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Drug Delivery systems, as vesicles, represent a useful strategy to improve permeation, bioavailability
and stability to oxidation of many natural substances. Ascorbyl octanoate (ASC8) and ascorbyl
decanoate (ASC10) are useful antioxidant and amphiphilic molecules that can easily penetrate through
the tissues [1]. The present study was conducted to formulate, optimize and then evaluate vesicles
added with ascorbic acid derivatives (ASCn) and loaded with khellin to obtain nanocarriers with
potential antioxidant and anti-vitiligo activity. Khellin is a furanochromone with a chemical structure
closely resembling that of the psoralen family. If activated by UVA (365 nm), it can be used to
stimulate inactive melanocytes in treatment of vitiligo, an acquired depigmention skin disorder
affecting about 1% of the population [2]. In this paper the vesicles were prepared by Thin Layer
Evaporation using 33 mg/ml of phosphatidylcholine, 12.1 mg/ml of ASC8 or 13.2 mg/ml of ASC10
and 0.5 mg/ml or 2 mg/ml of khellin. The resulting colloidal dispersions were stored in fridge at 4°C
in order to estimate their physical-chemical stability for five weeks. The quantitative analysis were
carried out using a HPLC1100-DAD. These nanocarriers were characterized for their size,
polydispersity index (PDI), ζ potential, recovery, encapsulation efficiency (EE%), release and
morphology. Moreover the vesicles were characterized in terms of Small-angle X-ray scattering
(SAXS) and Differential Scanning Calorimetry (DSC) that were able to provide us with a general
framework of the system’s bilayer structure and organization as well as a release kinetics. Results
showed that the vesicles had spherical shape and exhibit average sizes about 150 nm, the ζ potential
varied from -45mV to -25 mV, the PDI was about 0.27 mV, EE% were between 75% and 90% while
the recovery were between 90% and 100%. The drug release study was performed for 24 hours
showed that after 9 hours all khellin were released from the vesicles. SAXS and DSC described the
bilayer characteristics and the structural differences between loaded and empty systems as well as
release kinetics. The findings suggest that these formulations can be useful to treat patients suffering
from vitiligo.
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Oral mucositis represents the more frequent and clinically significant complication of cyto-reductive
chemotherapy and radiotherapy. This pathological condition refers to severe inflamed ulcerative
lesions of the oral mucosa, associated to an intense pain [1].
The present work aims at developing in situ gelling systems to be loaded with an aqueous extract of
Hibiscus sabdariffa (Hb extract), rich in polyphenols, for the treatment of oral mucositis; such systems
should be characterized by an easy administration and by a prolonged permanence on the damaged
tissue. To reach these targets, κ-carrageenan (κ-CAR) was selected as polymer able to gelify in
presence of saliva ions, while hydroxypropylcellulose (HPC) was used as mucoadhesive agent. CaCl 2
was proposed as salt able to enhance the interaction between κ-CAR and saliva ions.
Different salt and polymer concentrations were considered in order to obtain a formulation having the
following features: i) low viscosity at room temperature to facilitate the administration; ii) marked
elastic properties at 37°C, functional to a protective action towards damaged tissues and iii)
mucoadhesive properties. The most two promising systems, composed by κ-CAR (0.6% w/w (blank 1)
or 0.4% w/w (blank 2)), HPC (1% w/w) and CaCl2 (0.04% w/w), were loaded with the Hb extract, at
two different concentrations, 0.2% (A) and 0.4% w/w (B). The extract loading did not alter the
capability of the developed formulations to gelify in presence of saliva ions at 37°C and induced a
decrease of viscosity values at 25°C, which was functional to an easy administration and to a good
spreading on the damaged mucosa. Moreover, it was proved that loaded formulations, contrary to
blanks, were characterized at 37°C by a prevalence of the elastic behavior on the viscous one,
revealing a greater capacity to resist to the physiological removal mechanisms of the oral cavity. Both
blank and loaded formulations showed good mucoadhesive properties, which guarantee a prolonged
residence time of the systems and, thus, of the Hb extract on the oral mucosa.
Finally, in vitro studies, performed on human dermal fibroblasts, revealed a good biocompatibility and
capability to support cell proliferation of both blank and loaded systems. The antioxidant potential of
the formulations loaded with the Hb extract was also confirmed.
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Berberine (BRB) is a natural isoquinoline alkaloid, used for many therapeutic activities by the
Traditional Chinese Medicine, from the ancient times. Escin (ESN) is a mixture of triterpenic saponins
that exhibits anti-inflammatory, anti-oedematous and venotonic properties and it was selected for both
structural and functional activities [1]. Different liposomes, loaded with BRB HCl, were prepared
according to the lipid film hydration method, changing the lipid mixture based on phosphatidylcholine,
cholesterol and ESN. All liposomes showed optimal sizes, low polydispersity and spherical shape. The
dialysis bag method, followed by HPLC-DAD analysis, was used to define the Encapsulation Efficiency
(EE%) and to investigate the in vitro release of BRB HCl and ESN. EE% were about 67% for the first
one and 94% for the second one. Concerning the kinetic release, it was found a maximum delivery
around 75% and 25% respectively, within 24h. Liposomes had chemical-physical stability, until a month
storage period, at 4°C. Deformability of the vesicles was evaluated by extrusion. Then, the formulations
were tested by an ex vivo permeation assay using vertical diffusion Franz cells and rabbit ear skin. This
system is useful to observe the distribution of BRB HCl into the various skin layers and to predict BRB
HCl absorption, too, since it simulates the passive permeation thorough the full thickness skin. We
compared rabbit ear skin with human abdomen skin by optical microscope and the anatomic structure
was very similar in both tissues. According to these results, we chose rabbit ear skin as a suitable model
in skin permeation studies for both lipophilic and hydrophilic permeants. By permeation studies, it can
be observed that 6 h after the topical application of all liposomes, both molecules had not permeated the
full thickness of the skin or were not quantified in the receptor chamber. However both BRB HCl and
ESN were detectable after 24 hours. In order to validate the model, a slice of not treated skin was
observed by optical microscope and no morphological alterations were found in the tissue. In
conclusion, skin permeability was higher for BRB HCl loaded in ESN-based liposomes than BRB HCl
loaded in the conventional liposomes, or respect to the free molecule. Therefore, these liposomes are
deformable vesicles, able to cross the skin until the deepest layers of epidermis and suitable for
dermatological applications to achieve a therapeutic synergy [2].
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The prolonged life and the recurrent use of new dental implant technologies suggest in the immediate
future a strong demand for buccal dosage forms for the treatment of different dental health problems,
such as treating post-implant surgery complications or chronic diseases like periodontitis and gingival
retraction1. Therefore, our research project has been focused on the fabrication of a biopolymer-based
multilayered film2, which is bioadhesive and biocompatible with the unhealthy tissue and
simultaneously releases the drug locally with a controlled rate.
In this study, films containing a binary mixture (70/30 %) of a film-forming polymer (like HPC,
HPMC K750, HEC) and a biological product (like collagen peptide [MW 2-3 kDa], gelatin type A &
B [Bloom strength 175 g] and an undisclosed novel product (NP) with potential anti-inflammatory
activity) were prepared by solvent casting method. The dried films were evaluated to ensure optimum
film features. Chlorhexidine digluconate as a model drug was eventually dosed into the films that
showed the best characteristics. In vitro tests were conducted on a human monocytic cell line (THP1)
to evaluate the toxicity and anti-inflammatory effect of the NP.
The mean weight and thickness of the films were found to be 53 ± 0.8 mg and 0.12 ± 0.1 mm,
respectively. A study of surface morphology confirmed the homogeneity and smoothness of all the
films. Moreover, the binary mixtures demonstrated statistically significant differences for in vitro
mucoadhesion, mechanical, ex vivo residence time, swelling and erosion properties. A mixture
containing HPC and NP was chosen as the best candidate for the biocompatible layer due to its higher
work of adhesion and ex vivo residence time; whereas HPC was selected for the controlled release
layer due to its low erosion index. The in vitro tests on the human monocytic cell line (THP1) showed
evidence of good anti-inflammatory effect and no toxicity. Thus, these results allowed us to select
suitable candidates for both the biocompatible and release-retarding layer for buccal application of
film-forming polymers and future development of multilayer films.
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Background. Mesenchymal extracellular vesicles (EVs) represent a promising approach for treating
several diseases, instead of their parental cells [1]. Unfortunately, a standardized, validated and GMPcompliant production process is still lacking, generating uncertainty about their biological effects [2].
The aim of this work is to develop a pilot production process for mesenchymal EVs, combining
ultrafiltration (UF) with lyophilization (FD). Methods. To induce EV release, adipose-derived
