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FOREWORD

Dear researchers,
 
I have the honor of welcoming you to the Annual Workshop of the IN2UB, 2021.

In this booklet, you can browse through the program of this year’s IN2UB workshop.

Every annual workshop is somehow unique. The current one is special because it 
follows a year when it was forcefully suspended. The content of the scientific program 
for the Workshop 2021 witnesses on the fact that despite the difficulties, the activity 
and dynamism of the Institute has remain intact.

Even if the incertitude forced us to maintain this workshop on-line, the amount of 
contributions have made it a success. With an internationally prestigious Plenary 
contribution, four ART Lectures, six high-level selected Oral Presentations (among 
many submissions) and more than fifty papers in Poster format, we are happy to 
present a top scientific program reflecting on the richness and diversity of research 
at IN2UB.

I personally thank all of you that have enthusiastically contributed to make this event 
a great success.

I encourage all of you to meet in this virtual celebration, in the hope that next year we 
will recover the personal contact.

With my best regards,

Guillem Aromí
Director of the Institute of Nanoscience and Nanotechnology 
of the University of Barcelona (IN2UB)
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SELECTIVE CONTROL OVER THE SIZE,  
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M. Escoda-Torroella. IN2UB, Department Condensed Matter 
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Faculty of Physics (UB).
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(MOF) MATERIALS AS ROOM-TEMPERATURE 
CHEMIRESISTORS FOR GAS SENSING 
I. Fort-Grandas, IN2UB, Department of Electronic and Biomedical 
Engineering, Faculty of Physics (UB).

17:35h. - 17:45h.	� CLOSING REMARKS 
A. Romano, Secretary of IN2UB, Department of Electronic  
and Biomedical Engineering, Faculty of Physics (UB).
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PLENARY LECTURE
PL
BIOLOGICAL SHAPES EMERGING FROM PHYSICS AT THE NANOSCALE
	 sonia.antoranzcontera@physics.ox.ac.uk

Sonia Contera 
Clarendon Laboratory, Physics Department, University 
of Oxford, Parks Road, OX1 3PU Oxford, UK.

In the last 30 years we have witnessed the progressive 
integration of physics and biology facilitated by nanote-
chnology, which is leading to a revolution in computing, 
electronics, materials and medicine. If one looks at the 
history of physics in the previous century this is far from 
surprising. The work of  Turing, Goedel, von Neumann, 
Onsager, Schroedinger, Shannon, de Gennes, Anderson 
etc. demonstrates that  physicists’  (and mathematician’s) 
minds have always been occupied by the fundamental 
enquiry into what makes humans able to understand the 
universe.  Physicists have always wondered what is life, 
what is information, why does entropy decrease in living 
organisms, why can we think?

The answer of these questions needs to address one 
central topic: what is a biological shape? The dynamic 
shapes of biological tissues emerge from a complex in-
terplay of physics, chemistry and genetics (evolution), 
which determines--at each temporal and spatial scale--
the mechanical properties that eventually form the smart 
structures of living organisms, able to adapt to their en-
vironments in order to survive.  Shape and mechanical 
stability of living organisms rely on precise control in time 
and space of growth, which is achieved by dynamically 
tuning the mechanical (viscous and elastic) properties of 
their hierarchically built structures from the nanometer 
up. The nanometer scale is central, because biomolecu-
les are nanostructures, and hence measuring and un-
derstanding physics of biological systems at the nanos-
cale becomes crucial for biology and physics.  I use one 
of the main tools of nanotechnology, the atomic force 
microscope (AFM) to extract the physics underlying the 
emergence of biological shapes.  It is now well-establi-
shed that cellular behaviour (including stem cell differen-

tiation) crucially depends on the mechanical properties of 
the cells’ environment. Much attention has been directed 
towards the importance of the stiffness of the natural (ex-
tracellular matrix, ECM) or artificial matrices where cells 
grow, with the purpose of either understanding mecha-
notransduction, or controlling the behaviour of cells in 
medical applications such as  tissue engineering. While 
stiffness (i.e. the capacity of a material to elastically store 
mechanical energy) has been the focus of most experi-
mental research, neither cells nor matrices are elastic. 
Biological systems dissipate energy (i.e. they are viscous) 
and hence they do not respond to mechanical deforma-
tions instantaneously (like an ideal Hookean spring), but 
present different time responses at different spatial sca-
les that characterise their responses to external stimuli. 
Measuring viscoelasticity (especially at the nanoscale) has 
remained experimentally challenging [1,2]. In my talk I will 
present  AFM-based techniques to measure and map the 
viscoelasticity of living tissues, cells, membranes, collagen, 
ECMs, and tissue engineering matrices across the spatial 
and temporal scales, and chirp-based spectroscopic te-
chniques to assess viscoelasticity from Hz to 100s kHz at 
the nano and micro scale developed in my lab. 

Our results have uncovered that extracellular matrices 
of both living plants and tumours present an almost per-
fect linear viscoelastic behaviour that is key to understand 
their growth and shape. I will present our work showing 
how the growth and shape of the roots, leaves and hypo-
cotyl of living Arabidopsis thaliana living plants are rela-
ted to the nanoscale viscoelasticity of plant cell walls at 
the time scales probed by multifrequency AFM and how 
this can be understood using concepts and theories from 
non-equilibrium thermodynamics.

I will also show how this knowledge can be used to 
create “smart” bioinspired materials, which progressively 
will harness biological properties, such as adaptation, and 
eventually learning [3].

PLENARY
LECTURE
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ART 2019 CALL
ART1
LASER ACTIVATION OF SMART NANOSYSTEMS 
FOR PHOTOTHERMAL THERAPIES
	 jmfernandez@ub.edu

J. M. Fernández-Pradas1, J. Estelrich2,  
M. A. Busquets2, M.C. Moran3, P. Serra1 
1 �Departament de Física Aplicada, Universitat de Barce-
lona, Martí i Franquès 1, 08028 Barcelona.

2 �Departament de Farmàcia i Tecnologia Farmacéutica, 
i Fisicoquímica, Universitat de Barcelona, Avda. Joan 
XXIII, 27-31, 08028 Barcelona.

3 �Departament de Bioquímica i Fisiologia, Universitat de 
Barcelona, Avda. Joan XXIII, 27-31, 08028 Barcelona.

The work here presented corresponds to the results 
of a project granted in the ART 2019 call. The project 
explores the use of new composite nanoparticles that 
can efficiently convert laser radiation into heat in tis-
sues. The final objective is to use them in a therapeu-
tic strategy based on targeting the nanoparticles on 
non-healthy tissues and then focus laser light in them 
for thermally destroying the tumor with minimum side 
effects. Nanoparticles of magnetic iron oxide (ION), 
Prussian Blue (PrBN) and composite nanosystems of 
both compounds have been synthesized by chemical 
precipitation methods. The photothermal effect of na-
noparticle suspensions at different concentrations was 
evaluated under laser radiation with a Nd:YAG laser 
source at 1064 nm wavelength and powers below 1.3 
W. Thus, photothermal activity of the selected nanopar-
ticles is studied in the second biological window (1000-
1300 nm) where absorption of healthy tissues is low, 
and radiation benefits of less scattering, larger pene-
tration depth and higher permissible doses than in the 
first window (700-950 nm) [1]. Results show that ION 
have better photothermal properties than PrBN at the 
selected wavelength. At maximum efficiency conditions 
temperature is increased up to 30oC and nanoparticles 
keep their photothermal activity after several irradia-
tion cycles even at the highest dose (Figure 1) [2].

ART2
MULTICALORIC EFFECTS IN FERROELECTRIC PLASTIC CRYSTALS 
	 mromanini@ub.edu

M. Romanini1, L. Mañosa1, A. Planes1, G. Aromí2, 
D. Aguilà2  
1 �Dept. Física de la Matèria Condensada, Universitat de 
Barcelona, Spain. 

2 �Departament de Química Inorgànica i Orgànica,  
Universitat de Barcelona, Barcelona, Spain. 

The need to replace the environmentally harmful ga-
ses used in refrigeration devices (chlorofluorocarbons, 
hydrofluorocarbons) has spurred intense research ac-
tivity to replace these refrigerants with solid-state ma-
terials that display first order phase transitions upon 
application of pressure, whose latent heat and tempe-
rature change upon transition can be exploited for e.g. 
cooling applications without the risk of leaks as in the 
case of gases. The change in temperature of a material 
when subject to a sudden change of pressure or other 
external field is known as the caloric effect (barocaloric 
in the case of  an applied pressure, electrocaloric in the 
case of an applied electric bias) and it is related to the 
change in the material’s entropy when the external field 
is isothermally modified.  There exist classes of solid 
state materials that exhibit a large field-driven thermal 
response in the vicinity of first-order phase transitions 
[1-4] that take place near ambient conditions, and can 
thus in principle be exploited in devices. The recently 
reported ferroelectric molecular plastic crystals, which 

are molecular solids displaying a plastic crystal (PC) 
phase at high temperature and a ferroelectric phase at 
low temperature [5-8], are expected to display giant ba-
rocaloric effects and possibly also electrocaloric effects, 
because the transition entropy is particularly large due 
to the dynamic disorder of the plastic crystalline pha-
se, in which the molecules rotate almost freely about 
their centres of mass. These materials may represent 
potential non-toxic and more cost-efficient alterna-
tives to common inorganic oxides for a wide range of 
applications such as solid-state refrigerants, memory 
elements, capacitors and sensors [9]. In a collaborative 
project between the Grup Transicions de Fase en Ma-
terials of the Department of Condensed Matter Physics 
and the Grup de Magnetisme i Molecules Funcionals 
(GMMF) of the Department of Inorganic and Organic 
Chemistry of the UB, we have synthetized and charac-
terized two recently reported ferroelectric PC, namely 
quinuclidinium perrhenate [HQuin_ReO4] [8] and te-
tramethylammonium tetrachloroferrate [Me4N_FeCl4] 
[5]. I will present the results I obtained from electro-
caloric and barocaloric measurements together with 
the characterization measurements such as DSC and 
X-ray powder diffraction. Dielectric spectroscopy mea-
surements as a function of temperature have also be 
performed on the two substances, to elucidate whether 
molecular relaxation dynamics were present in the va-
rious phases of the synthesized materials. 

References
1. Cao, Y.; Wu, T.; Zhang, K.; et al., ACS Nano 13 (2019) 1499-1510.
2. Busquets, M. A.; Fernández-Pradas, J. M.; Serra, P.; Estelrich, J.; Molecules 25 (2020) 5315.
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5. �Harada J. et al., J. Am. Chem. Soc. 140, 346 (2018). 
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Figure1. Plot of ION suspension temperature during on/off cycles at 1.3 W laser power.
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ART 2020 CALL
ART3
MULTITARGET APPROACH TO DEVELOP ANTIPRION DRUGS 
FOR TRANSMISSIBLE SPONGIFORM ENCEPHALOPATHIES (TSES)
	 aespargaro@ub.edu

A. Espargaró2,4, A. B. Caballero1,2, P. Gamez1,2,3, 
R. Sabaté2,4 
1 �NanoBIC, Department of Inorganic and Organic 
Chemistry, Faculty of Chemistry, University of 
Barcelona, Martí i Franquès, 1-11, 08028 Barcelona, 
Catalonia, Spain.

2 �Institute of Nanoscience and Nanotechnology (IN2UB), 
University of Barcelona, 08028 Barcelona, Catalonia, 
Spain. 

3 �Catalan Institution for Research and Advanced 
Studies, Passeig Lluís Companys 23, 08010 Barcelona, 
Catalonia, Spain. 

4 �Department of Pharmacy and Pharmaceutical 
Technology and Physical-Chemistry, Faculty of 
Pharmacy and Food Sciences, University of Barcelona, 
Avda. Joan XXIII, 27-31 Barcelona, Catalonia, Spain. 

