the double bond on the N1 side chain since the docking study showed that the flat conformation 
is essential for the interaction with the catalytic pocket of the kinase. At the same time, we expanded the 
structure-activity relationship (SAR) knowledge, introducing different decorations on C4 and C6 positions. In 
detail, we focused on introducing polar substituents to improve the water solubility of SI113, which was 
relatively poor.6 We synthesized the in silico most promising compounds and a set of derivatives designed to 
extend further the SAR evaluation (compounds 1a-z, Figure 1). Then, we evaluated the activity of the new 
molecules towards SGK1 and the A2780 ovarian cancer cell line. 
Interestingly, two compounds showed a better activity profile than SI113 on cells. In vivo studies on the most 
active derivatives are ongoing. Biological results will be discussed in the poster session. 
 



 

 
Figure 1. Structure of SI113 and general structure of new generation compounds 1a-z. 
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In the last decade, Poly (lactide-co-glycolide) (PLGA) based nanoparticles (NPs) have gained considerable 
interest in pulmonary delivery applications due to the unique properties related to their promising properties, 
such as drug encapsulation, protection, controlled release and aerodynamic properties [1]. Nevertheless, 
PLGA NPs systems appear not always efficient in crossing the lung mucus layer, which represents the main 
barrier to the drug absorption. PLGA NPs usually showed a surface particle engineering with hydrophilic 
polymers, which can improve the diffusion across the lung barrier and promote the target enrichment. 
Among engineering polymers, poly (vinyl alcohol) (PVA) is one of the most exploited, thanks to its 
biocompatibility and safety, and it is traditionally classified as a mucoadhesive surface modifier. Nevertheless, 
recent studies have demonstrated that PVA, with optimized properties, may be used to achieve non-
mucoadhesive nanoparticles that quickly permeate mucus [2]. This study aims to investigate the effect of 
PVA hydrolysis degree (DH) and molecular weight (MW) on NP muco-inertia. Four PVAs with different DH 
and MW were tested as surface engineering polymers (PVA4-88, PVA40-88, PVA10-98, and PVA56-98) at 
three different concentrations (0,10- 0,25- 0,50 % w/V). 
The NPs, prepared by a modified emulsion/solvent diffusion technique, were characterized in terms of size, 
PDI, ζ-potential by Dynamic Light Scattering (DLS) and ELS. The surface properties were evaluated by 
analyzing the Fixed aqueous layer thickness (FALT) and the PVA amount absorbed on the NP surface. The 
interactions between NPs and mucus were evaluated by spectrophotometric analyses at the fixed 
wavelength (650nm) and by size analysis of NPs dispersion in mucin. In vitro diffusion studies through 
artificial mucus (AM) of selected PVA-NPs were also assessed by Transwell® multiwell plate assay system to 
further understand the fate of NPs through mucus.  
Homogeneous NPs with an average size lower than 250 nm were achieved using the PVA with low molecular 
weight (PVA4-88 and PVA10-98) at all the tested PVA concentrations. While, in the case of high molecular 
weight PVA, PVA-NPs with a size lower than 250 nm were achieved only with 0.1 % PVA. Concerning the NP ζ-
potential, lower DH PVA provides almost neutral NPs (-1.08/-1.38 mV) while a negative particle surface was 
achieved using high DH PVA (-58.9 and -28.3 mV employing PVA10-98 and PVA56-98 respectively). The amount 
of PVA absorbed on the NP surface was mostly affected by the different types of PVA employed, while the 
concentrations of the PVA used seem not to be relevant. The highest PVA absorption was achieved by PVA4-
88 (between 17.55% and 22.02%). Concerning the FALT measurement, increasing the DH of the PVA, a 
reduction in the NP shell was observed (e.g., PVA layer thickness of NPs prepared with 0.5% PVA10-98 and 56-
98 were 1.28 and 2.08nm while 5.18 and 3.52nm for PVA 4- 88 and 40-88, respectively). These preliminary 
results support the hypothesis that higher DH of PVA (PVA10-98 and PVA56-98) led to mucoadhesive systems 
that strongly interact with mucin, while NPs modified with low DH PVA (PVA40-88 NP and PVA4-88) can be 
considered muco-inert. These muco-inert NPs with 0.1% of PVA were selected based on their promising 
properties (size, PDI, ζ-potential, and FALT) and prepared using PLGA polymer conjugated with a fluorescent 
probe, Rhodamine B (PLGA-Rhod): Rhod-PVA4-88 NPs [0.1%] and Rhod-PVA40-88 NPs [0.1%]. The fluorescent 
NPs were employed in the Transwell® permeation studies and the results showed their ability to diffuse 
swiftly across the AM layer. In particular, 97.0±0.0% of Rhod-PVA40-88 NPs [0.1%] and 83.7±7.9% of Rhod-



 

PVA4-88 NPs [0.1%] permeated through AM in 48 hours.  
Overall results underlined the potential of PVA with low DH as promising engineering polymers for the 
production of muco-inert PLGA-based NPs.  
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