mesenchymal stem cells (MSCs) were cultured in serum-free medium for 24 hours. Supernatants were
concentrated and purified by UF; cryoprotectant was added and the EV solution was lyophilized. Then
freeze-dried (FD) product was characterized in terms of: i) total protein and lipid content, Nanoparticle
Tracking Analysis (NTA), Fourier Transform Infrared Spectroscopy (FTIR), Thermogravimetric
Analysis (TGA) and Differential Scanning Calorimetry (DSC); ii) safety (blood and cytocompatibility
(on fibroblast and chondrocytes), at concentration of 0-150 mg/ml and 0-25 mg/ml, respectively); iii)
potency (immunomodulation, evaluated as ability of FD secretome to suppress inflamed lymphocyte
IFN-γ production compared to its parental cells). Results. Protein and lipid content, expressed as
µg/mg of powder, were 59.7 ± 2.05 and 8.9 ± 0.14, respectively (mean values of 3 batches); NTA
detected a vesicle mean diameter of 231.1 ± 10.2 nm, with a concentration of 9.02 x 108 ± 0.167 x 107
EVs per mg. The low-intensity bands in FTIR spectra around 1653 and 1547 cm-1 (amide I C=O
stretching vibrations and amide II N-H banding vibrations, respectively) confirmed the presence of
EVs. Absorbance bands at around 1457 and 1377 cm-1, related to CH2 and CH3 groups, confirmed the
presence of lipids and proteins. TGA analysis revealed a mass loss of 1.7% w/w due to water content,
while DSC confirmed that the lyophilization process occurred without any interactions between the
formulation components. FD secretome was not hematolytic at any of the tested concentrations,
whereas it induced hemagglutination at 150 mg/ml. A dose-dependent reduction in cell metabolic
activity was observed for all cell lines, even if it remained ≥ 60% also at 25 mg/ml. The amount of
IFN-γ was reduced in a dose-dependent manner in inflamed lymphocyte incubated with MSCs or their
secretome. At the highest dose tested, secretome was as effective as cells. Conclusion. These results
support the pharmaceutical and clinical development of UF and FD mesenchymal EVs as new
acellular Active Pharmaceutical Ingredient.
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From a medical and therapeutic perspective, the fused deposition modeling by 3D-printing (FDM3DP) is a pragmatic tool for producing personalized devices and drug dosage forms [1]. One of the
main problems to deal with is the lack of availability of biocompatible and biodegradable polymers in
form of filaments suitable for 3D-printing. Thus, the aim of this study is to investigate the potential of
Hot Melt Extrusion for producing drug-loaded filaments with different drug concentrations, coupled
with FDM-3DP technology for printing customized drug delivery systems.
Several batches of poly(vinyl alcohol) with different size distributions obtained by cryomilling (PVA
degree of fineness: 4000-5000 µm, 1000-2000 µm, 600-1000 µm, 250-600 µm, less than 250 µm) and
Ciprofloxacin were prepared varying polymer/drug ratio (from 10% w/w to 35% w/w of API) and then
extruded as filaments with the single screw Noztek Touch Extruder. Digital modeling with CAD
software Rhinoceros 5 and CAM software Ultimaker Cura 3.2.1 was used for the development of
models and scaffolds for FDM-3DP. Moreover, printer’s parameters (Ultimaker 3 FDM-3D printer)
and operative specifics were refined for an optimal print of the lab-made drug-loaded filaments into
the desired dosage forms. Scanning electron microscopy allowed observing the surface interaction
between drug and PVA as well as the architecture of the drug-loaded filaments and of the printed
products. Finally, the drug content and thermal behavior of mixtures, filaments and printlets were
monitored.
The PVA particle size greatly affected the ability of the polymer to load the drug and to form with it
homogeneous mixture together with the extrusion process. Coarse or moderately fine PVA powders
showed better processability and reduced the drug loss during both the drug/polymer mixture and the
extrusion processes. Finally, drug-loaded filaments with different drug concentrations were
successfully printed.
These results can help to fill the gap given by the lack of biodegradable and printable drug filaments
moving an important step towards a rapid manufacturing process for personalized galenic
formulations.
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During the past decades, therapeutic proteins and peptides have gained a wide attention due to the
advantages of great selectivity, target-speciﬁcity and safety comparatively to the majority of small
molecules drugs. However, oral administration of macromolecules is difficult because of the chemical
instability in the gastrointestinal (GI) tract due to the harsh pH conditions of the stomach and the
activity of the digestive peptidases [1]. Solid lipid microparticles (SLMs) are a promising carrier for
oral delivery of protein drugs owing to their stability, biocompatibility and biodegradability. Due to
the hydrophobic nature of the lipids, whereas almost all protein drugs are extremely hydrophilic, the
production of SLMs by traditional methods allow poor and variable drug loading with very low
encapsulation efficiency (E.E.) values, always below 50%. In addition, because of the labile nature of
biologics, preparation techniques employing organic solvents should be avoided. Spray congealing is
a solvent-free process and has showed to be a promising method for the encapsulation of biologics [2].
In the present research three different biologic molecules (β-galactosidase, catalase and glutathione)
were encapsulated in spray congealed-SLMs in order to protect the active molecule from gastric
environment and to achieve a local delivery to the intestine. Drug-loaded SLMs were characterized in
terms of particle size, morphology, drug loading and E.E. value. The integrity of the encapsulated drug
was assessed by means of different techniques with a particular focus on the ability to maintain the
catalytic activity in case of therapeutic enzymes. The effectiveness of SLMs as drug delivery system
for the oral administration of biologic drugs was evaluated simulating the pathway of the MPs through
the GI tract. For this purpose, the different environments of the GI tract (e.g. gastric and intestinal
fluids in fasted and fed conditions) were simulated using biorelevant media. Spray congealing ensured
E.E. values close to 100% and no loss or degradation of the active drug during the preparation process.
Results highlighted the influence of particle size and composition on the ability of the SLMs to protect
the bioactive molecule from the degradation in gastric environment. In conclusion, the present study
suggested the potential of spray congealed lipid-based systems to obtain a local delivery of a biologic
drug by selecting appropriate lipid excipients and particle size.
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To increase the long-term stability of poly(D,L-lactide-co-glycolide) nanoparticles (NP) a drying step
is mandatory. Spray- and freeze-drying can induce their irreversible aggregation and, therefore, the use
of a drying auxiliary agent is necessary. The aim of this work was to explore the ability of four grades
of maltodextrins (MDX) as NP’s auxiliary agent in spray- and freeze-drying.
PLGA NP were prepared by the solvent displacement method, using a polymer with a Tg of 36.5 °C.
Compatibility was evaluated by DLS, after stirring NP with solutions of MDX (DE2, DE6, DE12 and
DE38) at 2, 4 and 8% w/v concentrations using water or 0.9% NaCl as dispersants. Spray-drying process
conditions were optimized by a Design of Experiment. Freeze-drying cycles were designed based on
the thermal properties of MDX solutions. Dried products were reconstituted in water or 0.9% NaCl
under gentle stirring and characterized by DLS after 5, 30 and 60 min.
NP had a monomodal size distribution with a size of about 160 nm and a Z-potential (z) of -31 mV. NP
were compatible with all the aqueous solutions of MDX at all concentrations, even if DLS revealed a
slight increment of NP size as a function of MDX grade and concentration. A concomitant increase of
z was less evident for MDX DE2 and DE38 compared to DE6 and DE12, with values of about -26 and
-24 mV, respectively. In 0.9% NaCl solution, only MDX DE2 and DE38 did not induce NP aggregation.
These results appeared related to the organization of MDX onto NP surface, since both the z and the
apparent persistence length of hydrated MDX [1] followed the same trend. Independently of the drying
method, after reconstitution of the dried products, MDX DE2 was not effective in preserving NP features
(size>400 nm). Conversely, MDX DE38 allowed an easy and complete reconstitution of NP. Its optimal
concentrations resulted in the 2-4% w/v range. Indeed, monodisperse NP were obtained after 5 min of
reconstitution independently of medium ionic strength (spray-dried product prepared by 2%w/v MDX
DE38: 172±12 nm; freeze-dried product prepared by 4%w/v MDX DE38: 188±6 nm).
In conclusion, MDX DE38 appears an efficacious drying auxiliary agent for NP at concentrations lower
than those reported in literature for polyols and sugars, independently of the drying process.
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The nose to brain pathway is emerging as new option for the delivery of therapeutics to the central
nervous system. Recently, it was demonstrated that albumin nanoparticles (NPs), studied for intranasal
administration, improved the delivery of tacrine and (R)-flurbiprofen [1, 2]. Based on these results, in
this work was investigated the influence of chitosan (CS) coating on the performance of human serum
albumin (HSA) NPs for nasal application. HSA is the most abundant plasma protein and possesses
unique characteristics that make it an ideal candidate for the application in the field of
nanotechnology. CS is a natural biodegradable polymer obtained by the deacetylation of chitin. The
interaction between CS and HSA NPs causes the shift from negative to positive surface charge of