Since the first observation of PrPC as a copper-bin-
ding protein, many attempts have been made to un-
derstand the role of metal ions in both PrPC physiology 
as well as in prion pathogenesis. Interestingly, prelimi-
nary computational studies using human PrP and vole 
PrP suggest the presence of a druggable region around 
His187 residue, a copper-binding region in the globular 
domain. Since TSEs are linked to deposition of PrPSc ac-
companied by metal dyshomeostasis, wherein copper 
concentration could be a determinant factor, we pro-
pose the application of conceptual and experimental in-
terdisciplinary approaches in order to identify anti-TSE 
drugs able to act stabilizing the PrPC structure, disfa-
vouring the amyloid conformation and PrPSc formation, 
as well as reestablishing metal homeostasis. Thus, the 
ultimate aim of the project is to develop a new concept 
of anti-prion drugs that effectively cure and/or reduce 
the prevalence of these pernicious and fatal diseases.

ART4
SPATIAL MAPPING OF THE COLLAGEN DISTRIBUTION IN HUMAN AND MOUSE 
TISSUES BY FORCE VOLUME ATOMIC FORCE MICROSCOPY 
	 annalisa.calo@ub.edu

A. Calò1,2, Y. Romin1, R. Srouji1, C. P. Zambirinis1, 
N. Fan1, A. Santella1, E. Feng1, S. Fujisawa1, 
M. Turkekul1, S. Huang1, A. L. Simpson1, 
M. D’Angelica1, W. R. Jarnagin1, K. Manova-Todorova1   
1 �Molecular Cytology Core Facility, Memorial Sloan 
Kettering Cancer Center, 417E 68th St, New York, NY 
10065, USA.  

2 �Physics Faculty, University of Barcelona (UB), Carrer de 
Martí i Franquès 111, 08028 Barcelona, Spain.  

3 �Hepatopancreatobiliary Service, Department of Sur-
gery, Memorial Sloan Kettering Cancer Center, 1275 
York Ave, New York, NY 10065, USA.  

4 �Washington University School of Medicine, 660 S. 
Euclid Ave, St. Louis, MO 63110, USA.  

5 �Department of Surgery, Warren Alpert Medical School 
of Brown University, 593 Eddy street, APC4, Provi-
dence, RI 02903, USA.  

6 �School of Computing, Queen’s University, 557 Good-
win Hall, Kingston, ON K7L 2N8, Canada 

Changes in the elastic properties of living tissues du-
ring normal development and in pathological processes 
are often due to modifications of the collagen compo-
nent of the extracellular matrix at various length scales. 
Force volume AFM can precisely capture the mechani-
cal properties of biological samples with force sensiti-
vity and spatial resolution. The integration of AFM data 
with data of the molecular composition contributes to 
understanding the interplay between tissue biochemis-
try, organization and function. The detection of micro-
meter-size, heterogeneous domains at different elastic 
moduli in tissue sections by AFM has remained elusive 
so far, due to the lack of correlations with histological, 
optical and biochemical assessments. In this work, force 
volume AFM is used to identify collagen-enriched do-
mains, naturally present in human and mouse tissues, 
by their elastic modulus. Collagen identification is obtai-
ned in a robust way and affordable timescales, through 
an optimal design of the sample preparation method 
and AFM parameters for faster scan with micrometer 
resolution. The choice of a separate reference sample 
stained for collagen allows correlating elastic modulus 
with collagen amount and position with high statistical 
significance. The proposed preparation method ensures 
safe handling of the tissue sections guarantees the pre-
servation of their micromechanical characteristics over 
time and makes it much easier to perform correlation 
experiments with different biomarkers independently. 

References
1. Scientific Reports volume 10, Article number: 15664 (2020) https://doi.org/10.1038/s41598-020-72564-9
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O1
SYNTHESIS OF GRAPHENE/ TRANSITION METAL CARBIDES 
HETEROSTRUCTURES AND ELECTROCATALYTIC PROPERTIES

	 stefanoschaitoglou@ub.edu

S. Chaitoglou1,2, T. Giannakopoulou1, D. Tsoutsou1, 
A. Vavouliotis3, A. Dimoulas1 
1 �National Centre for Scientific Research “Demokritos,” 
15310 Athens, Greece.

2 �Departament de Física Aplicada, Universitat de Barce-
lona, C/Martí i Franquès 1, 08028 Barcelona, Spain.

3 �Adamant Composites Ltd, Agias Lavras & Stadiou Str., 
Platani-Patras, 26504, Greece.

Transition metal carbides have attracted significant 
attention in electrocatalysis applications, especially as 
electrodes in hydrogen evolution reaction (HER). In this 
talk, we will present results considering the controlled 
synthesis of ultrathin Mo2C films and graphene/Mo2C 
vertical heterostructures, on liquid catalysts via chemi-
cal vapor deposition. We demonstrate experimental 
results on the role of graphene as a diffusion barrier, 
resulting in the growth of Mo2C crystals with a smaller 
size and higher nucleation density [1]. We use Cu-based 
alloys, like Cu-Sn, as growth substrates, which enable 
the growth in reduced temperatures, with respect to 
pure Cu. This alloy has a lower melting point, which is 
an obligatory condition to enable Mo diffusion. Moreo-
ver, we present results on the enhanced HER activity 
of the graphene/Mo2C compounds, thanks to graphe-
ne’s contribution to faster charge kinetics [2]. Then, we 
discuss on the increased electrocatalytic performance 
of the heterostructure when we apply a “flipped” trans-
fer method which permits to reverse the vertical order 
of the heterostructure, allowing Mo2C to stand on the 
graphene and preventing the function of the latest as 
an electrochemical barrier [3]. Finally, we demonstra-
te the CVD synthesis of Mo2C films through chemical 
conversion of Mo foil surface, in a Cu vapor-enriched 
atmosphere [4]. 

O2
SELECTIVE CONTROL OVER THE SIZE, MORPHOLOGY, AND OXIDATION STATE 
OF IRON OXIDE NANOPARTICLES BY TUNING THE REAGENT AMOUNTS 

	 mariona.escoda@ub.edu

M. Escoda-Torroella1,2,*, C. Moya2,3, 
A. Fraile Rodríguez1,2, X. Batlle1,2, A. Labarta1,2  
1 �Departament de Física de la Matèria Condensada, 
Martí i Franquès 1, 08028 Barcelona, Spain.

2 �Institut de Nanociència i Nanotecnologia, Universitat 
de Barcelona, Martí i Franquès 1, 08028 Barcelona, 
Spain.

3 �Université libre de Bruxelles (ULB), Engineering of Mo-
lecular Nanosystems, 50 Avenue F.D. Roosevelt, 1050 
Bruxelles, Belgium.

Iron oxide nanoparticles (NPs) are versatile building 
blocks in a variety of biomedical and environmental 
applications due to their good magnetic performance, 
ease of production and functionalization by chemical 
routes, and low toxicity. However, controlling the elec-
tronic and magnetic properties of iron oxide NPs re-
main a challenge because of their crucial dependence 
on composition, structure, surface chemistry, and inter-
particle interactions.[1,2]

In this framework, we studied the effect of the amount 
of both 1,2-hexadecanediol and the solvent 1-octade-
cene on the thermal decomposition method with iron 
(III) acetylacetonate. On the one hand, low amounts of 
either of the two reagents result in large NPs containing 
both Fe3O4 and FeO phases with high values of the re-
action yield. On the other hand, above certain amounts 
of the reagents the NPs are single-phase, single-crys-
tal Fe3O4 NPs with diameters below 10 nm, but with 
reaction yields slightly smaller. The hysteresis loops at 
room temperature for the small NPs showed the typical 
features of superparamagnetism: values of the satura-
tion magnetization close to that of the bulk magneti-
te with no coercive field. On the contrary, larger NPs 
showed ferrimagnetic behavior with reduced values of 
the saturation magnetization, as well as shifted hyste-
resis loops at 5 K after field cooling the sample under 1 
T. The zero-field-cool field-cool curves below 200 K for 
the small NPs showed a peak below room temperature 
corresponding to the blocking temperature, while tho-
se curves for the larger particles displayed two peaks 
at higher temperatures associated with the Verwey and 
Neel transitions of magnetite and wüstite phases, res-
pectively. The latter was correlated with the biphasic na-
ture of the large NPs. With this accurate monitoring of 
the reaction conditions we have added an extra level of 
optimization to the synthesis of these NPs, allowing us 
to tune the properties of each sample of iron oxide NPs 
to its specific application. [3]

The work was supported by Spanish MCIU and AEI 
(MAT2015-68772-P; PGC2018-097789-B-I00) and Euro-
pean Union FEDER funds. M.E-T. acknowledges Spanish 
MCIU for BES-2016-077527.
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O3
TOWARDS ANGIOGENESIS-ON-A-CHIP

	 anoguemo21@alumnes.ub.edu

A. Noguera -Monteagudo1,2, A. Lopez-Canosa3,4, 
J. Ferrer2,5,6, P. Barcelò7, E. Xuriguera7,  
E. Engel8,3,4, A. Hernandez-Machado2,5,6, 
O. Castaño1,2,3,4 
1 �Electronics and Biomedical Engineering, Universitat de 
Barcelona (UB), 08028 Barcelona, Spain. 

2 �Institute of Nanoscience and Nanotechnology, Univer-
sitat de Barcelona (UB), 08028 Barcelona, Spain. 

3 �Biomaterials for Regenerative Therapies, Institute for 
Bioengineering of Catalonia (IBEC), The Barcelona Insti-
tute of Science and Technology (BIST), Baldiri i Reixac 
10-12, 08028 Barcelona, Spain. 

4 �CIBER en Bioingeniería, Biomateriales y Nanomedicina 
(CIBER-BBN) 28029 Madrid, Spain. 

5 �Condensed Matter Physics, University of Barcelona 
(UB), 08028 Barcelona, Spain

6 �Centre de Recerca Matemàtica (CRM), 08193 
Bellaterra, Spain.

7 �Material Science and Physical chemistry, University of 
Barcelona (UB), 08028 Barcelona, Spain.

8 �IMEM-BRT Group, Dept. Materials Science and Engi-
neering, EEBE, Technical University of Catalonia (UPC), 
08019 Barcelona, Spain.

The process of new blood vessel growth from exist-
ing ones is called angiogenesis. This process is essen-
tial for organ growth and repair and is very important 
as it is associated with a  variety of health problems 
such as malignant disorders, inflammatory problems, 
ischemia, infections, and immune diseases. Currently, 
in vitro models of angiogenesis are a good option to 
obtain information on how this process is regulated.  
Advances in microfluidic technology have enabled the 
replication of the microenvironment in vitro to study 
the mechanism of angiogenesis. This work investigates 
the design and operation of a microfluidic chip to study 
the angiogenesis involving isolated endothelial cells. In 
this direction, a characterization of the used extracellu-
lar matrix in this work (fibrin hydrogel) was performed, 
both physically, by rheology; and micro& nano structur-
ally,  by staining the hydrogel with a covalently bound 
fluorophore for subsequent observation in a confocal 
microscope.  To study the angiogenesis process under 
different microenvironmental conditions, the migration 
of endothelial cells was compared with different con-
centration gradients of the angiogenic signal like VEGF. 
In the results obtained, it was found that through the 
two methods used it is possible to characterize the 
extracellular matrix in the condition as in the cells cul-
ture at the nanoscale, which provides a piece of very 
interesting information. Moreover, by characterizing 
and controlling the physical and structural parameters 
of the extracellular matrix,  it is possible to study the 
influence of these properties on angiogenesis. In terms 
of cellular results, it was observed that the presented 
design allows the generation of an angiogenic factor 
gradient that stimulates cell migration. In some initial 
experiments performed, it was observed that increas-
ing the concentration of VEGF increases cell migration. 
Although more work is still needed to explore all the 
possibilities of the presented design for the study of an-
giogenesis, it has been shown that this design allows 
the replication of functional microenvironments with 
great control, allowing the study of different individual 
parameters in a way that only in vivo studies could do 
so far.

O4
COARSE GRAINED MODEL FOR WATER AND WATER-PROTEIN INTERFACES

	 lcoronas@ub.edu

L. E. Coronas1,2, V. Bianco3, O. Vilanova1,2, 
G. Franzese1,2   
1 �Departament de Física de la Matèria Condensada, 
Universitat de Barcelona. C. Martí i Franquès 1, 08028 
Barcelona (Spain).

2 �Institute of Nanoscience and Nanotechnology (IN2UB), 
Universitat de Barcelona. C. Martí i Franquès 1, 08028 
Barcelona (Spain).

3 �Facultad de Ciencias Químicas, Departamento de 
Química Física, Universidad Complutense de Madrid, 
Plaza de las Ciencias, 28040 Madrid (Spain).

All-atom simulations of large-size systems including 
proteins and explicit water come at a great computatio-
nal cost. To overcome this problem, coarse-grained mo-
dels aim to represent the system in a simplified manner 
but keeping the essential properties that are relevant 
for its behavior. In this talk, we present a coarse-grai-
ned model for bulk and nanoconfined water with many-
body interactions, originally introduced by Franzese 
and Stanley (FS)  [1,2]. The model is analytically tractable 
[3] and can be simulated by computationally-efficient 
(parallel) cluster Monte Carlo [4]. It allows us to equili-
brate large systems at extremely low temperatures T in 
a wide range of pressures P [5]. Moreover, it has been 
extended to include proteins [6]. 

The phase diagram of the FS model reproduces, at 
least qualitatively, the experimental water phase dia-
gram, both in confinement and in bulk [7], a prerequi-
site for using it as a proper solvent in protein solutions. 
Our results compare well with atomistic simulations and 
allows the analytic and numerical study of the low-den-
sity-liquid--high-density-liquid phase transition ending 
in a liquid-liquid critical point. They clarify fundamen-
tal properties of hydration and bulk water and are po-
tentially useful for better understanding the effects of 
water thermodynamic properties on nano-bio-interac-
tions among proteins (folding [8], aggregation [9], and 
design [10] in bulk, or near interfaces [11]) and other 
species or interfaces. 
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Nucleic acids therapeutics provide a selective and 
promising alternative to traditional treatments for 
multiple genetic diseases. A major obstacle is the de-
velopment of safe and efficient delivery systems. We 
have synthesized a new cationic gemini amphiphile 
1,3-bis[(4-oleyl-1-pyridinio)methyl]benzene dibromide 
(DOPY) and its transfection efficiency has been eva-
luated using PolyPurine Reverse Hoogsteen hairpins 
(PPRHs), a nucleic acid tool for gene silencing and gene 
repair developed in our laboratory. The interaction of 
DOPY with PPRHs was confirmed by gel retardation as-
says. Incubation of increasing amounts of DOPY with 
150 ng of the PPRH resulted in a progressive disappea-
rance of the band corresponding to the PPRH signal 
compared to the PPRH alone, thus demonstrating the 
formation of DOPY/PPRH complexes. We also demons-
trated the prominent internalization of PPRHs using 
DOPY compared to the validated transfection agent 
N-[1-(2,3-Dioleoyloxy)propyl]-N,N,N-trimethylammo-
nium methylsulfate (DOTAP) in SH-SY5Y, PC-3 and DF42 
cells. In the case of hard-to-transfect SH-SY5Y cells, the 
percentages of fluorescent cells were 87 % using DO-
TAP and 71 % using DOPY, but the fluorescence mean 
was 4.3 times higher in DOPY transfections than that of 
DOTAP transfections. 

We also confirmed that clathrin-mediated endocyto-
sis was involved in DOPY/PPRHs complexes internaliza-
tion. Regarding gene silencing, a specific PPRH against 
the survivin gene, HpsPr-C, delivered with DOPY decrea-
sed survivin protein levels and cell viability more effec-
tively than with DOTAP in both SH-SY5Y and PC-3 cells. 
PC-3 cells transfected with DOTAP/HpsPr-C complexes 
showed a decrease in cell viability of 90 %. Similarly, 
cells transfected using 0.5 µg and 1 µg of DOPY showed 
a reduction in cell viability of 97 % and 99 %, respecti-
vely. However, in the case of SH-SY5Y cells, incubations 
with DOTAP/HpsPr-C complexes at standard conditions 
did not reduce cell viability, whereas cells treated with 
DOPY/HpsPr-C complexes showed a decrease in cell 
viability of 36 % and 84 % using 1 µg and 2 µg of DOPY, 
respectively. We also validate the applicability of DOPY 
in gene repair approaches by correcting a point muta-
tion in the endogenous locus of the dhfr gene in DF42 
cells using repair-PPRHs. DOPY transfections led to re-
pair frequencies of 0.4 %, which represented a 2-fold in-
crease compared to calcium phosphate frequencies. All 
these results indicate both an efficient entry and relea-
se of PPRHs at the intracellular level. Therefore, DOPY 
can be considered as a new lipid-based vehicle for the 
delivery of therapeutic oligonucleotides.
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The direction of sustainability and overall health con-
cerns in which society is moving towards has brought 
an increasing demand of reliable and affordable new 
materials-based systems capable of monitoring key 
gas compounds of such concerns. Currently, sensiti-
ve and selective gas monitoring systems are complex, 
bulky and expensive and, thus, there are few of them 
and bound to fixed locations. To complement these sys-
tems, advanced, miniaturised, low cost and low power 
consuming gas sensing devices are required. Among 
them, sensors based on high conductivity nanostructu-
red metal-organic frameworks (MOFs) materials, which 
present high porosity and specific surface area, are very 
interesting candidates[1].

In this work, highly conjugated triphenylene-deri-
ved ligands, namely hexahydroxytriphenylene (HHTP) 
or hexaiminotriphenylene (HITP), were used, together 
with different metal centres (Co, Cu, Ni and Zn) that 
yield isostructural MOFs with diverse electrical con-
ductivity and chemical properties. The synthetic route 
was adapted from elsewhere[2]. and modified to ob-
tain new MOFs and various controlled morphologies at 
the nanoscale. The planar nature of the coordination 
of the beforementioned ligands with the metallic cen-
tres yields hexagonal 2D structures with a centre pore, 
and the vertical arrangement, probably provided by π-π 
stacking, gives rise to nanostructures with dimensions 
from 30 to 300 nm depending on the synthetic condi-
tions and the nature of the MOF itself.

The MOFs were dispersed in ultrapure water, sonica-
ted for 10 minutes, and one drop (0.5 μl) of the solution 
has been dispersed on a glass chip with interdigitated 
Ti/Au electrodes (IDE). Afterwards, the chips have been 
heated in a furnace at 80°C for 10 minutes to allow the 
evaporation of the water. The remaining material contac-
ted the IDE and allowed current to flow between them. 
The prepared devices were exposed to different gases 
(EtOH, H2O vapor, CO2…), where a change in the electri-
cal resistance was observed, with responses varying as a 
function of both the ligand and metal used for the MOF. 
Furthermore, poisoning of these chemiresistors is obser-
ved as a result of their continuous use as gas sensors 
and regeneration strategies are required[1].
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Tunable drug delivery systems are one of the grand 
challenges of nanomedicine. When nanoparticles flow 
through the bloodstream, they interact with various 
plasma proteins, forming protein layers on the nano-
particle surface, the so-called protein corona. Experi-
ments have shown that intrinsic properties of the na-
noparticle such as size, shape, and surface properties 
modulate the protein corona composition. This has a 
clear influence on the aggregation of nanoparticles and 
their interactions with cell membranes, which can in-
crease or decrease the drug delivery efficiency. Being 
able to do so will enable a class of adaptive nanovectors 
with direct use in therapeutics and theranostics.  

Real biological systems, however, are too complex to 
obtain fundamental understanding of the mechanism 
of protein-nanoparticle interactions. Such understan-
ding can be obtained from computer simulations using 
simplified models with a small number of parame-
ters, reflecting the essential features of the real 
systems. Coarse-grained (CG) molecular simula-
tions have proven to be a powerful tool for the 
study of NPs interacting with biological systems at 
the macromolecular scale [2].  

The major challenge is to perform simulations 
capable of reproducing experimental results by fit-
ting the theoretical approaches. These explain that 
after the corona is exposed to a multicomponent 
system, its composition undergoes a relaxation 
scenario. Fast-diffusing but weakly adsorbing pro-
teins reach the surface first, despite being quickly 
replaced by strong-binding proteins. 

Two stages define the formation me-
chanism of the protein corona on a NP. 
First, a bare NP enters the biological me-
dium having contact with biomolecules 
that adsorb faster, forming the initial 
corona. Second, a protein competition 
takes places, evolving the corona com-
position until an equilibrium state.  

The protein corona is usually classified as hard corona 
(HC) or soft corona (SC), depending on the how strong 
is the protein adsorption. The HC is typically made of 
those proteins directly adsorbed onto the NP’s surface, 
while those at larger distances loosely bound to the sur-
face form the SC. It is habitual to focus the studies on 
the HC as adsorbed proteins remain attached to the NP 
surface after several washing cycles, so can be better 
characterized in experiments. 

From experiments it is apparent that NP’s size affects 
the HC composition [3-8]. Here, we perform numerical 
simulations running on GPUs of a model solution made 
of three most abundant proteins in plasma, which are 
Human Serum Albumin (HSA), Transferrin (Tf) and Fibri-
nogen (Fib). They compete to adsorb onto a silica NP 
which is set to different radiuses, ranging from 10 to 
80 nm. In the parallel protocol we introduce the three 
proteins at the same time, while in the sequential we 
introduce them one by one, with enough time lapse to 
fully precoat the NP. We demonstrate the existence of a 
size effect by looking how does the HC and SC composi-
tion and kinetics change depending of the radius of the 
NP, comparing both sequential and parallel protocols. 
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After the obtention of promising results from 
Cu(In,Ga)Se2 (CIGS) solar cells in laboratory scale, 
achieving efficiencies as high as 23,35% [1] with heavy 
alkali-based post-deposition treatments (PDT) [2], the 
transfer of this process to a pre-industrial module level 
is being developed. 

In this work, we deal with the structural and chemical 
analysis of thin film solar cells grown in a pre-industrial 
inline-system for the CIGS deposition. The devices con-
sist in a stack of Mo\MoSe2\CIGS\CdS\i-ZnO\ZAO grown 
on soda-lime glass (SLG) with a RbF Post-Deposition 
treatment at different source temperatures and thus 

rates. The solar cells show good electro-optical proper-
ties with efficiencies up to 18.0 % without antireflective 
coating. For the obtention of as much information as 
possible different samples were observed: non-comple-
te device stopped after CIGS with RbF at 520°C (prepa-
red by mechanical polishing and subsequent low angle 
ion milling for a PV observation) and three complete 
samples with RbF at 490°C, 520°C and 540°C respecti-
vely, prepared by FIB lift-out technique for a cross-sec-
tion (XS) view. 

In order to fully characterize the samples, different 
microscopy techniques were applied using JEM-2100 
and JEM-2010F electron microscopes, equipped with 
X-ray detector from Oxford Instruments and EELS ener-
gy filter (Gatan) respectively. Besides atomic resolution 
phase contrast imaging (HRTEM) and Selected Area 
Electron Diffraction (SAED), Electron Energy-Loss Spec-
trometry (EELS) in both low-loss and core loss regimes 
was also applied for the analysis of composition. These 
observations were also supported by Energy Dispersi-
ve X-Ray analysis (EDX). Additionally, phase and grain 
orientation maps were obtained by precession assis-
ted electron diffraction (PED) using the Astar system 
from Nanomegas. This technique allows us to study the 
changes in phase or orientation of different grains. In 
order to determine the unit cell 3D electron diffraction 
(3D ED) was also applied. The data acquired was pro-
cessed using the eADT and PETS2 programs in order 
to determine the unit cell of the observed material [3].
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Figure1. Data obtained from the PV 
520°C. (a) Triple grain frontier and 
(b) Astar processed image showing 
orientation and reliability combination 
map and the corresponding 
crystallographic triangle
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Electron Energy-Loss Spectroscopy (EELS) is a power-
ful and functional spectroscopic technique to study 
the composition and properties of materials locally at 
a nanoscale. The technological improvement of the 
Scanning and Transmission Electron Microscopes (S/
TEM) technique leading to higher spatial and energy 
resolution results in an enormous increase of the total 
amount of data acquired in STEM-EELS measurements. 
Thus, currently the EELS technique offers better energy 
and spatial resolutions making possible a better nano-
metric characterization, at the cost of producing large 
spectral datasets, hindering the spectra analysis for the 
spectroscopist.  