HSA NPs. Positively charged NPs enhance drug internalization, as the result of ionic interactions with
negatively charged cell membranes. Additionally, CS is capable of opening the tight junctions and it
has mucoadhesive properties that allow a prolonging nasal residence time. HSA NPs were prepared by
desolvation technique. CS coating was obtained adding chitosan solution to an equal volume of HSA
NPs suspension under magnetic stirring. Dynamic Light Scattering analyses revealed that the mean
particle sizes was 24118 nm for HSA NPs and 2618 nm for CS-HSA NPs. The -potential was 473 for HSA NPs and +451 for CS-HSA NPs. Transmission electron microscopy observations
confirmed the presence of CS on the surface of HSA NPs. The developed formulations showed
excellent storage stability both as suspension and as freeze-dried product after 3 months. The
mucoadhesion properties were assessed by means of the turbidimetric method. NPs were loaded with
sulforhodamine B sodium salt as model drug and the effect of CS coating was investigated performing
release studies by dialysis bag method, permeation and uptake experiments using Caco-2 and
hCMEC/d3 cells as model of the respiratory epithelium and BBB (nasally administered drugs were
also adsorbed into the circulation and they reach the brain if they are capable of crossing BBB),
respectively. Furthermore, in vitro diffusion experiments were performed using rabbit nasal mucosa in
a Franz-type permeation apparatus.
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Purpose. To develop and characterize in vitro and in vivo a nasal powder suitable for nose-to-brain delivery
of flurbiprofen as anti-inflammatory for early management of Alzheimer’s disease.
Methods. Microparticles of flurbiprofen sodium were prepared by means of either the Nano Spray Dryer-90
and Mini Spray Dryer B-290 (Büchi) varying the feed solvent composition and the temperature to see the
effect on yield of production and microparticle properties. Then, blends (50:50) of spray-dried drug
microparticles with spray-dried excipient (mannitol-lecithin) microparticles were agglomerated by (1)
vibration of the blend on a sieve stack (106 and 850 µm sieve’s mesh size) or (2) tumbling of the blends in a
100-ml glass pan with deflected wall. Drug content (HPLC), particle size and size distribution (laser
diffraction), solid state properties (DSC, PXRD), morphology (SEM) and in vitro drug transport across rabbit
nasal mucosa (Franz cells, 4 h experiment) were evaluated for both microparticles and agglomerates. Plasma
and brain pharmacokinetic of flurbiprofen in rats after nasal administration of Nano spray-dried flurbiprofen
sodium microparticles (6 mg dose as flurbiprofen acid) and agglomerates thereof with excipient microparticles
(3 mg dose as acid) were determined in comparison with intravenous (i.v.) administration of a drug’s aqueous
solution (4.5 mg as acid). UDS powder insufflator (Aptar) was employed as device for nasal powder delivery.
Results. The spray dryer equipment influenced the physico-chemical characteristics of the dried product and
process yield. For the microparticles, smaller particle size and narrower size distribution as well as higher
yields were obtained with the Nano spray drier. Agglomerates had a lower flurbiprofen sodium content (1547%) compared to the theoretical value (50%) due to partial de-mixing of the blend during the agglomeration.
The spray dryer also influenced the capability of microparticles to form the agglomerates, while the
agglomeration method impacted on the yield. In vitro drug transport across rabbit nasal mucosa from was
superimposable for the microparticles and the agglomerates (around 5 mg drug permeated per cm2 tissue after
4 h). In vivo, UDS device delivered efficiently both nasal powders, but with higher performance when
combined with the agglomerates (emitted powder: 66 ± 10% and 83 ± 4% for microparticles and agglomerates,
respectively). The administration of nasal powders (microparticles and agglomerates) resulted into rapid drug
absorption (plasma Cmax within the first 10 min after administration) and enhanced drug transport to the brain
compared to i.v. injection (1.2 ± 0.2 and 0.8 ± 0.2 µg flurbiprofen as acid/g tissue for microparticles and
agglomerates, respectively; 0.63 ± 0.06 µg flurbiprofen as acid/g tissue for i.v. solution).
Conclusions. Agglomerates improved powder handling and dosing without affecting the in vitro
biopharmaceutical behaviour of flurbiprofen compared to the primary drug microparticles. Combination of
agglomerates containing flurbiprofen with a second active substance (insulin) in powder form for nasal
administration is under investigation aiming a multi-target drug approach in Alzheimer’s disease.
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Cyclosporine A (CyA) is a cyclic undecapeptide with an immunosuppressive activity approved for the
topical treatment of several immune-mediated ocular surface disorders such as the sever Dry Eye
Syndrome (DES). Its high molecular weight, low water solubility and high lipophilicity makes the
ocular bioavailability and the development of an ophthalmic formulation of CyA a real challenge. The
only approved European marketed formulation for a “once a day” administration for treatment of DES
is Ikervis®, a nanoemulsion containing 1mg/mL of CyA [1]. Nanoemulsions could present some
disadvantages related to the stability, ocular irritation, and pharmacokinetics issues [2]. Aim of the
present study was to evaluate a combined strategy comprising nanomicelles based on non-ionic
surfactants and the addition of hyaluronic acid (HA) as mucoadhesive polymer to improve the ocular
bioavailability of poorly soluble CyA. Different nanomicellar formulations were prepared changing
the percentage of total surfactants (Vitamin E-TPGS:Octoxynol-40, 2.25:1) and HA. In this study, we
selected full-factorial DOE to screen essential independent factors for outcomes CyA entrapment, size,
and critical micellar concentration (CMC). The promising nanomicellar preparation, Nano1HAB-CyA
(0.1%w/w of CyA and 1%w/w of total surfactants), was evaluated in term of cytotoxicity, ocular
biocompatibility (pH and osmolality), cloud point, regeneration time, and short chemical stability
(until 3 months at 4 and 20 °C). To investigate the possible interaction among formulation
components, an ATR-FTIR analysis was carried out on raw materials (CyA, HA, Vitamin E-TPGS,
Octoxynol-40) and freeze-dried Nano1HAB-CyA. In vitro drug release profile of Nano1HAB-CyA was
assessed at 32°C by using the dialysis method; an ethanolic solution of CyA (0.1%w/w) was used as
reference. Moreover, ex vivo permeation studies were carried out on excised scleral tissue of New
Zealand rabbit eyes; the ability of the nanomicelles both to permeate through and penetrate into the
scleral barrier was determined; furthermore, the presence of fluorescein labelled nanomicelles
(Nano1HABFITC-CyA) into the cornea and sclera was verified by histological analysis. Finally, the in
vivo pharmacokinetic of the formulation in the tear fluid of New Zealand rabbits was evaluated by
using appropriate references (CyA emulsion and nanomicelles without HA).
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Study of formulation and critical compression parameters of Ibuprofen/Sucralfate
three-layer tablets
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Purpose:
Multi-layer tablets (MLT) are designed for the manufacturing of fixed-dose combination products
that simplify the m
 edication regimen and potentially increase the patient’s compliance. MLT are
heterogeneous systems in which two layers of compacted powders are separated between them by
a discrete interface. The hardness and the delamination tendency of MLT depend not only on the
layer composition but also on the deformation property of each layer during tableting.
Methods:
Tablets were made with different sucralfate formulations and, by using a compression simulator,
it was possible to study the critical parameters involved in the compression process. Based on an
experimental design, ten formulations for the two layers of sucralfate have been manufactured,
which differ for the percentage of mycrocristalline cellulose, partially pregelatinized starch and
lactose but not in the content of the active ingredient (ibuprofen). TLT were manufactured using a
Styl’One Evolution Rotary Tablet Press Simulator (Medelpharm, France). This apparatus is a
single punch tableting press, in which the displacements of the lower and upper punches are
electronically controlled. The tablets were produced using oblong Euro D punches (17.50 x 8.50
mm), at different pre-compression force (0, 2 and 4 kN) and compression forces (10, 20 and 30
kN). The compaction process was performed using Advanced Analysis Software.
Results:
From the analysis of critical compression parameters, for all sucralfate formulations the plastic
energy raised as the applied compression force increased. The TLT with the sucralfate layers
containing pregelatinized starch, elastic material, showed higher ejection energy, compared to the
formulations with microcrystalline cellulose, plastic material, and/or lactose, brittle material. In
presence of pregelatinized starch, when the force exerted from the upper punch is removed in the
phase of TLT ejection from the die, the friction radial forces increased since the tablet tends to
expand in the die and then the ejection energy augmented. Moreover, the sucralfate layers
containing microcrystalline cellulose, exhibited a greater tendency to layer separation, due to a
reduced interfacial strength between sucralfate and ibuprofen layers. The addition of lactose to the
sucralfate formulation was beneficial for the layer adhesion during the manufacturing of the TLT.
Conclusions:
The presence of microcrystalline cellulose, lactose and pregelatinized starch in the sucralfate
layers can affect, in different manner, the critical parameters of the manufacturing of
ibuprofen/sucralfate three-layer tablets.