The machine learning methods provide a large varie-
ty of tools to properly deal with these large amounts 
of spectral data in an automated manner, at the same 
time that allow for extracting valuable physical informa-
tion. In this sense, a promising machine learning strate-
gy for identifying EELS data is the Support Vector Machi-
ne (SVM) [1], in particular the soft-margin SVM, which is 
a supervised machine learning algorithm allowing the 
multiclass classification, even with non-linear data, and 
that can be used as a probabilistic classifier. 

The soft-margin SVM algorithm has shown promising 
results identifying the oxidation state in transition metal 
(TM) oxides, manganese and iron oxides, through the 
study of their EELS spectra, concretely, their white lines 
(L3 and L2) [2]. The algorithm has been implemented 
in Python programming language from the library Sci-
kit-learn [3], concretely, the LIBSVM library [4]. It has 
presented a performance above 90 % classifying the TM 
oxidation state, and additionally, it has exhibited a good 
performance classifying these EEL spectra considering 
the usual level of noise and additional instrumental 
energy shifts in the spectrum. This very same algorithm 
has been also used to identify the oxidation state using 
the oxygen K edge of the EELS spectra, instead of the 
white lines, and in this case, it has also shown an exce-
llent performance, above 90 %, determining the oxida-
tion state for iron oxides. Besides, it has presented a 
good robustness to the usual level of noise and instru-
mental energy shifts.

Finally, the SVM applied to EEL spectra makes the most 
of the simplicity (it presents few parameters to optimize) 
and short computation times of it to identify the oxida-
tion state of the transition metals correctly and automa-
tically. Furthermore, although it presents fast compu-
ting times for large spectral datasets, they can even be 
reduced by implementing additional algorithms, as the 
Stochastic Gradient Descend (SDG), which is an iterative 
method that optimizes, and so, accelerates model trai-
ning enabling also faster parameter optimization.

The observation of the PV oriented sample allowed 
us to observe clearly the CIGS grains and how the CIGS 
orientation changes from one grain to another. The 
PED technique was used for this particular procedure, 
and showed, as can be seen in Fig. 1, that both the grain 
borders and grain orientation suffer sharp changes.

Unlike previous studies ([4]) no signal of the Cu(In,-
Ga)3Se5 or Rb(In,Ga)Se2 expected layers to be found be-
tween the CIGS and the CdS were observed in any of 
the complete devices nor in the EELS, the EDX or the 
HRTEM (Fig. 2). Also, no remnants of Rb were found in 
the EDX, that were expected from the RbF-PDT, but its 
concentration may be below the detection limit of the 
used microscopes.

Low-loss EELS allowed us to observe different beha-
vior on the plasmon-peaks for all (non-complete and 
complete) samples, that are due to a change in the elec-
tron mean free-path. 

For the SAED patters acquired what was observed 
was that the unit cell of the CIGS found in literature [5] 
did not agree with the diffraction patterns obtained for 
any of the samples, so, later, 3D PED was performed in 
order to obtain the unit cell and the lattice parameters 
of these samples. The 3D PED allowed to determine the 
unit cell, that appeared to be a tetragonal one, of the 
I42d space group (the same one reported in previous 
literature), but with different lattice parameters. 
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Figure2. HRTEM images obtained in 
the CIGS-CdS interface
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In the last decade, there has been a growing interest 
in the development of hydrogels derived from native 
extracellular matrices (ECM) for 3D cell culture as they 
better mimic the physiological cellular microenviron-
ment. Despite improvements in organ decellularization 
techniques, extracellular matrix’s hydrogels obtained 
exhibit lower stiffness than native tissues. A common 
solution to overcome this problem is to mix ECM-ba-
sed hydrogels with high-stiffness biomaterials, such as 
silk[1]. 

However, by incorporating micron-sized fibrous com-
ponents, the structure and the properties of the hydro-
gel is affected and the cell behaviour can be modified. 
Thus, bacterial nanocellulose (BNC), due to the size and 
the robustness of its nanofibers, and its multiples pro-
perties (such as biocompatibility, non-cytotoxicity, high 
natural purity) seems a good compromise[2].

The aim of this work is to reinforce the ECM hydroge-
ls with bacterial nanocellulose to develop a biomaterial 
suitable for the cell culture without micron-sized fibers. 
BNC fibers were produced from BNC films derived from 
the culture of Komagataeibacter xylinus and mixed ho-
mogeneously with high concentration of type I collagen 
from rat tails[3]. Laser confocal microscopy and scan-
ning electron microscope images were used to assess 
the homogenous macro- and micro-distribution of the 
two types of fibers. Elongation capacity and rheological 
properties of these composite hydrogels were compa-
red to type I collagen hydrogels and non-decellularized 
organs. 3D cell culture was assessed to evaluate the cell 
viability inside these hydrogels and their suitability for 
the cell culture.

Figure 1. Confocal microscopy images of hybrid hydrogel composed of collagen and bacterial nanocellulose
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Directed cell migration –the ability of cells to follow 
environmental cues– is an essential mechanism invol-
ved in important tissue processes such as morphoge-
nesis, wound healing and tumor metastasis. This kind 
of cell migration has been mainly studied when media-
ted by focal adhesions at the extracellular matrix (ECM) 
interface. However, important migratory processes du-
ring development or metastasis take place in absence 
of extracellular matrix. These processes are mediated 
by cadherins, a cell-cell adhesion protein that is essen-
tial to maintain tissue integrity, to promote coordination 
and establish cell polarity. In the context of cadherin 
mediated migration, it is unknown how migratory cells 
are able to orient themselves to reach their destination. 
In this work, we report for the first time that human epi-
dermoid carcinoma cell clusters (A431) systematically 
migrate from low to high stiffness regions when seeded 
on a hydrogel coated with oriented E-cadherin mole-
cules, exhibiting a migratory behavior called durotaxis. 
We show that E-cadherin-mediated durotaxis increases 
with cluster size and peaks at a certain local stiffness 
offset. Interestingly, we found that some A431 cell clus-
ters migrate unexpectedly large distances by rolling, 
presenting a non-gaussian migratory behavior. We also 
found that clusters on E-cadherin-coated substrates 
display actin-enriched protrusions, while cluster sprea-
ding area increases with local stiffness offset. Taken to-
gether, these results suggest that durotaxis on E-cadhe-
rin-coated substrates is driven by the interplay between 
traction forces and contractile intercellular stresses in 
what is called a wetting transition. To date, durotaxis 
has only been described on ECM coated surfaces such 
as fibronectin and collagen. In this work we show that 
durotaxis can also be mediated through E-cadherin, 
and this might be key for fundamental processes such 
as development or tumor dissemination.
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Alzheimer’s disease (AD) is characterized by progres-
sive neurodegeneration, being loss of memory the main 
symptom. One of the two main hallmarks is the amyloid 
plaque, formed by extracellular aggregates of amyloid 
fibrils[1,2]. Those are associated with the β-amyloid 
protein, that can polymerize forming aggregates, resul-
ting in disfunction of axons and dendrites[3]. β-amyloid 
aggregation has been thoroughly studied, and nume-
rous ligands have been synthesized in order to target it 
and to inhibit its aggregation[4], such as the new treat-
ment recently approved by the FDA[5].

 

Polyoxometalates (POMs) are early transition metal 
oxide inorganic anionic clusters very well known for 
their redox activity[6]. Its negative charge allows them 
to bind to the β-amyloid monomer, which lowers the 
concentration of free monomer and shifts the equili-
brium away from fibrillization[7]. Therefore, POM-deco-
rated gold nanoparticles (AuNPs@POM) could be used 
as a drug delivery system for inhibiting β-amyloid fibri-
llization[8,9]. 

In the framework of this project, gold nanospheres 
have been functionalized with POMs, specifically with 
β2 isomer of the monolacunary 11-tungstosilicate 
(β2-K8SiW11O39), which has promising effects in β-amyloid 
fibrillization inhibition. To evaluate the system as a pos-
sible therapeutic agent for β-amyloid fibrillization inhi-
bition, evaluation of AuNPs@POM cytotoxicity in neuro-
vascular cell cultures in vitro was performed and it was 
evaluated β-amyloid fibrillization inhibition in vitro by 
AuNPs@POM as well as the permeability of the AuNPs@
POM in the blood brain barrier (BBB) in an organ on a 
chip microfluidic system.
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Active soft matter is composed of non-equilibrium 

self-driven entities that often develop orientational or-
der. The main property of these systems is that each 
constituent is able to convert stored or ambient energy 
into systematic movement. Because of the interaction 
between the entities, these systems exhibit collective 
behaviour [1]. 

One of the most fascinating active matter systems is 
obtained by in-vitro cytoskeletal reconstitutions based 
on dense suspensions of microtubules [2]. The latter 
are bundled together under the depleting action of 
polyethylene-glycol (PEG), which facilitates crosslinking 
and internal shearing by dimeric kinesin-streptavidin 
motor clusters. Fuelled with adenosine triphosphate, 
the bundles are permanently subjected to extension 
and buckling (Figure 1a). This mixture arranges as an 
extensile active gel. However, in the presence of a bio- 

compatible soft and flat interface this bulk-material is 
condensed towards the interface driven by the deple-
tion force. The resulting active layer, known as active 
nematic, adopts a characteristic long-range orientatio-
nal order, continuously permeated by large-scale flows 
and locally interrupted by regions void of microtubules 
that configure semi-integer defects (Figure 1b). The 
chaotic dynamics of this active layer with continuous 
defect creation and annihilation corresponds to a state 
of active nematic turbulence [3]. 

Active nematic dynamics can be influenced by means 
of rheology [4], magnetic fields [5] and confinement [6]. 
Nevertheless, these experimental systems lack spatio-
temporal control. Taking advantage of novel bioengi-
neering, kinesin motors have been fused to optically 
dimerizable iLID proteins [7], offering the opportunity 
to include light control in the active nematic. Unlike the 
control strategies mentioned above, the new protocol 
offers a control ability that is intrinsic to the material. 
In the modified system, light activates reversible linking 
between kinesins (Figure 2), allowing the formation and 
spontaneous motion of the active nematic filaments, 
while, turning off the light, motor clusters are disenga-
ged thus stopping active nematic movement. Employing 
light patterns with arbitrary spatial and temporal cha-
racteristics we intend to couple external and intrinsic 
length and time scales, and unveil new scenarios of spa-
tio-temporal dynamics in active matter. 

Figure 1. Active nematic formation by in-vitro cytoskeletal 
reconstitutions at a water-oil interface. a) Microtubules are 
bundled together under the depletion force applied by PEG 
and crosslinked with dimeric motor clusters. b) Fluores-
cence microscopy image of the active nematic. Examples 
of semi-integer defects are highlighted (+1/2 in white and 
-1/2 in black)

Figure 2. Kinesin motors have been fused to optically 
dimerizable iLID proteins allowing the reversible linking 
between kinesins in the presence of light
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Gene therapy is a promising selective strategy for 
treating cancer and other genetic diseases. Howe-
ver, the physicochemical properties of DNA prevent 
its internalization in cells, and for that reason appro-
priate vehicles are needed[1]. We have recently desig-
ned and synthesized the cationic gemini amphiphile 
1,3-bis[(4-oleyl-1-pyridinio)methyl]benzene dibromide 
(DOPY), which can interact with PolyPurine Reverse 
Hoogsteen hairpins (PPRHs) forming vesicles that are 
able to transfect cancerous cells, including PC3 and 
hard-to-transfect neuroblastoma SH-SY5Y cells[2]. 

In this work we show that DOPY can also be used to 
synthesize and stabilize water-soluble gold nanopar-
ticles (GNP.DOPY) as a nanomaterial for gene thera-
py. GNP.DOPY show an SPR band at 536 nm and a 
mean diameter of 5 nm according to UV-vis absorption 
spectroscopy. According to electrophoretic mobility 
experiments, GNP.DOPY can interact electrostatica-
lly with PPRHs. In addition, Transmission Electron Mi-
croscopy has shown that GNP.DOPY can completely 
coat the strands of PPRH forming a complex (GNP.
DOPY-PPRH), which can be successfully internalized 
in cancerous PC3 cells as observed by Fluorescence 
Microscopy.

Preliminary experiments using a PPRH for silencing 
the Survivin gene show that cancerous PC3 cells trea-
ted with GNP.DOPY-PPRH have decreased viability as 
a result of the successful transfection. These results 
show GNP.DOPY as a promising nanomaterial for 
gene therapy. 
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Cellulose is the most abundant biopolymer on Ear-
th. The biosynthesis of cellulose takes place not only in 
plants but, also in Bacteria. Bacterial nanocellulose (BC) 
is synthesized and extruded outside the cell by some 
microorganisms, especially from the genera Komaga-
taeibacter. BC presents unique properties that make it 
superior for many applications. BC displays a high de-
gree of polymerization and crystallinity, great mechani-
cal strength, and a high water-holding capacity. BC is 
also biodegradable and biocompatible (Klemm et al., 
2005).

Enzymes can modify cellulose fibers in a sustainable 
and selective way, unlike chemical and physical treat-
ments, giving them novel and multifunctional proper-
ties. A great effort is currently being made to charac-
terize these enzymes, due to their great potential for 
biomodification and valorization of renewable substra-
tes. A new type of cellulosic enzyme, called polysaccha-
ride lytic monooxygenase (LPMO), has recently been 
identified and characterized. Its mechanism of action, 
unknown until 2010 (Vaaje-Kolstad et al., 2010), depoly-
merizes polysaccharides by oxidative breakdown, gene-
rating carboxylic groups. This activity has opened a new 
range of applications due to the functionalization that 
it confers on the polysaccharide, which differs from the 
traditional enzymatic hydrolysis.

Currently, we are working with two LPMOs: SamLP-
MO10C from Streptomyces ambofaciens, and LPMOS-
ha10A, from Streptomyces halstedii. Two strategies have 
been used to express these two LPMOs: a homologous 
expression in Streptomyces lividans and an heterologous 
expression in Escherichia coli. Both expression systems 
have resulted in functional enzymes.

ShaLPMO10A has been identified and chosen for its 
potential on cellulosic fibers. Through tests carried out 
on crystalline cellulose, its oxidative activity was verified 
obtaining oxidized products at carbon 1 of the glucose 
subunits of the cellulose chains.

In a binding assay to bacterial nanocellulose, it has 
been observed that both LPMOs bind strongly to the 
substrate. This is interesting because cellulose can be 
biomodified by these enzymes, which opens a range 
of possibilities for the development of cellulose-based 
products modified by these enzymes.
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In the present work, we experimentally study the 
transport of particles in a quasi-one-dimensional (q1D) 
periodic potential. We compare the experimental re-
sults with simulations based on the Brownian Asym-
metric Simple Exclusion Process [1, 2], and we discuss 
the importance of hydrodynamic interactions (HI) in 
flow-driven particle transport.

The experimental setup consists of 27 time-shared 
optical tweezers, which create individual Gaussian po-
tential wells, uniformly distributed in a ring-shape con-
fining up to 27 colloidal particles. We rotate the optical 
traps at constant angular velocity to create a quasi-si-
nusoidal traveling potential landscape. Varying the 
number of particles in the potential landscape allows 
us to measure the fundamental diagram of the system, 
which is the colloidal current as a function of the parti-
cle density. We find that for different potential landsca-
pe barrier heights the particle current density decrea-
ses after reaching a maximum value. 

We compare the experimental results with simu-
lations, and we attribute the decrease of the current 
density relationship to the jamming produced by the HI 
between particles. We explain this phenomenon using 
the equations of motion that include HI and show that 
the latter enhances the potential barrier in flow-driven 
systems. This is opposed to previous observations in 
force-driven systems, which remark the fundamental 
difference with our flow-driven system.
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It is possible to assemble a biomimetic active material 
from microscopic components like cells’ filaments and 
protein motors. This material consumes energy and 
generates continuous motion. Such active systems are 
capable of self-organization at different length and time 
scales, often exhibiting turbulent flows and the emer-
gence of long-range orientational order, which is cha-
racteristic of active nematics. Previously it was demons-
trated that, by bringing into contact a two-dimensional 
nematic liquid crystal with anisotropic oil that features 
smectic liquid-crystalline order, it is possible to trans-
form the originally turbulent flow of the active fluid into 
well-aligned flow ordered by a magnetic field [1].

We attempted to characterize quantitatively the or-
der-disorder transition of active nematic in a simple and 
intuitive way. We demonstrated that the average pro-
jection of active nematic directors on the direction de-
termined by external magnetic field could be used as an 
order parameter (OP) for this system. The OP could be 
calculated from fluorescent images, as a projection of 
the local orientation of bundles of MT filaments on the 
ordering direction (orthogonal to the magnetic field). 
This OP allows to discriminate clearly between turbu-
lent and aligned states of the active nematic, and to ex-
tract internal properties of this system such as “order 
oscillations”. The last ones probably reflect some inter-
nal property of the active nematic and could be related 
to the relaxation of accumulating distortions.
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The formation of new vasculature from pre-existing 
blood vessels, or angiogenesis, occurs in numerous 
physiological and pathological conditions. A standard 
approach to study angiogenesis is to investigate the 
underlying cellular mechanisms focusing on endothelial 
cell (EC) motility in response to proangiogenic molecu-
les such as vascular endothelial growth factor (VEGF). In 
cultured ECs, VEGF induces directed cell motility and a 
chemotactic response often described as a drift in the 
direction of the growth factor gradient. 

Here, we present a novel model to describe chemo-

tactic EC migration in response to proangiogenic factors 
by using the Ginzburg-Landau theory, incorporating the 
effect of the chemoattractant factor into the system 
energy. We present the collective migration of ECs in a 
pore promoted by the influence of a chemotactic factor.

Angiogenic factor 
distribution 

Endothelial cell 
migration (from right 
to left)

Position of the tip as a function of 
the time-step (x103)

The first three terms of the dynamic equation, the ϕ dependent terms, stand for the cohesion of collective cells 
by introducing a surface tension into the system. Bϕ, Bϕ=ϵC0 (ϕ2-1), is the effect of the chemotactic factor towards 
ECs. The first term, B , stands for the chemotactic response of ECs to chemotactic factors affecting only the outer 
layers of the endothelium and the second, ∇B_ϕ⋅∇ϕ directs migration towards the source of chemotactic factors. 
This allows us to capture biologically observed phenomena of surface activation in response to VEGF gradients. 

By defining a chemotactic factor gradient on the background plus adding gaussian-like distributions of a given 
chemotactic factor inside the pore, we have been able to describe the dynamics of EC collective migration.

P13
NOVEL DECELLULARIZATION METHOD FOR LUNG TISSUE SLICES

	 mnarciso@ibecbarcelona.eu

M. Narciso1,3, A. Uldemolins1, C. Júnior1,3, 
J. Otero1,2,3, D. Navajas1,2,3, R. Farré1,2,4, 
N. Gavara1,3, I. Almendros1,2,4*

1 �Unitat de Biofísica i Bioenginyeria, Facultat de Medicina 
i Ciències de la Salut, Universitat de Barcelona, Spain.

2 �CIBER de Enfermedades Respiratorias, Madrid Spain.
3 �The Institute for Bioengineering of Catalonia (IBEC), 

The Barcelona Institute of Science and Technology, 
Barcelona, Spain.

4 �Institut d’Investigacions Biomèdiques August Pi i 
Sunyer, Barcelona, Spain.

The decellularization of the lung – the removal of all 
its cellular material leaving only the extracellular matrix 
(ECM) scaffold - is essential to the study of pulmonary 
physiology and physiopathology as well as for regenera-
tive medicine and tissue engineering. Currently, perfu-
sion of detergents and/or enzymes through the trachea 
and the pulmonary artery is the most common protocol 
to decellularize whole lungs. However, decellularization 
of the whole lung is not always the desired endpoint, 
due to the anticipated procedures to be carried out on 
the remaining ECM scaffold. Accordingly, an optimal 
protocol has not yet been established for the decellula-
rization of lung thin slices attached to a glass slide. The 
aim of this work was to develop a decellularization me-
thod for lung tissue slices that preserves their compo-
sition and structure, without detachment from a glass 
slide. To achieve this, we compared different decellula-
rizing agents from past works and tested their effective-
ness in removing cellular content while also preserving 
their ECM. To this end, we assessed the fluorescence 
intensity of DAPI staining, using a custom image analysis 
pipeline, as an indicator of the remaining cells. The pre-
sence of type I collagen and elastin were also quantified 
using immunostaining followed by the same fluores-
cence quantification pipeline. We found that SDC 2 % 
was the most effective agent for decellularization (93 % 
decrease in DAPI fluorescence signal when compared 
to native tissue) and maintenance of ECM lung struc-
tures and composition (11 % decrease in collagen I sig-
nal and 7 % decrease in elastin signal). Conversely, SDS 
was effective in cellular removal (99 % decrease in DAPI) 
but its negative effects on matrix protein content were 
already widely reported. Other decellularization proto-
cols based on CHAPS, triton and ammonia hydroxide 
decreased DAPI intensity by 65 %, 53 % and 56 %, res-
pectively, not achieving full cellular removal. The opti-
mal SDC 2 % protocol was further evaluated in porcine, 
mice and rat lung slices, achieving similar levels of dece-
llularization. In addition, the scaffolds resulting from the 
optimized protocol were mechanically characterized 
using AFM and recellularized with mesenchymal stem 
cells to assess their biocompatibility. The decellulariza-
tion method presented here has the advantage of not 
requiring fixation or additional adherence treatments, 
is fast and can be especially suitable in studies which 
require the identification of some regions microscopi-
cally prior to in situ decellularization or human biopsies.
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The unifying property of active fluids is their ability to 
flow on their own thanks to the internal stresses produ-
ced by their constituents. Bacterial suspensions, sperm, 
mixtures of cytoskeletal proteins and cell monolayers 
are typical examples of active fluids. Despite operating 
at low Reynolds number, where inertia is negligible, the-
se systems can trigger chaotic flows, which have been 
termed active turbulence due to the visual resemblance 
with conventional turbulence. Nevertheless, the extent 
of this similarity remains disputed. Here, we work with 
an active fluid layer with orientational order, composed 
by kinesins and microtubules from the cytoskeleton 
[1] (see Fig. 1), and we demonstrate the existence of 
scaling regimes with universal exponents, like in inertial 
turbulence. More precisely, we corroborate experimen-
tally the existence of two theoretically predicted scaling 
regimes [2,3], and reveal a new one that arises from the 
coupling of the active layer with the surrounding fluids. 
We demonstrate that the way kinetic energy of the ac-
tive material partitions across different scales depends 
on the viscous coupling with the environment [4].
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Figure 1. Active nematic based on proteins from the cy-
toskeleton showing active turbulence. Left: Fluorescence 
micrograph of the AN. Right: Image on the left with the 
velocity field showing a pattern of swirls. Scale bar is 
100 µm
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Photodynamic therapy (PDT) is an approach that is 
gaining interest in medicine, and most particularly in 
cancer treatment. This is thanks to its high selectivity, 
low side effects, lack of drug resistance, non-invasive 
nature and easy combination with other treatments[1]. 
PDT requires the simultaneous presence of a photo-
sensitizer, molecular oxygen and light. Upon irradiation 
and subsequent intersystem crossing, the photosensi-
tizer ends into a long-lived triplet excited state, which 
reacts with a biomolecule and/or molecular oxygen and 
releases, respectively, reactive oxygen species (ROS) 
and/or 1O2. Such species are extremely harmful and will 
induce severe cellular damages, resulting in necrosis 
and/or apoptosis[2].

In this work, we present our latest results on the use 
of cyclometallated Ir(III) complexes as photosensitizers 
for their application in PDT. Moreover, we describe how 
the use of drug delivery systems, such as albumin-ca-
pped gold nanoparticles, modifies the in vitro biological 
activity and mechanism of action of the iridium drug in 
tumor cell lines.