A LIPOSOMAL FORMULATION FOR INFLAMMATION TARGETING
Giorgia Ailuno1, Karthik Neduri1, Guendalina Zuccari1, Sara Baldassari1, Adriana Bajetto2, Federica
Barbieri2,3, Tullio Florio2,3, Gabriele Caviglioli1
1
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2
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3
CEBR, University of Genova, Italy
ailuno@difar.unige.it
Inflammation is a pathological condition leading to different diseases including, among others, atherosclerosis,
neurodegenerative diseases and cancer [1, 2, 3, 4]. Glioblastoma is the most frequent brain tumor (69% of all
incident cases of astrocytic and oligodendroglial tumors) [5]. Glioblastoma cells overexpress VCAM-1 (vascular
cell adhesion molecule 1), a membrane protein considered an inflammation marker, being involved in the process
of leukocyte transmigration across activated endothelial walls.
We developed a new liposomal system targeting VCAM-1 through a three-step pretargeting involving NAMP, a
previously synthesized biotin derivative linked to a VCAM-1 binding peptide. This molecule has been conceived
to be administered parenterally, followed by injection of avidin, to exploit the biotin-avidin high affinity complex;
the pretargeting will be achieved by final administration of biotinylated liposomes.
Biotinylated stealth liposomes were prepared by the thin film hydration method. After extrusion through
polycarbonate filters, we determined the size of liposomes using PCS (photon correlation spectroscopy) and their
zeta potential through electrophoretic mobility by laser Doppler micro-electrophoresis. The liposomal suspension
was purified by gel filtration on a Sephadex G-50 column.
The same formulation including CM-DiI fluorescent dye was tested in vitro on human glioblastoma cell cultures
isolated from postsurgical specimens, applying the three-step protocol; control cells were treated only with
biotinylated liposomes. By live confocal fluorescence microscopy, we observed a preferential interaction of the
biotinylated liposomes with the membranes of those cells previously treated with NAMP and avidin.
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PRODUCTION AND IDENTIFICATION OF MANNITOL POLYMORPHS FOR USE
IN DPI FORMULATION
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The aim of this study was to obtain different polymorphs of mannitol in kinetically stable form and to
investigate their solid-state and physico-chemical properties in view of its use in dry powder inhalers
as a carrier alternative to lactose.
The hydrate and β forms were produced by freeze-drying a solution of either Pearlitol® 200SD or
Pearlitol® 160C in deionized water at the concentrations of 4 % or 18 % w/v. The α form was prepared
by seeding and rapid cooling of a Pearlitol® 200SD (0.8% w/v) solution in methanol in presence of
poly (vinyl alcohol) (PVA) (from 0.5 to 2 % w/w of mannitol). The δ form was obtained by modifying
the method proposed by Cares-Pacheco et al. [1] and Vanhoorne et al. [2], namely, by crystallization
of an aqueous mannitol solution (18% w/v) in presence of PVP K30 at from 0.5 to 4% w/w of
mannitol using acetone as antisolvent.
The solid state and physical characteristics of the mannitol solid phases were assessed by X-Ray
diffraction on powders, differential scanning calorimetry (DSC), scanning electron microscopy and
hot stage microscopy.
The obtained mannitol solid phases were unambiguously identified by comparing their X-Ray
diffraction patterns with those obtained from the Cambridge Crystallographic Database.
The hydrate form of mannitol was obtained by freeze-drying with lower drying compared to the
production technique of β form. However, this form proved to be not enough kinetically stable and
rapidly converted into the stable β form. The possibility to obtain pure and kinetically stable δ form
was investigated by changing the concentration of PVP in the mannitol solution in order to minimize
the polymer concentration. The best results were obtained with 1% PVP. The kinetically stable α form
was obtained with 2% PVA. The DSC analysis afforded melting peaks for δ mannitol, α and β
mannitol at the onset temperature of 155.4 ± 0.4 oC, 164.4 ± 0.1 oC and 165.2 ± 0.5 oC respectively.
We concluded that pure metastable polymorphs of mannitol can be obtained in kinetically stable form
by adding small amounts of stabilizing polymers such as PVA and PVP. The isolation of pure
mannitol crystal phases is the starting point and the condition sine qua non to prepare DPIs with
different mannitol polymorphs as carrier and to investigate the effect of mannitol solid state properties
on drug aerosolization performances.
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MANNOSE-TARGETED CATIONIC GLYCOPOLYMERS AS NEW
TOOL FOR OLIGONUCLEOTIDES-BASED IMMUNOTHERAPY
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Tumor immunology is changing the landscape of modern medicine and anticancer therapy, ranging
from tumor antigenic peptides to nucleic acids treatments. In particular, Reversible Addition
Fragmentation chain Transfer (RAFT) polymerization [1] was exploited here for the synthesis of a
small library of diblock copolymers aimed to deliver oligonucleotides (ONs) to dendritic cells and to
trigger the immune response and memory against cancer. These novel materials were designed with a
poly-cationic agmatine acrylamide block to condense ONs and with a glycopolymer block to actively
and selectively target Mannose Receptor (MR) on immune cells [2]. Importantly, the system will also
provide nucleic acid protection against fast degradation, minimizing its interactions with extracellular
nucleases.
Three cationic block copolymers (Man15-b-Agm12, Man29-b-Agm25 and Man59-b-Agm45) were obtained
by fast RAFT polymerization using Agmatine acrylamide (Agm) and D-Mannose acrylate (Man) as
monomers. Polymers were generated with same ratio of monomers and increasing length to select the
one that ensure suitable loading, stability, delivery. GPC analysis on glycopolymers confirmed their
narrow molecular weight distribution, with a polydispersity of 1.13, 1.43 and 1.29, respectively.
Glycopolyplexes (GPPs) were obtained incubating each block co-polymer with a 19-base ssDNA,
used as model oligonucleotide. The optimum N/P ratio to achieve complete ssDNA complexation was
evaluated by gel electrophoresis. A complete DNA complexation occurred also in presence of
physiological concentration of heparin at N/P ratios higher than 10, 5 and 3 for Man15-b-Agm12,
Man29-b-Agm25 and Man59-b-Agm45, respectively. Furthermore, DLS and TEM characterization
confirmed the formation of GPPs with narrow size distribution in the range of 25-45 nm, depending on
the polymer size. Finally, flow cytometric studies revealed a remarkably high and specific recognition
by mannose receptor expressing cells (CHO-MR) for Man15-b-Agm12 and Man29-b-Agm25 polyplexes
with negligible internalization by cells that do not express the receptor (CHO). Man58-b-Agm45 GPPs
showed 2-folds higher internalization in CHO-MR cells as compared to control cells.
Confocal studies are ongoing to investigate cell uptake and endosomal escape of the GPPs thus
favoring expression of antigens.
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NOVEL ALBUMIN-BASED NANOPARTICLES AS NEW PLATFORM
FOR CANCER DRUG DELIVERY
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Resistance to chemotherapy is a major problem that limits the effectiveness of a successful treatment
of cancer. Tumors may be intrinsically resistant to one or more anticancer drugs or be initially
sensitive to them and acquire the resistance after repeated treatments. The anthracycline doxorubicin
(DOXO) is an antineoplastic agent used in the treatment of a wide range of cancers, such as multiple
myeloma, lung, ovarian, gastric, thyroid, breast, sarcoma, and pediatric cancer. In addition to
cardiovascular side effects, DOXO can also cause resistance, in a mechanism that involves cellular
transporters. For this reason, new approaches to overcome DOXO resistance has been the focus of
extensive research. Albumin-based nanoparticles represent an ideal nanocarrier system because of its
drug-loading capacity, biocompatibility, high availability, easy purification mechanism and low cost.
Besides, this advanced drug delivery system can interact with both hydrophobic and hydrophilic
therapeutic molecules, provide controlled release of drug and be easy modified due to the presence of
functionally charged surface groups.
In this work, DOXO-loaded bovine serum albumin-based nanoparticles were prepared by a
coacervation method. Glycol chitosan coated (GC DOXO-NP) and un-coated (DOXO-NP)
formulations were prepared and compared. The formulations were characterized measuring the size,
the polydispersity index and the zeta potential by laser light scattering. Transmission electron
microscopy (TEM) was used for studying the nanoparticles morphology. The formulation stability was
confirmed in short and long term. All the formulations showed a size of about 300 nm. DOXO was
encapsulated in a great extent and was released from the nanoparticles with a prolonged in vitro
release kinetics. Biological assays were performed on A2780 res, an ovarian cancer cell line resistance
for DOXO. Cell viability assay (MTT test) was carried out and the nanoparticles showed an higher
cytotoxicity than the free drug after 24 and 48 hours of incubation. Moreover, clonogenic assay
showed that GC DOXO-NP and DOXO-NP reduced in a remarkable manner the proliferation of cells.
In conclusion, the cell uptake of the different DOXO-NP formulations was evaluated by confocal
microscopy.
Resistance to chemotherapy limits the effectiveness of anti-cancer drug treatment. Since DOXO-NPs
showed a significant cytotoxicity on a cell line resistance for DOXO, they might represent a novel
approach to overcome it and improve the efficacy of cancer therapy.
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Nanoprecipitation is a straightforward, rapid and easy to perform technique which allows the production of
small and homogeneous nanoparticles (NPs) in which a wide range of preformed polymers can be used [1].
This technique is mostly suitable for hydrophobic compounds thus the encapsulation of hydrophilic
molecules is limited. Berberine chloride (BBR, selected as hydrophilic drug) is a quaternary ammonium salt
isolated from a variety of Chinese herbs, which exhibits many pharmacological actions such as anti-tumor
effect [2]. Although BBR has many beneficial properties there are certain limitations in its clinical
applications, such as its poor bioavailability and several risk of adverse reactions, thus nanoformulations of
BBR could help in enhancing its use in the pharmaceutical field [3]. During development of
nanoformulations, different variables in the process can affect the properties of NPs. Testing numerous
factors to obtain the best formulation condition is tedious, time consuming and often leads to confounding
results. The design of experiments is a very useful tool for finding the best experimental condition, reducing
the number of experiments and providing a reliable interpretation of the results [4]. The present work focuses
on critical parameters of the nanoprecipitation procedure to obtain PLGA-PEG NPs having suitable physicochemical properties to encapsulate BBR. For this purpose, with the help of D-Optimal Response Surface
Methodology (RMS) design the polymer concentration and the organic to aqueous phase ratio were studied
at 3 different levels (independent variables) on NPs size (Z-Ave), polydispersity (PDI) and zeta potential
(ZP) (dependent variables). The optimized NPs loaded with BBR, were homogenous with mean size less
than 200 nm, a negative surface charge (similar values compared to the unloaded NPs) and showed a good
encapsulation efficiency. BBR was found in an amorphous phase within the NPs system as revealed by
thermal analysis. Considering the good correlation between observed and predicted results we can claim that
RSM is a successful tool to design new pharmaceutical formulations with the least number of experiments
and to interpret experimental data.
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Red grape pomace extract loaded in soluble fibre-enriched liposomes
as prebiotic and antioxidant system for intestinal protection
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In this work, we combined the antioxidant effect of grape pomace extract (in ethanol/propylene
glycol) with the prebiotic effect of a soluble fibre in phospholipid vesicles [1]. The soluble fibre
Nutriose FM06 was used at different concentrations (20, 40 and 60% w/v), and liposomes
without fiber were used as a reference. The aim of the study was to obtain grape-loaded soluble
fibre-enriched liposomes, namely grape nutriosomes, and test their efficacy on intestinal
protection [2]. The vesicles were prepared by direct sonication and were fully characterized
observing the morphology and structure by cryo-TEM, estimating size, zeta potential by a
Zetasizer nano, and the entrapment efficiency by measuring the antioxidant activity of the
dispersions with the DPPH assay. The average diameter of nutriosomes was around 150 nm,
with polydispersity index around 0.13, and highly negative zeta potential (~-79±7 mV). The
entrapment efficiency was around 88±11%. The vesicles were stable, as the size and zeta
potential remained unchanged during six months of storage at 25°C.
Size, zeta potential and entrapment efficiency were also measured in acidic (pH 2) and basic
(pH 7) environment after 2 and 6 h, respectively, to determine both the stability and the ability
of the formulations to retain the extract. After 2 h at pH 2, the mean diameter of nutriosomes
increased up to 496±121 nm, and they were able to retain 84±7% of the incorporated extract.
After 6 h at pH 7, the mean diameter of nutriosomes was unchanged, but they slowly released
the incorporated extract (59±9%). The results disclosed the ability of nutriosomes to protect the
extract from the acidic environment of the stomach, favouring the controlled release in the
intestine were the extract and the pre-biotic fiber are expected to exert their beneficial
activities.neficial efficacy of the grape nutriosomes was tested against oxidative stress induced
by hydrogen peroxide in Caco2 cells. All the formulations tested showed high biocompatibility
and protective effect against hydrogen peroxide damage. Overall results confirmed the suitable
application of grape nutriosomes in intestinal protection.
References
[1] Viladomiu M, Hontecillas R, Yuan L, Lu P, Bassaganya-Riera J. Nutritional protective
mechanisms against gut inflammation. J Nutr Biochem. 2013; 24: 929- 939.
[2] M. Manconi, F. Marongiu, M.L. Manca, C. Caddeo, G. Sarais, C. Cencetti, et al.,
Nanoincorporation of bioactive compounds from red grape pomaces: In vitro and ex vivo
evaluation of antioxidant activity, Int. J. Pharm. 523 (2017).
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Microfluidics is a new and emerging science and technology field, its first major application in
nanomedicine was the improvement of the quality of NPs synthesis through the control of the reaction
environment. Microfluidic reactors enable rapid mixing of reagents, control of temperature, and
precise spatiotemporal manipulation of reactions that are difficult, if not impossible, in larger reactors
[1]. In microfluidic NP synthesis, physicochemical properties of NPs, which are strictly correlate to
their in vitro/ in vivo fate, could be precisely controlled in a reproducible manner [2].
The aim of this work is to investigate the in vitro performance of hyaluronic acid / chitosan based
nanogels (HA/CS NPs) and how the preparation technique could improve the nanosystems in vitro
behavior. HA should permit a CD44 targeting because it is the natural ligand for CD44 that is
significantly expressed in various cellular population as mesenchymal and cancer cells. NPs were
loaded with Everolimus (EVE), drug widely used in cancer therapy because of its ability to reduce cell
proliferation. NPs were prepared using NanoAssemblrTM platform composed by a microfluidic device
with a microchannel characterized by a staggered herringbone structure. HA/CS NPs presented mean
size of 159.00 ± 7.28 nm (PDI= 0.306 ± 0.053) and negative surface charge (- 20.85 ± 3.16 mV). TEM
analysis revealed spherical NPs. EVE encapsulation was of 88.12 ± 20.76 μg EVE/mg NPs
(EE%=54.56 ± 7.45). Cell viability, evaluated by MTT assay, confirmed the excellent
biocompatibility of the placebo NPs. Anti-proliferative effect of EVE loaded NPs was tested by
bromodeossiuridine assay on two different cell types: mesenchymal cells from ovarian follicle and
mesenchymal cells from bone marrow. Both were characterized as CD44 overexpressing cells. HA/CS
NPs and cells were incubated together for 30 min, 1.5 h and 4h. Untreated cells, EVE solution and
placebo HA/CS NPs were used as control. EVE effect resulted to be cell line dependent nevertheless
an important decrease in proliferation comparable to EVE solution was observed after 4 hours of
incubation with EVE loaded NPs, when cell proliferation was about 1%, for all cell line. NPs uptake
studies are still in progress.
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BIOMEDICAL APPLICATIONS
Laura Di Muzio1, Jordan Trilli1, Martina Nardoni1, Settimio Pacelli2, Stefania Petralito1, Patrizia
Paolicelli1, Maria Antonietta Casadei1
1

Department of Drug Chemistry and Technologies, Sapienza University of Rome, Italy

2

Department of Chemical and Petroleum Engineering, School of Engineering, University of Kansas
laura.dimuzio@uniroma1.it

In this work, chondroitin-4-sulphate (CS) was used to prepare novel chemical hydrogels and implantable
scaffolds with potential application in biomedical and pharmaceutical fields. CS is a glycosaminoglycan
found in articular cartilage and connective tissue which contributes to maintain the structural integrity of
cartilage and improves tissue regeneration. These features make CS an ideal candidate to fabricate novel
biomaterials for tissue engineering applications [1]. The aim of the study was to synthesize and characterize
methacrylated CS (CS-MA) able to form chemical hydrogels as suitable scaffolds for cartilage regeneration
and protein delivery. CS-MA was synthesized reacting a CS-tetrabuthylammonium salt (CS:TBA) with
glycidyl methacrylate in the presence of 4(N,N-dimethylamino)pyridine (4-DMAP) [2]. The reaction was
carried out under different experimental conditions changing the molar ratio among the reagents and the
exchange degree of CS:TBA to investigate the effect of these parameters on the derivatization degree (DD%)
of CS-MA. The obtained derivatives were characterized by FT-IR, 1 H- and 13
 C-NMR. FT-IR spectra

evidenced the successful incorporation of methacrylate groups, which was further confirmed by the presence
of the signals corresponding to the vinyl protons of MA in 1 H-NMR spectra. 1 H-NMR was also used to

calculate the DD% of CS-MA employing nicotinamide as internal standard. A linear relationship was found
between the molar ratio of the reagents used and the obtained DD%, which can be finely tuned by
opportunely setting the reaction conditions. 1 H- and 13
 C-NMR spectra also reveal that the reaction proceed
via a double mechanism: transesterification and epoxide ring-opening [3]. So, a deeper structural
characterization of

CS-MA was carried out using HSQC, HMBC and COSY to confirm the double

mechanism and to investigate if the reaction occurs on both primary and secondary OH groups of CS.
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The disadvantages of traditional topical formulations, as short residence times, the impossibility to
provide an adequate environment at the wound bed and the production of peritoneal trauma when
removed are driving the search for advanced formulations that tackle this problems, specially when it
comes to the healing of acute or chronic wounds [1, 2]. Non-steroidal anti-inflammatory drugs
(NSAIDs) are among the most frequently medications used worldwide and, in the case of pain
management, its use is associated with a lower presence of inflammatory cytokines thus contributing
to a more favorable inflammatory response, leading to successful wound healing, but the
bioavailability of such kind of drugs has been compromised due to the lower dissolution rate [3]. For
this reason, in the present work we proposed a new topical formulation based on a highly porous
polysaccharide-based matrix able to absorb a great amount of exudates from wounds and able to
control the release NSAIDs directly to the wound site by controlling gel properties. Gel capsules,
formed by an alginate shell and an o/w/o emulsion core containing 5%, 10% and 20% (w/w) of
ketoprofen lysinate (KL), solubilized in the aqueous phase of the emulsion, were manufactured by
prilling technique in co-axial mode. Supercritical drying was carried out in an autoclave at 40ºC and at
125 bar using a constant flow of CO2 for the removal of the oily phase from the gel capsules thus
obtaining the corresponding aerogel capsules with very low densities and a high porosity. Textural
properties of aerogel capsules were studied: values of specific surface area, pore volume and pore
density were in the expected range for this kind of materials, that are presented as an alternative
solution to the drawbacks of traditional topical formulations.
References
[1] Boateng. J, Matthews K, Stevens H, Eccleston G. Wound healing dressings and drug delivery
systems: A review. Journal of Pharmaceutical Sciences. 8, 97, 2892-2923, 2008.
[2] Boateng J, Catanzano O. Advanced therapeutic dressings for effective wound healing: A review.
Journal of Pharmaceutical Sciences, 11, 104, 3653-3680, 2015.
[3] Badria W, Miladia K, Nazarib Q, Greige-Gergesc H, Fessia H, Elaissaria A. Encapsulation of
NSAIDs for inflammation management: Overview, progress, challenges and prospects. International
Journal of Pharmaceutics, 515, 757-773, 2016.

UP-CICLYING OF HAZELNUT BY PRODUCT IN A NEW
FUNCTIONAL SPRAY DRIED POWDER
Tiziana Esposito1, Francesca Sansone2, Teresa Mencherini2, Rita Patrizia Aquino2
1
Department of Pharmacy and PhD Programme in Drug Discovery and Development,
University of Salerno
2
Department of Pharmacy, University of Salerno
tesposito@unisa.it
A large volume of waste and by-products are generated by agro-industrial processing. In recent years,
scientific research has shown greater interest in the recovery of their functional and nutritional
components, improving them from waste to bioactive resources for health or food products. Hazelnut
(Corylus avellana L.) skins and shells are the main by-products of the kernel industry processing [1]. In
a previous work, a shell polar extract (HSE) was produced and its chemical investigation led to the
isolation and characterization of different classes of phenolic compounds, including neolignans, and a
diarylheptanoid, which contribute to a high total polyphenol content expressed as gallic acid equivalents.
HSE showed a significant scavenging activity in vitro against the radical DPPH and an inhibitory effect
on human melanoma and cervical cell lines, inducing apoptosis by caspase-3 activation [2].
Technological procedures can convert the dried extracts into higher-value, concentrated and easily
transportable products with a long-lasting shelf life [3]. Thus, in this work, a spray drying powder
loading HSE, was produced. HSE was encapsulated in a tandem polymeric matrix based on L-proline
(P) as loading carrier, Hydroxyethylcellulose (HEC) and Pectin as additional coating co-polymers.