NanoPharmaMed
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Neurodegenerative diseases diseases are increa-
singly prevalent in developed countries. Huntington’s 
disease (HD), an autosomal neurodegenerative disea-
se, is mainly characterized by a motor dysfunction ac-
companied by behavioural disturbances ranging from 
irritability, apathy to depression and cognitive decline 
(1). Currently, HD affects ca. 5-10/100,000 individuals in 
developed countries with recent rises potentially linked 
to an increase in mutation rates.The main cause of its 
appearance is the incorrect folding of protein Hunting-
tin. HD is a chronic pathology, with affected individuals 
expected to survive for 15–20 years after the onset 
of first symptoms. There are only two drugs currently 
approved by the Food and Drug Administration for the 
treatment of HD, tetrabenazine and its deuterated de-
rivative SD-809, but they do not cure the disease and 
lead to serious adverse effects, such as deterioration 
of pre-existing depressions[1]. For this reason, many 
efforts have been done to find new treatments for this 
pathology. Phytochemicals have shown to provide neu-
roprotection in many neurodegenerative diseases. In 
this sense, Epigallocatechin-3-gallate (EGCG) has arou-
sed much interest for its multiple beneficial effects in 
neurological diseases, but its stability and bioavailability 
problems compromise its therapeutic success[2]. The 
use of nanomaterials for the development of controlled 
drug release systems is one of the most interesting al-
ternatives of the last decades for the administration of 
compounds with these characteristics. Polymeric nano-
particles (NPs) are among the most explored vehicles in 
nanomedicine, specifically those composed of poly (lac-
tic-co-glycolic acid) (PLGA) matrices. Thus, here we pre-
sent EGCG-loaded PLGA-PEG NPs (EGCG NPs) to pro-
tect the EGCG stability, improve its brain penetration 
and enhance the symptomatology of HD[1]. For this 
aim, NPs were prepared by the double emulsion me-
thod and a physicochemical study was performed. An in 
vitro and ex vivo models of the blood-brain barrier (BBB) 
were developed to evaluate the penetration of EGCG 
NPs into the brain[2]. 3-nitropropionic (3-NP) C57BL/6 
mice model was used to evaluate the nanocarrier effi-

cacy. Beam-walk and Tail Suspension tests were used 
as determinant parameters of motor behavior and de-
pressive state, respectively. Immunohistochemistry of 
glial fibrillary acidic protein (GFAP) were performed to 
evaluate the neuroinflammation state of study groups. 
Fluorojade-C and Nissl staining was performed to 
analyze the neurodegeneration. Obtained results evi-
denced that EGCG NPs induce tight junction disruption 
and opened the BBB in vitro and ex vivo, leading to an in-
crease of EGCG amount in the brain. Treatment of 3-NP 
mice with free EGCG NPs resulted in a significant impro-
vement in the neurological score, which was close to 0. 
Likewise, EGCG NPs exhibited a potent antidepressant 
effect in 3-NP HD-induced mice. In addition, EGCG NPs 
significantly reduced the motor dysfunctions, neuroin-
flammation and neurodegeneration of treated mice, 

more than free drug (2). In summary, the current study 
adds to increasing evidence of significantly improved 
pharmacological effectivity of EGCG when loaded into 
PLGA-PEG NPs. Mechanistically, we propose that stabi-
lisation of EGCG in NPs complexes and a destabilised 
BBB led to higher therapeutic EGCG concentrations 
in the brain, which clearly participate in the increased 
effect of the drug. Indeed, NP encapsulation clearly ren-
ders EGCG more robust for in vivo application and thus 
EGCG/AA NPs will facilitate future pre-clinical studies 
assessing the effectiveness of this phytochemical in ND. 
Our data highlight the potential benefits of this novel 
NPs formulation to manage the neurological symptoms 
of HD and thus, we propose that EGCG/AA NPs could 
be a novel and promising adjuvant for the symptomatic 
treatment of a wide range of ND, and HD in particular.

References
1. �Cano A, Ettcheto M, Espina M, Auladell C, Folch J, Kühne BA, et al. Epigallocatechin-3-gallate PEGylated poly 

(lactic-co-glycolic) acid nanoparticles mitigate striatal pathology and motor deficits in 3-nitropropionic acid 
intoxicated mice. Nanomedicine (Lond). 2021;16(1):19–35.

2. �Cano A, Ettcheto M, Chang J, Barroso E, Espina M, Kühne B, et al. Dual-drug loaded nanoparticles of Epigal-
locatechin-3-gallate ( EGCG )/ Ascorbic acid enhance therapeutic efficacy of EGCG in a APPswe / PS1dE9 
Alzheimer’ s disease mice model. Journal of Controlled Release. 2019;301:62–75.

 48 | IN2UB Annual Meeting 2021 BOOK OF ABSTRACTS BOOK OF ABSTRACTS IN2UB Annual Meeting 2021 | 49 



P17
BIODEGRADABLE RILUZOLE 
NANOPARTICLES WITH THERAPEUTIC 
POTENTIAL FOR ALZHEIMER’S 
DISEASE
	 gesteruelas@ub.edu

G. Esteruelas1,2*, L. Bonilla1,2, V. Garcia1, 
M. Espina1,2, A. Cano1,2, E. B. Souto3, M. L. Garcia1,2, 
E. Sánchez-López1,2

1 �Department of Pharmacy, and Pharmaceutical 
Technology and Physical Chemistry. Faculty of 
Pharmacy and Food Science. University of Barcelona, 
08028 Barcelona, Spain

2 �Institute of Nanoscience and Nanotechnology (IN2UB). 
University of Barcelona; 08028 Barcelona, Spain

3 �Faculty of Pharmacy (FFUC). Department of 
Pharmaceutical Technology. University of Coimbra, 
Pólo das Ciências da Saúde, Azinhaga de Santa Comba, 
3000-548 Coimbra, Portugal

It is well known that life expectancy has increased sig-
nificantly. Moreover, the incidence of neurodegenerative 
diseases such as Alzheimer’s disease (AD), constitutes 
one of the main causes of dementia worldwide, affecting 
more than 46.8 million people. Despite this high inci-
dence, no treatments are available able to cure AD[1]. In 
this sense, low drug penetration trough the Blood Brain 
Barrier (BBB) constitutes a major drawback for AD treat-
ment. Therefore, nanostructured systems may facilitate 
drug transport across the BBB offering a pro-
longed and sustained release.  Among diffe-
rent types of nanostructured systems, PLGA 
nanoparticles (NPs) are approved by the FDA 
and have been widely used for pharmaceuti-
cal applications. Moreover, among different 
strategies, Riluzole (RLZ) is a neuroprotecti-
ve drug with high potential for AD. However, 
due to its physicochemical characteristics its 
transport across the BBB is highly limited. 
Consequently, in the present study, PLGA 
nanoparticles (NPs) have been developed 
encapsulating RLZ.

To carry out the preparation of RLZ loaded 
NPs, the solvent displacement method was 
used[2]. In order to optimize the formulation 
obtaining the maximum information with the 
minimum number of experiments, a central 
factorial experimental design was carried 
out. RLZ NPs were characterized physioche-
mically by analysing average size, polydisper-

sity index, zeta potential and encapsulation efficiency. 
RLZ loaded NPs interactions were assessed by means of 
differential scanning calorimetry (DSC), Fourier transform 
infrared spectroscopy  (FTIR) and X-ray diffraction (XRD). 
In addition, RLZ loaded NPs were negatively stained and 
visualized using transmission electron microscope.

In the optimization process of RLZ loaded NPs, signi-
ficant parameters were studied. In this way, pH was one 
of the independent variables that highly influenced the 
physicochemical parameters of RLZ NPs. Moreover, op-
timized RLZ NPs showed an average size below 200 nm 
and a monomodal population. In addition, entrapment 
efficiency was higher than 90 %. Interaction studies (DSC 
and XRD) showed that RLZ was encapsulated and disper-
sed within the polymeric matrix. Moreover, FTIR confir-
med that no new bonds between RLZ and PLGA were 
formed. Finally, microscopical images (Figure 1) showed 
that RLZ NPs possess a spherical shape without any signs 
of aggregation.

In conclusion, a new drug delivery system based in bio-
degradable polymeric PLGA NPs able to encapsulate high 
amount of RLZ has been optimized and physiochemically 
characterized. In this sense, RLZ NPs could constitute a 
suitable drug delivery system for the treatment of AD.

Figure 1. A) Transmission electron microscopy of RLZ NPs, 
B) XRD profile of RLZ NPs and their components and 
C) DSC thermograms of RLZ NPs and their components
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Glaucoma is one of the leading causes of blindness 
worldwide. It constitutes a multifactorial optic neuropa-
thy; which cause is still unknown and its major risk factor 
is the elevated intraocular pressure (IOP). To date, there 
is no effective treatment able to cure glaucoma and the 
majority of the available therapies focus on IOP reduc-
tion. In this sense, Melatonin (MEL), is a neurohormone 
synthesized in the eye, which has been proven highly 
effective in order to reduce IOP. However, MEL suffers 
from instability and poor bioavailability in inner tissues 
when administered topically. Therefore, MEL bioavailabi-
lity can be improved by developing drug delivery systems 
such as the last generation of lipid nanoparticles (NLC).

The aim of this work is the encapsulation of MEL into 
NLC functionalized with a cationic lipid for topical admi-
nistration in order to reduce IOP [1]. NLC were prepared 
by hot high-pressure homogenization method and a de-
sign of experiments was used to optimize the developed 
formulation, where a series of independent parameters 
and their influence on NLC properties were studied. Af-
ter obtaining an optimized formulation, a cationic lipid 
was added to increase the retention time on the ocular 
surface. The morphology of the optimized NLC was de-
termined by transmission electron microscopy (TEM). 
Moreover, in vitro ocular tolerance was carried out per-
forming the HET-CAM® test as described in the INVITTOX 
n°15 protocol. HET-CAM is based on the observation of 
the irritant effects (bleeding, vasoconstriction and coagu-

lation) in the chorioallantoic membrane (CAM) of an em-
bryonated egg. Ocular irritation was determined using 
the ocular irritation index (OII) [2]. 

An optimized formulation coated with a cationic lipid 
was obtained showing a mean average size below 150 nm 
and a polydispersity index lower than 0,300. Moreover, 
zeta potential was around 20 mV which will facilitate NLC 
internalization. Developed NLCs were able to encapsula-
te around 50 % of the initial MEL. TEM images demons-
trate that MEL NLC were spherical and non-aggregated 
with an average size that was in agreement with DLS me-
asurements. In vitro ocular tolerance was studied using 
the HET-CAM test, by applying 300 μl of the substance 
directly to the CAM. In this sense, NaCl 0.9 % was used as 
a negative control and NaOH as a positive control (Image 
1 and 2 respectively). MEL NLC and free MEL solution, 
were assessed and their OII was calculated. The results 
of MEL NLC revealed optimal ocular tolerance during the 
first 5 min of application being classified as non-irritant 
(Image 3). Otherwise, free MEL solution was moderately 
irritating (Image 4). This difference may be due to the fact 
that NLC are able to release MEL in a prolonged manner 
avoiding its irritant effects.

In conclusion, cationic MEL loaded NLC were optimized 
in order to be topically applied for the treatment of glau-
coma and showed an optimal ocular tolerance in vitro. 
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Image 1. Positive control NaOH 0.1M
Image 2. Negative control NaCl 0.9 %
Image 3. NLC MEL
Image 4. Free MEL
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One of the most prevalent pathologies in ophthal-
mology is ocular inflammation. Since conventional 
treatments such as corticosteroids, cause various side 
effects, drug alternatives have become an unmet me-
dical need. In this sense, bovine lactoferrin (bLF), an 
iron-binding glycoprotein, constitutes a promising al-
ternative due to its important antioxidant and anti-in-
flammatory properties[1].

However, its instability in aqueous solution and na-
solacrimal duct drainage compromises its potential 
effectiveness, resulting in a pre-corneal drug half-life of 
1-3 minutes and only a 5% of the dose penetrates the 
cornea and is able to reach intraocular tissues[2]. To 

overcome these drawbacks, bLF has been encapsula-
ted into a biodegradable polymer for the development 
of a colloidal carrier for controlled drug release, aimed 
to enhance their corneal surface contact and their ocu-
lar penetration into the different structures[3]. 

bLF nanoparticles (NPs) were prepared using the 
double emulsion method and optimized using the 
design of experiment (DoE) approach. The optimized 
formulation showed a monodisperse population with 
an average size of 130 nm and positive surface char-
ge. Cells culture assays did not show cytotoxic effects 
on corneal epithelial cells. The ability to inhibit inflam-
matory response caused by lipopolysaccharide was 
also evaluated obtaining a significantly decreased in 
the expression of proinflammatory cytokines, such as 
IL-8 and TNFα. Moreover, it was evaluated the cellu-
lar internalization of bLF-NPs associated to Rhodami-
ne. NPs visualized by confocal fluorescent microscopy 
were found in the cytoplasm (Figure 1). In addition, the 
in vivo assay consisted of the ocular uptake of the fluo-
rescent formulation was carried out. bLF-NPs were ad-
ministered in the right eye of C57BL/6 adult male mice, 
after 48 h, the sectioned eye was analysed by fluores-
cence microscopy. Great fluorescence was observed 
in both the anterior and posterior segment of the eye 
treated with bLF-NPs.