Moreover, in order to improve the solubility of HSE raw material, lecithin (L) and ethanol were
used in the feed suspension. The polymeric phase concentration selected and the hot-cold-hot method
used led to satisfactory results, showing a high loading efficiency (LE) (95%). Particles resulted well

formed and free of fractures with unaltered antiradical activity, and an improved in vitro water
dissolution profile. The thermal analysis confirmed that HSE well interacts with the polymeric matrix
in the particles formation. The developed method seems to be suitable to transform HSE raw material
in a stable powder to be enclosed in a topical or oral dosage form as chemopreventive and antioxidant
ingredient.
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The aim of the present work is the comparison between different nanocarriers, such as nanoemulsions
(NEs) and niosomes by Brij®72 (Polyoxyethylene Stearyl Ether), for the topical delivery of active
compounds. Brij®72 seems to be able to increase drug residence time in the stratum corneum (SC),
limiting transdermal permeation [1]. In order to evaluate the drug loading capacity of both
formulations, a hydrophobic model drug was used. All formulations were extensively characterized in
terms of size, ζ-potential and drug entrapment efficiency (EE %) [2, 3]. Furthermore, stability studies
were carried out over time at two different storage temperatures (4°C and 25°C). The shape and the
surface morphology of all samples were also investigated using Atomic Force Microscopy (AFM) and
Small-Angle X-ray Scattering (SAXS) [4]. Differences in terms of fluidity, microviscosity and
polarity of the non-polar phase between niosomes and nanoemulsions were investigated.
From the obtained results, all formulations have suitable dimensions for topical delivery [5], but NEs
show a higher drug EE% than niosomes. Further studies will be carried out in order to confirm that
NEs could be a promising drug delivery systems for the treatment of skin diseases.
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Abstract
Olanzapine (OLZ) is an effective atypical antipsychotic drug with an acceptable safety profile widely used in
the treatment of psychiatric disorders. The administration as orodispersible tablets meets the patients’
preferences improving the medication adherence [1]. However, this drug presents some formulative issues
due to the conversion into different polymorphic and pseudopolymorphic forms as a function of the
preparation process and in presence of water [2]. This feature is particularly relevant in the design OLZ
loaded orodispersible films (ODF) which represent a valuable alternative to orodispersible tables [3]. ODF
are generally manufactured by hot-melt extrusion or solvent-casting.
In this preliminary study, the feasibility to prepare OLZ loaded ODF by a water-based process was
investigated. In particular, ODF were obtained by laminating and casting an aqueous dispersion of OLZ and
maltodextrins (MDX) plasticized with glycerol and dried by a solvent casting technique in order to obtain the
theorical drug content of 10 mg per 6 cm2 ODF. ODF were characterized in terms of disintegration time and
dissolution profile in deionized water and phosphate buffer pH 6. The solid-state of OLZ loaded ODF was
studied using X-ray diffraction (XRP) and ATR-FTIR spectroscopy. ODF visually appeared homogeneous
with smooth surface and yellow colored due to the presence of olanzapine. They were easy-to-handle and
easy-to-cut into desired dimensions without cracks. The film thickness was about 140±4.5 μm. The
disintegration time was about 40 s, complying the requirements of Ph. Eur. monograph. An erratic drug
release pattern was observed during the in vitro dissolution of ODF with a concomitant formation of a
yellow precipitate after 3 min. XRD patterns of OLZ loaded into ODF evidenced the phase conversion from
anhydrous form into dihydrate one. This feature was in line with a variation in ATR-FTIR spectra since a
shift in the stretching bands of CN group of OLZ loaded in films was evident with respect the pure drug.
Overall data suggested that OLZ undergoes to phase transition after solvent casting compromising the
biopharmaceutical performances due to its variation in solubility. Hence, a solvent-free preparation process
or different excipients must be evaluated to avoid the variation in OLZ solid-state.
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From the 50s to today a continuous and growing development of microencapsulation technology has taken
place. The prilling is one of the most important methods for the production of innovative pharmaceutical
forms, now widely used in a large number of industrial sectors: food, agricultural, textile, cosmetic and
pharmaceutical. The use of particle systems allows to modify and improve the morphological-structural
characteristics and the chemical-physical properties of a substance. Prilling allows to obtain homogeneous
microcapsules in terms of size, characterized by high encapsulation efficiency [1]. Prilling technique is based
on breaking a laminar flow of a liquid, which is separated into single-dimensional drops by a mechanical
vibration applied to a nozzle where a solution or emulsion comes out [2]. The aim of this study is the
production of solid alginate (ALG) based poli-nucleate microparticles from vegetable oils using the prilling
technology which in turn by using a drying process are giving pellets as solid dosage forms of oils.
For this purpose, we selected vegetable oil with high concentration of fatty acids and phytosterols that
possess a marked anti-inflammatory and antiandrogenic activity, potentially efficient in the management of
benign prostatic hyperplasia (BPH). The microcapsules were characterized in terms of yield, size, efficiency
of encapsulation, and swelling studies. The encapsulation of the oil makes it possible to mask its taste and
smell, to increase its stability, obtaining a product with a high total fatty acid content compared to those
present on the market today.
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Introduction: my doctoral research project is focused on the design of an oral colon delivery system based on
a combined formulation strategy, which would be intended to overcome the limitations of approaches relying
on single physiological characteristics of the intestine and affected by the relevant intra- and inter-subject
variability. The system proposed comprises a drug core, an inner swellable/erodible polymer layer and an outer
film composed of blended enteric soluble polymer and microbially-degraded polysaccharide acting as a colonselective pore-former. In this part of the work, the use of various naturally-occurring polysaccharides as
potential colon degradable excipients was explored.
Methods: aqueous or hydro-alcoholic coating dispersions were based on Eudragit®S in admixture with highamylose starch (Amylo N460), pectin (Aglupectin HS-RP), chondroitin sulphate sodium (ScanDroitin) and/or
chitosan (7:3 solid weight ratio). Triethyl citrate and glyceryl monostearate were employed as a plasticizer and
an anti-tacking agent. Minitablets (4mm), as such or coated with hydroxypropyl methylcellulose (HPMC,
Methocel®E50, 100-270μm coat thickness), “0” hard-gelatin capsules and hydroxypropyl cellulose (HPC,
KlucelTMLF) molded capsular devices (600μm shell thickness), all containing acetaminophen as a drug tracer
(30mg), were used as cores. Minitablets were coated by fluid bed, whereas gelatin as well as HPC capsules
were pan-coated. Coated systems were oven-cured at 35° or 40°C for 24, 48 or 72h. Release tests (n=3) were
carried out at t=0 and after storage under ambient or 40±2°C/75±5 RH conditions by USP39 apparatus 2 in
0.1N HCl for 2 h and then phosphate buffer pH 7.4 (800mL) at 37±0.5°C and 100rpm (UV assay at 248nm).
Results: film-coating of minitablets was successfully performed with each Eudragit®S mixture with the
investigated polysaccharides. In the case of the coating system containing Amylo N460, the process was also
carried out using gelatin and HPC capsules as cores, after adjustment of operating and formulation parameters.
The applied films showed gastroresistance properties depending on thickness, except for the chondroitin
sulphate-containing one. After pH change, pulsatile release profiles were obtained, with more extended lag
phases from systems based on HPMC-coated minitablet or HPC capsule cores. The performance of Amylo
N460-containing systems turned out consistent when release studies were repeated after storage both at
ambient and accelerated conditions.
Conclusion: all investigated polysaccharides were proved suitable for incorporation into Eudragit®S films,
which were applied to different substrates by spray-coating leading to the desired release pattern. Physical
stability studies are ongoing for each formulation obtained, and the relevant release performance will also be
investigated by the use of simulated colonic fluid of proper composition in order to evaluate the role of
microbiota.
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Background. Silk sericin (SS), a glue-like and hydrophilic protein, was considered for many years a waste
product in textile industry. Recently, SS was proposed and studied for pharmaceutical applications thanks to its
biological properties, biocompatibility, biodegradability and non-immunogenicity; in drug delivery field, SS can
be used as a biopolymer for nanostructured device formulation [1]. The aim of this work is to develop selfassembled SS-based nanosystems able to load both of hydrophilic and hydrophobic drugs, without the use of
cytotoxic crosslinking agents. Methods. Sericin nanoparticles (SNPs) were obtained by self-assembly technique,
using poloxamer (P) as stabilizer [2]. SNPs had been loaded with two model drugs: curcumin (C), a hydrophobic
compound with different biological properties, and rhodamine B (R), a hydrophilic model molecule. SS, P and
selected drug (at the concentration of 0.05 and 0.5 mg/ml for C; 0.05 mg/ml for R) were dispersed in DMSO;
obtained suspension was added to aqueous solution under magnetic stirring. SNPs suspensions were dialyzed
against water (12-14 kDa) to remove solvent and unreacted compounds, and then freeze-dried. SNPs were
finally characterized in terms of drug loading, particle size distribution (nanoparticle tracking analysis),
morphology (SEM), and physico-chemical properties (FTIR, DSC). Results. C loading was positively correlated
to the drug concentration used during the SNPs preparation, ranging between 0.01 and 0.6 % w/w; the R loading
was 0.002 % w/w. SNPs mean particle size distribution was 137.08±36.64 nm, without differences between
loaded and unloaded nanosystems. SEM images demonstrated a partially aggregation of SNPs, which appeared
rounded and pretty regular shape. SS and P presence in SNPs was confirmed by FTIR and DSC. FTIR spectra
presented SS peaks of amide I, amide II and amide III at 1657, 1537 and 1200 cm-1, respectively. P peaks were
in the region of non-ionic surfactants at about 1100 cm-1, at 3200-3500 cm-1 and at 2820-2980 cm-1. For loaded
SNPs, IR spectra did not detect the presence of rhodamine, probably due to the very low drug content, while
showed a peak at 1513 cm-1 which could be attributed at the presence of the curcumin. Thermal analysis showed
two endothermic peaks: one of poloxamer fusion (56.28°C, ΔHm= 118.2 J g-1) and a SS decomposition peak
(390°C, ΔHm= 296 J g-1). Conclusions. We demonstrated a good correlation in SNPs particle size distribution,
and morphology; whereas improvement on drug loading technique are to be further investigated to achieve an
effective drug delivery carrier for pharmaceutical applications.
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In the last few years, the use of press coating technique has achieved huge increase for the formulation
of modified release systems such as chronotherapeutic and colon targeting drug delivery systems [1].
The press coating technique is a simple technology used to provide tablets with a programmable lag
phase, followed by a fast or sustained drug release after administration. The immediate-release core is
coated with a layer of polymeric material that can dissolve, erode or swell in an aqueous environment.
The information currently available on the press coating tablets is mostly on the drug release kinetic of
the formulations, while there are no information about the influence of the characteristics of the inner
core on the mechanical properties of the final tablet.
This study analyse the effect of the inner core mechanical and rheological properties on the presscoated tablets, taking into consideration the compaction mechanism, the plasticity of the materials and