According to the above studies, we have developed a 
novel nanotechnological tool in the treatment of ocular in-
flammation. The development of bLF-NPs could constitute 
a new non-invasive system for ocular treatment of con-
ditions affecting both the anterior and posterior tissues.
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Figure 1. Cellular uptake 
of bLF-NPs (dilution 1:50). 
Images are representative of 
three independent biological 
experiments. 3D surface 
mapping analysis of inter-
nalized NPs (green signal)
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Nanomaterials (NMs) are an emerging class of func-
tional materials with a wide range of applications. Appli-
cations of NMs in the field of biomedicine includes from 
drug delivery systems and platforms to coated medi-
cal devices. However, concerns have been expressed 
about the risks of such materials and whether they can 
cause adverse effects. Studies of the potential hazards 
of NMs can be studied without the use of experimental 
animals. Other research involving nanomaterials is their 
potential antitumoral effects or its use to enhance the 
therapeutic efficacy of anticancer drugs. All these in vi-
tro methodologies constitute the research in our group. 
Here, we present the principal methods and techniques 
performed in our laboratory and the most significant 
results obtained. 

Thus, in the case of NMS for uses that imply ente-
ring blood vessels or contacting blood or blood compo-
nents, we evaluated their effects on coagulation, hae-
molysis and complement activation. These studies are 
performed with human blood and constitute simple and 
reliable methods following protocols developed for re-
gistration purposes. NMs are also found in formulations 
used in photoprotection. The study of photoprotective 
activity is also possible to be evaluated by using human 
derived cells exposed to UV light and studying cell via-
bility, interleukin release and UV-induced DNA damage. 
Other interesting application is its use as targeted deli-
very systems to improve the potential antitumor activi-
ty by various strategies. In vitro studies allow to assess 
the cytotoxicity of such nanosystems and compare their 
efficacy in front of the raw compounds thanks to the 
use of different cancer cells and non-tumoral cell lines. 
This strategy must be the first line of preclinical studies 
not only for scientific reason (better understanding of 
mechanism for example) but also for ethical and eco-
nomic reasons. 
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Figure 1. Photoprotection of free 
EAF and EAF-loaded P. granatum 
nanoemulsions against UVB-induced 
DNA damage [1] 

Figure 2. Coagulation time of different 
Nanoparticles [2]

Figure 3. Unloaded-PLGA-NPs in 
DOX-sensitive and resistant tumor cell 
lines by MTT assay [3] 
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Interactions of nanomaterials (NMs) with blood or 
blood components is a preliminary step to characterize 
their cytotoxic profile. In vitro studies offer the possibi-
lity to evaluate such NMs before to address more com-
plex and toxicological preclinical studies. However, the 
origin of blood, the composition of media or other are 
fundamental parameters than can lead to erroneous 
conclusions. Here we study the influence of different 
parameters on the potential haemolysis induced by 
commercial ZnO micro and nanoparticles (<50nm and 
<100 nm). For comparative purposes, some assays 
also were performed with AlO3 (raw, nanopower 13 nm 
and nanowires). Previous studies of our group have 
determined the hemolytic activity of micro and nano-
particles of ZnO using phosphate buffer solution (PBs, 
pH7.4) and observed that ZnO particles tend to aggre-
gate. However, when using the physiological solution of 
NaCl 0.9 % we observed a decrease of hemolytic acti-
vity in parallel with increase in ZnO concentration. In 
this sense, Cho et al., (2013) describe that haemoglobin 
protein adsorb to ZnO nanoparticles and thus an unde-
restimation of their potential hemolytic activity (1). This 
adsorption was demonstrated by incubating a haemog-
lobin solution in different media (PBS, NaCl 0.9 % and 
Tris-maleate buffer) and at different pH (5.7 and 7.4) in 
the presence of two metal oxides ZnO and AlO3 (micro 
and nano). Results show that only zinc oxide can adsorb 
the haemoglobin protein in acidic media.

Other important thing is the origin of erythrocyte cells 
and the conditions of hemolytic assay. For these purpo-
ses, we have studied the hemolytic activity of different 
concentrations of ZnO particles in PBS and in PBS con-
taining 0.5 mg/ml of albumin at room temperature and 
37°C (using an incubator). Suspension of rat or human 
red cells were used for comparative purposes. Results 
obtained for both cell types at room temperature were 
inconsistent and with high variability and we attribu-
ted this inconsistency the impossibility of maintaining 
constant room temperature. Related to inclusion of 
0.5 mg/ml of albumin, no significant effects were recor-
ded suggesting that protein corona is not formed in this 
condition. Finally, related to erythrocyte sources, we 
found higher haemolysis in the case of rat than human 
origin probably due to by the existence of differences 
in cellular membrane lipid and protein composition be-
tween both species.

In conclusion, a good description of the different con-
ditions related to biological assays to characterize NMs 
is fundamental to reach reliable and conclusive inferen-
ces about their toxicological activity.
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Skin inflammation is one of the most common skin 
problems [1,2]. The intensity of inflammation and the 
time to resolution are critical in avoiding or limiting da-
mage to normal skin tissue. Non-steroidal anti-inflam-
matory drugs (NSAID) and also glucocorticoids are cu-
rrently used to treat inflammation, but severe adverse 
effects make these drugs unsuitable for chronic thera-
pies [3,4]. Plant-derived natural compounds may poten-
tially be suitable in this regard [5,6]. Flavonoids have the 
potential to inhibit the enzymes involved in the metabo-
lism of arachidonic acid (AA) decreasing the release of 
the inflammatory mediators derived from this pathway 
[2]. In addition, the nanostructured systems provide 
an advantage in improving the delivery of flavanones 
into the active site [7]. In our previous investigations,  

we have shown that in vivo, the topic application of the 
FF1 produces an anti-inflammatory effect on skin [8]. 
Based on the above, the aim of this research was the 
evaluation of IL-1β, IL-6, and TNF-α gene expression in 
the AA edema rat model after treatment with a flavano-
ne extracted from E. platycarpa formulated in a nanos-
tructured system (FF1).

Materials and methods
The components of the nanostructured formulation 

of flavanone 1 ((2S)-5,7-dihydroxy-6-prenylflavanone)) 
(FF1, 5 %w/w) were: Labrasol, Labrafac lipophile, Plurol 
oleique and propylene glycol. The test AA edema rat 
model was developed using adult male Sprague Dawley 
rats. Firstly, an arachidonic acid solution (5 mg/ mL) was 
applied on both sides of all the animals ‘ears (n = 5, 
200 - 240 g), except the negative control group (C-). The 
animals in the positive control group (C+) were treated 
only with an AA solution. The experimental group was 
treated with 50 µL of FF1. In parallel, another group was 
treated with commercial gel diclofenac sodium 10 mg/g 
as the reference drug formulation (RdF). Passed 20 min 
of treatment, the quantification of cytokine mRNA ex-
pression was assessed from small sections of rat ear 
tissue. Total RNA was isolated using TRIZol method fo-
llowing the manufacturer´s protocol. RNA concentra-
tion and quality were tested and the RNA integrity was 
verified. The RNA was reversed transcribed to cDNA 
using a High Capacity cDNA Reverse Transcription kit. 
Afterward, qPCR was performed using a Master Mix 
and specific oligonucleotides for IL-6, TNF-α and IL-1β 
(Table 1). Relative gene expression of each gene was 
normalized to β-actin and the 2- ΔΔCt formula was used to 
calculate fold-change.

Table 1: Primer sequences used for quantitative RT-qPCR.

Gene 
(Rat)

Primer sequences (5´- 3´) Gene accession 
number

IL-6 FW: AGAAAAGAGTTGTGCAATGGCA
RV: GGCAAATTTCCTGGTTATATCC

NM_012589.2

TNF-α FW: AAATGGGCTCCCTCTCATCAGTTC
RV: TCTGCTTGGTGGTTTGCTACGAC

NM_012675.3

IL-1β FW: CACCTCTCAAGCAGAGCACAG
RV: GGGTTCCATGGTGAAGTCAAC

NM_031512.2
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Results 
Treatment with FF1 significantly reduced the expression of TNF-α, IL-6 and IL-1β (Figure 1). For IL-6 expression, 

the inhibitory activity of FF1 was higher than the reference anti-inflammatory drug formulation (RdF). 

Figure 1. Relative expression of cytokines: (A): TNF-α; (B): IL-6; (C): IL-1β. Non-treated rats (Control −), rats treated only 
with AA (Control +), rats treated with diclofenac gel (RdF), rats treated with FF1. Significant difference between Control + 
(+), RdF (R), FF1 (1) ** p < 0.01, *** p < 0.001 was assessed by non-parametric Tukey’s t-test (n = 5)

Conclusions
Based on the FF1 potential to reduce expression of proinflammatory cytokines, this formulation is a promising 

therapeutic alternative to treat inflammatory skin conditions.
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In the last decades, the incidence of fungal infections 
has increased due to defects in the immune system. A 
growing emergence of candidiasis oral fungal infections 
is evident[1]. In recent years, a growing concern about 
resistance to anti-infective agents has emerged. One of 
the most common microbial agents is Candida albicans. 
Under certain conditions, Candida ssp can cause infec-
tions of mucosal tissues. Although patients respond 
adequately to topical antifungal treatments, new stra-
tegies and drugs are needed. Therefore, it is important 
to investigate new antifungal agents that increase the 
therapeutic arsenal available to date[2,3].

Purpose 
The aim of this work was to develop a hydrogel pre-

pared with Pluronic® F-127 (P407) for the treatment of 
oral candidiasis.

Methods
The gel CSP-B3 was obtained by the cold method, by 

keeping the P407 under stirring for 24 hours. The na-

nometric structure of the gel was determined using a 
ZetaSizer® Nano ZS (Malvern Instruments Ltd., Malvern, 
UK), the mean droplet size (Z-ave) and its distribution 
expressed by polydispersity index (PI) were recorded at 
10, 25 and 32°C. The rheological behaviour of the gel 
was studied using a Haake Rheostress 1 rheometer. 
Evolutions of biomechanical properties of the buccal 
tissues such as transmucosal water loss (TMWL, using 
Tewameter®) and stratum corneum hydration (SCH, 
using Corneometer® 825) were tested in ex vivo before 
and after the treatment. Histological analysis of sam-
ple and positive and negative control was performed. 
Moreover, the antifungal activity of the formulation has 
been investigated by Kirby-Bauer Disk Diffusion Suscep-
tibility Test against Candida spp.

Results and Discussions
DLS measurements of CSP-B3 showed Z-ave values of 

116.20 ± 13.54, 341.50 ± 10.87 and 75.89 ± 4.69 nm, with 
PI values of 1.00 ± 0.68, 0.97 ± 0.53 and 0.38 ± 0.33 at 10, 
25 and 32°C, respectively. The biomechanical properties 
of the tissue before and after the treatment is shown in 
Fig 1. There were no changes in TMWL and SCH values 
after CSP-B3 application. The rotational analysis shows 
that CSP-B3 exhibits a behaviour characteristic of a shear 
thinning system at both 25°C and 32°C. Histological 
analysis doesn’t show a change in the tissues treated 
with CSP-BE respect control +, then the formulation does 
not lead alteration in ex-vivo tissues analysis. Moreover, 
CSP- B3 is totally effective on 4 Candida strains: C. glabra-
ta, C. albicans, C. tropicalis and C. parapsilosis.

Conclusion
The formulation shows efficient antifungal activity and 

does not cause tissues alterations, thus representing a 
potential new pharmaceutical formulation towards fun-
gal infections of the oral cavity.