the porosity of the cores. For the preparation of the inner cores four different materials were selected,
between those commonly used in direct compression, according to their specifically compaction
behaviour as reported by Roopwani and Buckner [2]. Microcristalline cellulose (MCC) and
hypromellose (HPMC) were chosen as model of soft, plastic materials, α Lactose monohydrate (LAC)
as model of moderately hard, brittle material and dicalcium phosphate dehydrate (PDC) as model of
hard, brittle material. Inner cores composed of the selected materials were prepared at different
porosity and analysed in term of mechanical resistance and rheological behaviour (Dynamic
Mechanical Analysis). All the inner cores were used to prepared press-coated tablets at different
compaction pressure using HPMC as model compound for the outer layer. It has been evaluated the
effect of materials tabletability, mechanism of compaction, porosity of the cores, together with the
compaction pressure of the final compression, on the mechanical properties of press-coated tablets.
It has been shown that the mechanical properties of the coated tablets are related to the mechanism of
compaction, the rheological characteristics and to the porosity of the inner core. Specifically, final
tablet with the best mechanical proprieties were obtained operating at high pressure, using high
porosity inner cores prepared with high tablettability and ductile materials.
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Psoriasis is considered as a chronic autoimmune inflammatory disorder characterized by thickened inflamed
skin lesions covered with scales. Several treatment options are available to alleviate the symptoms of
psoriasis by targeting against keratinocytes, inflammation and angiogenesis that lead to expansion of
therapeutic strategies in treating psoriasis [1]. Psoralen in combination with ultraviolet A radiation (PUVA)
is an FDA recommended therapy for clinical application in the management of severe recalcitrant psoriasis.
When activated by UVA light, PSR undergo cycloaddition with pyrimidine bases of nucleic acids forming
stable cycloadducts and this mechanism was found to be very effective in treating psoriasis [2;4].
Unfortunately, the presently available topical 8-MOP formulations, such as emulsions, creams and solutions,
do not achieve good skin permeability as well as penetration of 8-MOP to deeper skin layers. Delivering
higher concentration of 8- MOP to the skin enables the reduction of UVA radiation dose and side effects.
Thus, it is required to develop novel drug delivery systems for 8-MOP in order to enhance its skin
permeability and consequently increase its safety and efficacy for the treatment of skin disorders [3].
The aim of this study was to develop solid lipid nanoparticles with increased skin permeation and controlled
release properties for psoralens. In this study, Compritol 888 ATO or Precirol ATO 5 were chosen as solid
lipids. In order to enhance 8-MOP loaded SLN penetration through the skin, a variety of different penetration
enhancers, such as Labrasol, Oramix and Transcutol, have been used. SLN were prepared by a hot
homogenization technique followed by ultrasonication and were characterized with respect to size,
polidispersity index and zeta potential. SLN stability was evaluated on storage at 25ºC for 90 days. The
effects of the SLN incorporation on the 8-MOP diffusion through and into the skin were investigated in vitro
using vertical Franz diffusion cells and newborn pig skin. The amount of 8-MOP accumulated in stratum
corneum, epidermis, dermis and receptor compartment was detected by HPLC using a fluorescence detector.
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A pure insulin pulmonary powder (Ins_SD) was developed and patented by the Food and Drug
Department of the University of Parma [1]. The aim of this study was to investigate the chemical
stability and respirability of this Ins_SD powder loaded in capsules packed in blister. The in vitro
respirability of Ins_SD was compared to the one of the commercial product Afrezza®. Finally, the
glycemic plasma profile of rats was measured after pulmonary insufflation of Ins_SD and Afrezza® at a
dose of 10 IU/Kg.
A human recombinant insulin powder for inhalation (Ins_SD) was prepared by spray drying using a
mini Spray Dryer Buchi B-290 (Buchi®, CH). The powder was characterized by SEM analysis (FESEMFIB, Zeiss Auriga Compact,DE) and particle size distribution (Spraytec®, Malvern Instruments Ltd,
UK). HPMC capsules size 3 (Quali-V®-I, Qualicaps Europe, ES) were semi-automatically filled with 2
mg of INS_SD powder. The in vitro respirability of Ins_SD was assessed using the Next Generation
Impactor (NGI) (Copley Scientific, UK) and RS01® high resistance inhaler (Plastiape, IT) at 65L/min
to aerosolize the formulation. The in vivo study was conducted in rats and the glycemic plasma profile
was determined after pulmonary insufflation of Ins_SD and Afrezza® powder. Ins_SD and Afrezza®
were blended in Turbula mixer (25 rpm for 5 min) with mannitol spray-dried to have 80 µg of peptide
in 2 mg of powder. For SC administration insulin was dissolved in 0.01N HCl/saline 1:9 (solution pH=
4.7). Rats were fasted for 3 h prior to basal glycemic determination then they received a 1g/Kg glucose
injection (time zero) and 5 min later 10 IU/Kg of insulin were administered intratracheally (4 per group)
using a dry powder inhaler device DP-4 insufflatorTM (Penn-Century, Inc, Philadelphia, US).
The results from this study show that Ins_SD presented higher respirability and favourable stability
behaviour than Afrezza® [2]. Ins_SD powder delivered dose was >95% and the FPF lower than 5 µm
91%. The MMAD value was 0.85 µm. Afrezza® powder was successfully emitted from the device (more
than 95%) and MMAD value was 3.2 µm. The Ins_SD powder, filled in Quali-V®-I capsules can provide
long term stability at room temperature maintaining the good aerodynamic performance. It was
demonstrated that Ins_SD provided a similar profile of glucose control as Afrezza® (p>0.05) and were
capable to more efficiently decrease the glucose level at min 15 similar to the one of subcutaneous
administration.
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Polglumyt is a highly purified form of glycogen, characterized by high water solubility (30% w/v),
which is accompanied by very moderate increase in viscosity due to the hyperbranched nature of the
macromolecule. Its dendrimeric structure, appropriately functionalized, makes it an alternative to
current synthetic gene delivery agents such as dendrimers or hyperbranched polymers. [1] Polglumyt
Policationic Derivates (PPDs) are hyperbranched nanocarriers for nucleic acids, which also combine
natural origin, degradability, negligible toxicity and good loading capacity. PPDs are synthesized
starting from a purified form of glycogen by introducing, into polymer chains, cationic or positively
ionizable groups, which can electrostatically interact with nucleic acids. The present work describes
the preparation of PPDs, and their characterization as carriers for nucleic acids. PPDs were prepared
by reaction of Polglumyt with different N,N-dialkylaminoalkyl halides under alkaline aqueous
conditions. PPDs were synthesized in different N,N-dialkylaminoalkyl halides/Polglumyt molar ratios
(0.043; 0.25; 0.50; 1.00; 2.00). All derivates were characterized by nuclear magnetic resonance, gel
permeation chromatography and shear rheometry. Dynamic Light Scattering and Laser Doppler
Velocimetry were performed with the Zeta Nanosizer ZS90 instrument. DLS was used to measure
hydrodynamic size, size distribution of PPD/nucleic acid complexes and to verify the presence of
aggregation phenomena. Measurements for  potential were performed by LDV technique using PPDs
solutions in pH 4.5 Phosphate Buffer. The PPDs were also characterized regarding their pKa values,
using a Mettler Seven Excellence Multiparameter, titrating PPDs aqueous solution with a 1N NaOH
solution. PPDs were synthetized in good to excellent yields (60-80%). All the derivates are
characterized by the presence of two different basic groups: the first one has a pKa above the
physiological pH, which should guaranty the binding with nucleic acids, whereas the second one
should promote endosomal escapes by proton sponge effect. Optimizing Polglumyt derivates structure
in terms of extent of derivatization and nature of the cationic groups, we could achieve high RNA
loadings with negligible aggregation, and good protection from nuclease degradation with negligible
cytotoxicity.
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Coenzyme Q10 (CoQ10) is a fat-soluble vitamin K-like antioxidant. Due to its poor water solubility, it
has been suggested that CoQ10 bioavailability might be improved by incorporating the substance into
submicron particles [1]. It is currently marked in the US as dietary supplement, and widely used in the
treatment of cardiovascular disorders [2]. As antioxidant, CoQ10 has also been studied as adjuvant
treatment for cancer to prevent cancer and reduce adverse effects of chemotherapy [3].
The aim of this work was the production by high-pressure homogenization, characterization and
stability study of three CoQ10 nanosuspensions designed to be delivered to the lungs by nebulization.
Three surfactants, i.e. lecithin, PEG32 stearate and Vitamin-E TPGS, were selected to stabilize CoQ10
formulations. Preparations were identified as nanosuspensions (hydrodynamic diameter in the range
35-60 nm and  potential between -20 and -25 mV): the smallest particles were obtained with
Vitamin-E TPGS and denoted a lipid core/surfactants-shell structure by Small Angle X-ray scattering
analysis. The CoQ10 delivered from an air-jet nebulizer was in all the cases around 30% of the loaded
dose. The nanosuspension containing PEG32 stearate presented the highest Respirable Fraction
(70.6% ± 5.1) and smallest Median Mass Aerodynamic Diameter (3.02 µm ± 0.49). Stability tests
showed that the most stable formulation, after 90 days at room temperature and at 5°C, was the one
containing Vitamin-E TPGS, followed by the CoQ10-lecithin formulation. Interestingly, those
formulations were demonstrated to be suitable also upon nebulization with other type of devices, such
as ultrasound and vibrating mesh nebulizers.
Studies focused on in vitro cellular toxicity of the formulations and their single components using
A549 human lung cells showed non-obvious cytotoxicity for the formulations containing lecithin and
PEG32 Stearate. Vitamin-E TPGS, already in use for several drug delivery applications (i.e. ocular),
when alone proved to be able to damage the plasma membrane, nevertheless, cell damage was
decreased when Vitamin-E TPGS was present in the formulation with CoQ10.
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INTRODUCTION
Diabetes affects approximately 170 million people worldwide, including 3 million 200 thousand people
in Italy [1] and, its effects, include long-term damage such as blindness, nephropathy and/or neuropathy
with risk of foot ulcers and amputation [2].
The purpose of this research is to develop and to characterize a biodegradable polymeric Hydrogel,
which is able to absorb exudate and to exert an anti-oxidant activity and to stimulate tissue regeneration
process.
KEYWORDS: Diabetes – Foot ulcer – Hydrogel – Natural substances – Delivery
EXPERIMENTAL PART
In this work, Chitosan, Carboxymethyl cellulose, AgNO3 and Ascorbic Acid, in a phosphate buffer
solution (pH 7.4), were dissolved. At the end of this step, Olive Leaf dry extract and Camellia Sinensis
leaf extract were added to the mix of dissolved polymers. To obtain the hydrogel (HyDrO-DiAb), the
obtained mixture was dried at 40 °C into sterile glass Petri dishes.
Several tests were carried out in the aim to investigate the physical and biological properties of HyDrODiAb including: evaluation of swelling behavior and water retention; MTT assay for cell viability;
Antioxidant properties and in vitro Wound Healing assay.
RESULTS AND DISCUSSION
HyDrO-DiAb shows fast rate of absorption in the first 80 min followed by a slow increase in the next
40 min (Figure 1) and shows decrease in moisture content (Rh) with time (Figure 2), after 16 h the total
loss was approximately 70-80%. Then, MTT Assay in 3T3 fibroblast cell line was performed and the
obtained results (Figure 3) demonstrate that HyDrO-DiAb is not cytotoxic. HyDrO-DiAb shows 47.3 ±
0.1% (Figure 4) and 37.4 ± 0.4% (Figure 5) DPPH and ABTS inhibition ability, respectively. In the last
test, HyDrO-DiAb confirms its healing property (Figure 6) and, in particular, its ability to below in vitro
wound closure. The wound closure percentage with 100 �g/mL and 200 �g/mL of HyDrO-DiAb was

67 ±0.3% and 80.2 ± 0.5% respectively. In contrast, cells treated with Chi-CMC showed 21.4 ± 0.7%

wound closure.
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Figure 1: Water absorption capacity (%)

Figure 2: Water retention capacity (%)

Figure 3: MTT test on 3T3 fibroblast cell line with different concentrations of HyDrO-DiAb.

Figure 4: DPPH inhibition activity evaluation

Figure 5: ABTS inhibition activity evaluation
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Figure 6: Cells were treated with Chi-CMC (a), HyDrO-DiAb (100 µg/ml) and with HyDrO-DiAb (200 µg/ml).

Freeze drying optimization of lipid nanoparticles for naproxen delivery: formulation, characterization
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Solid lipid nanoparticles (SLNs) represent an alternative colloidal carrier system to polymeric nanoparticles,
liposomes and emulsions [1]. A crucial point for the use of the SLNs as colloidal drug carriers is their
physical and chemical long-term stability [2,3]. For such cases, it is highly desirable to have a freeze-dried
SLN formulation available [4,5]. The aim of the project, therefore, was to formulate SLN obtained by the
elimination of dilution water during the cooling process, and to study their characteristics after undergoing
the lyophilization process. Therefore, the lyophilization process was investigated and optimized and the
effect of drug incorporation was evaluated too. SLNs were prepared using the solvent-diffusion technique
and then were freeze-dried. Softisan 100 and poloxamer 188 were used as lipid matrix and surfactant,
respectively. 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,mannitol and trehalose with the concentration from 0.5%
to 4.5%). 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 4%.
Naproxen was incorporated in these SLN formulations, because it guaranteed the best redispersion
performance after lyophilization.
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MicroRNA (miRNA) are non-coding RNAs involved in regulation of gene expression and potential
therapeutic agents in the treatment of diseases. In different forms of cancer, e.g. glioblastoma (GBM),
miRNAs can control the occurrence of resistance against chemotherapeutics. However, the therapeutic
use of miRNA is hampered by biopharmaceutical issues, requiring the use of ad hoc developed
delivery systems [1]. Previously, a novel formulation consisting on hybrid self-assembling
nanoparticles (SANPs) for the delivery of anionic drugs, e.g. bisphosphonates, in the treatment of
glioblastoma (GBM), have been developed [2]. The aim of this work was development of SANPs for
the delivery of miRNA, e.g. miR603, in the treatment of GBM.
The SANPs were prepared by mixing miRNA and Calcium/Phosphate dispersion (CaP NPs), followed
by mixing with PEGylated liposomes (PL). In order to optimize the formulation, different lipid
compositions were tested. In particular, liposomes composed of different cationic lipids, with or
without neutral lipids, and with two different PEGylated lipids were prepared. All formulations were
characterized in terms of mean diameter, polydispersity index, zeta potential, miRNA encapsulation,
NPs stability in BSA, serum and red blood cells, NPs hemolytic activity. Moreover, the SANPs were
tested in vitro (cytotoxicity, uptake, Real Time PCR analysis) on U87MG and LN229.
The majority of the formulations showed a mean diameter lower 170 nm and a polydispersity index
lower than 0.2. The zeta potential was positive (between +10mV and +45mV) and the miRNA
encapsulation efficiency was between 75% and 100%. The formulations were stable in BSA and
serum four hours. Finally, the majority of the formulations showed a hemolysis lower than 2%. In vitro
studies on two different cell lines, allowed to select the formulations that were no toxic, which were
tested in the following miRNA intracellular uptake studies. SANPs based on cationic lipid 1,2dioleoil-3-trimetilammonio-propano (DOTAP) combined with PEGylated lipid N-palmitoylsfiingosina-1-{succinil [metossi (polietilen glicole) 2000]} (PEG-Cer16) lead to the highest miR603
delivery in GBM cells and was considered suitable for the following in vivo studies.
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The aim of this study was the design of drug delivery systems for the nose-to-brain administration of
Geraniol (Ger), a monoterpene present in various essential oils, which exhibits strong antiinflammatory and anti-oxidant effects [1]. Ger has been proposed for the treatment of
neurodegenerative disorder, such as Parkinson’s disease, associated with both inflammatory response
and release of reactive oxygen species [2]. However, its activity is impaired by the fast metabolism
following the oral administration. Preliminary studies demonstrated that Ger reaches in large amounts
the brain after intranasal administration, but causing a huge damage to the nasal mucosa, destroying it.
Therefore, a protecting delivery system is required to encapsulate Ger and to safeguard the epithelium.
Different formulations were designed starting from several materials such as lipids (Compritol,
Gelucire, Isopropyl myristate, triacetin), polymers (PLGA and Gelatine) and cyclodextrins (CDs),
obtaining Ger-loaded nanoparticles (Ger-NPs) or Ger-CDs complexes. All the carriers were freezedried and characterized before and after the freeze drying process regarding the size by Photon
correlation spectroscopy (PCS) and the drug loading by HPLC analysis.
The results demonstrated that all the fresh prepared Ger-NPs were small and homogenous in the size
and exhibited a high drug loading. In order to obtain more in vitro stable formulations, Ger-NPs were
freeze-dried but, after this process, while no modification in the size was observed, the drug loading
became negligible, probably owing to the volatility of the drug. On the contrary, in the case of the
inclusion complexes composed by β-CD/HP- β-CD, the encapsulation efficiency remained high (about
80%). Therefore, these formulations were characterized by electron microscopy, in vitro drug release,
infrared (IR) spectroscopy, CHN analysis and differential scanning calorimeter (DSC). The
characterization analyses showed that both the inclusion complexes were successfully formed and that
their in vitro stability was suitable for a nose-to –brain administration.
Further studies are needed to evaluate the potentialities of these carriers for an in vivo intranasal
administration in Parkinson’s disease models.
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