Figure 1. Biomechanical parameters evolution monitored before and 
2 hours after application. Change in TEWL value, A, and Change in 
SCH value, B
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Fungal keratitis or keratomycosis is an infection of the 
cornea caused by Candida, Aspergillus and Fusarium spp. 
It is very difficult to treat because it does not respond 
to current antifungal treatments. Surgical intervention 
may be necessary in some cases. Unfortunately, ocu-
lar keratitis has not been successfully treated because 
the available treatments are very limited[1]. In order to 
increase therapeutic options, a new group of antifun-
gals active against most Candida spp and Aspergillus spp 
is needed. Therefore, it is important to investigate the 
usefulness of new antifungal agents to augment the to-
pical therapeutic arsenal[2-3].

Purpose
The aim of this work was to develop and characteri-

ze different Pluronic® F-127 (P407) formulations for the 
treatment of fungal keratitis.

Methods

The formulations were made adding P407 at two di-
fferent concentrations using the cold method with con-
tinuous stirring for 24 hours. The formulations were 
characterized by the following methods: pH and dyna-
mic light scattering (DLS) measurements, scanning elec-
tron microscopy (SEM), ocular tolerance by Hen’s Egg 
test (HET-CAM®), microbiological studies and appearan-
ce. The pH measurements were carried out at different 
temperatures, 4, 25 and 37°C, and at predetermined 
time intervals. The average droplet size (Z-ave) and its 
distribution (PI) was directly recorded at 25°C using a 
Zetasizer Nano ZS. The internal structure of the formu-
lations was evaluated using a JEOL J-7100F. The ocular 
tolerability of the formulations was evaluated using the 
modified hen’s egg chorioallantoic membrane test. The 
antimicrobial activity was evaluated through a Kirby-
Bauer Disk Diffusion Susceptibility Test against Candida 
spp. The physical appearance was studied by visual ob-
servation of formulations stored 4, 25 and 37˚C. 

Results and Discussion
No significant differences in pH (Table 1) were obser-

ved at all time points for three storage conditions and 
the measured pH was within the range tolerated by hu-
man eyes4. DLS measurements of CSP-O1 and CSP-O2 
showed Z-ave values of 165.10 ± 15.07 and 447.60 ± 
40.13 nm, with PI values of 0.41 ± 0.14 and 0.50 ± 0.22 
at 25°C, respectively. Fig. 1 illustrates a network with an 
interconnected porous structure typical of poloxamer. 
The in vitro potential irritation was detected by the HET 
CAM test and coagulation, vascular lysis or hemorrhage 
were not seen in any way (Fig.2). CSP-O1 and CSP-O2 
provide antimicrobial properties against strains of C. 
albicans, C. tropicalis, C. glabrata and C. parapsilosis. Sig-
ns of precipitation and a yellowish colour change were 
observed after 14 days at 25 and 37°C. The appearance 
remained unaltered at 4°C.

Nº of days 
of storage

CSP-01 CSP-02

Value at 4°C Value at 25°C Value at 37°C Value at 4°C Value at 25°C Value at 37°C

0 6.73 ± 0.07 6.86 ± 0.02 6.62 ± 0.01 6.56 ± 0.01 6.72 ± 0.05 6.72 ± 0.02

3 6.67 ± 0.02 6.93 ± 0.04 6.50 ± 0.01 6.71 ± 0.01 6.78 ± 0.01 6.94 ± 0.01

7 6.84 ± 0.02 6.78 ± 0.04 6.36 ± 0.01 6.70 ± 0.03 6.75 ± 0.01 6.86 ± 0.02

14 6.88 ± 0.03 6.95 ± 0.04 6.55 ± 0.02 6.69 ± 0.09 6.66 ± 0.01 6.65 ± 0.04

21 6.84 ± 0.01 6.80 ± 0.03 6.31 ± 0.01 6.55 ± 0.01 6.43 ± 0.06 6.48 ± 0.01

Table 1. pH values in samples stored at 4, 25 and 32°C. Values represent mean ± SD (n = 3).

Conclusions
Both formulations exhibited non-irritant and signi-

ficant antimicrobial effects. Thus, these formulations 
could be proposed as a suitable vehicle for new thera-
pies for ocular keratitis.
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Figure 1. Scanning Electron Microscopy images of CSP-O1 (x900) and CSP-O2 (x430)

Figure 2. Tolerance Ocular Assays (HET CAM®). A is the negative control, B is the CSP-O1, C is the CSP-O2 
and D is positive control
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Cutaneous mycosis or dermatomycosis are among 
the most common and widespread fungal infections in 
humans. It is estimated that about 15 % of the popula-
tion has had a fungal skin infection at least once during 
their lives. Dermatomycosis is an infection caused by 
fungal species of Candida, of which Candida albicans is 
the most common. Although patients respond adequa-
tely to topical antifungal treatments, new strategies and 
drugs are greatly needed. In order to avoid resistance 

to anti-infective agents, it is important to investigate the 
usefulness of new antifungals that are effective against 
strains of Candida spp and Aspergillus spp[1-3].

Purpose
The aim of this work was to design and evaluate a 

hydrogel prepared from a physical mixture of two poly-
mers (P407 and CH) containing MK991 for the treat-
ment of dermatomycosis.

Methods
CH was dispersed in acetic acid. The final hydrogel 

was made by adding P407 and MK991 using the cold 
method with continuous stirring for 24 hours. This hy-
drogel was characterized by dynamic light scattering 
(DLS) measurements, microbiological studies and ex-
tensibility test. Furthermore, biomechanical proper-
ties of skin, such as trans-epidermal water loss (TEWL) 
and stratum corneum hydration (SCH), were tested in 
vivo. TEWL and SCH were determined using a Tewame-
terTM300, and a Corneometer CM 825, respectively. 
The average droplet size (Z-ave) and its distribution ex-
pressed as polydispersity index (PI) was directly recor-
ded at 25 ± 0.5°C using a Zetasizer Nano ZS. The me-
chanical properties of the hydrogel were evaluated by 
placing a known weight inside a circle premarked on a 
glass plate over which a second glass plate was placed, 
on which force was generated. 

Figure 1. Extensibility (g/cm2) at room temperature of hydrogel. Values represent mean ± SD (n=3)

Figure 2. Biomechanical parameters evolution monitored before and 2 hours after application. Change in TEWL value, 
A, and Change in SCH value, B. The study was approved by the Ethics Committee of the University of Barcelona
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Results and Discussion
DLS measurements of hydrogel showed Z-ave values 

of 590.30 ± 42.07 nm with PI values of 0.55 ± 0.21 at 25°C. 
Extensibility properties of hydrogel are an important 
factor to evaluate in topical administration. The correct 
administration dosage depends highly on the spreading. 
Fig. 1 show the extensibility results of formulation. The 
evolution of biomechanical parameters (TEWL and SCH) 
before and after the application of formulations assayed 
is show in Fig. 2. TEWL values are used as indicators of 
the integrity of the biological function of the tissue whi-
le SCH values indicate the conductance that free water 
provides to the skin surface. The hydrogel provides anti-
microbial properties against strains of C. albicans, C. tro-
picalis, C. glabrata and C. parapsilosis.

Conclusions
This formulation could be proposed as a suitable ve-

hicle for new therapies against skin infections by exhibi-
ting biological and antimicrobial effects.
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Vulvovaginal candidiasis (VVC) is one of the most com-
mon infections in women. This disease affects approxi-
mately 75% of women at least once during their lifetime, 
and mainly affects young women at childbearing age. 
Candida albicans accounts for 90-95 % of cases[1-2]. 
Most patients with VVC respond to topical treatment 
with antifungal drugs. Although drugs such as ampho-
tericin B or fluconazole have advanced the treatment 
of fungal infections, mortality rates associated with 
invasive fungal infections remains high and there has 
been growing concern about resistance to anti-infective 

agents. Despite therapeutics advances, new drugs and 
strategies are greatly needed. Therefore, it is important 
to investigate the usefulness of new antifungals that are 
effective against strains of Candida spp and Aspergillus 
spp[3]. 

Purpose
The aim of this work was to develop and characterize 

a hydrogel prepared from a physical mixture of poloxa-
mer 407 (P407) and chitosan (CH) for the treatment of 
VVC.

Methods
The physical mixture of P407 and CH was dispersed 

in water using the cold method with continuous stirring 
for 24 hours. The hydrogel was characterized by the fo-
llowing methods: rheological and dynamic light scatte-
ring (DLS) measurements, histological studies and scan-
ning electron microscopy (SEM). Rheological analyses 
were carried out with a Haake Rheostress 1 rheometer. 
The average droplet size (Z-ave) and its distribution ex-
pressed as polydispersity index (PI) was directly recor-
ded at 10,25 and 32 ± 0.5°C using a Zetasizer Nano ZS. 
Vaginal mucosa tissues, as well as, positive and negative 
controls were histologically evaluated in order to verify 
if the hydrogel could cause histological changes. Finally, 
the internal structure of the gel was evaluated using a 
JEOL J-7100F.

Results and Discussion
The hydrogel was fluid at 10°C and for this reason 

this system was predominantly viscous (G’’>G’). When 
temperature increased the value of moduli sharply in-
creased at 19°C. A crossover (G’=G’’) of 11.25 Pa appea-

Figure 1. Storage modulus (G’), 
loss modulus (G’’) and complex viscosity 
(η*) as function of temperature of the 
formulation

red at 19.5°C (Fig.1). DLS measurements of hydrogel 
showed Z-ave values of 205.30 ± 14.17, 590.30 ± 42.07 
and 115.70 ± 10.31 nm, with PI values of 0.95 ± 0.54, 
0.55 ± 0.21 and 0.46 ± 0.12 at 10, 25 and 32°C, respec-
tively. Structural similarities between negative control 
and treated vaginal mucosa tissues were shown, confir-
ming the tissue integrity. Both samples show the stan-
dards mucosa sections: underlying fibrous connective 
tissue and nonkeratinized stratified epithelium. After 
treatment, the epithelium maintains its structure with 
several cellular layers without any discontinuity. Fig. 2 
illustrates a network with an interconnected porous 
structure typical of poloxamer with rough surfaces pro-
bably due to chitosan content.

Conclusions
The hydrogel has great appeal for the treatment of 

localized infections and could be proposed as a suitable 
vehicle for VVC being an alternative therapy.
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Figure 2. Scanning Electron Microscopy images of the hydrogel (x1200)

 62 | IN2UB Annual Meeting 2021 BOOK OF ABSTRACTS BOOK OF ABSTRACTS IN2UB Annual Meeting 2021 | 63 



P27
DEVELOPMENT OF NEW NANOSTRUCTURED FORMULATIONS FOR FLAVANONE 
(2S)-5,7-DIHYDROXY-6-METHYL-8-PRENYL-FLAVANONE

	 karla.gonzalezped@uaem.edu.mx

K. F. González-Pedroza1,2, A. C. Calpena-
Campmany3,4, M. L. Garduño-Ramírez2

1 �Licenciatura en Diseño Molecular y Nanoquímica, 
Instituto de Investigación en Ciencias Básicas y 
Aplicadas, Universidad Autónoma del Estado de 
Morelos, Av. Universidad 1001, 62209 Cuernavaca, 
Morelos, México karla.gonzalezped@uaem.edu.mx

2 �Centro de Investigaciones Químicas, Instituto de 
Investigación en Ciencias Básicas y Aplicadas, 
Universidad Autónoma del Estado de Morelos; Av. 
Universidad 1001, 62209 Cuernavaca, Morelos, 
México. lgarduno@uaem.mx

3 �Department of Pharmacy and Pharmaceutical 
Technology and Physical Chemistry, Faculty of 
Pharmacy and Food Science, University of Barcelona, 
Av. Joan XXIII 29-31, Barcelona 08028, Spain; 
anacalpena@ub.edu

4 �Institute of Nanoscience and Nanotechnology (IN2UB), 
University of Barcelona, 08007 Barcelona, Spain.

Emulsions are kinetically stabilized and thermodyna-
mically unstable dispersions of two or more immiscible 
components; those emulsions with a size of 20-200 
nm are called miniemulsions or nanoemulsions (NEs), 
and nanostructured systems are known to provide 
controlled release and enhanced drug bioavailability, 
which will depend on the amount and molecular pro-
perties of the drug [1,2]. From Eysenhardtia platycarpa, 
(2S)-5,7-dihydroxy-6-methyl-8-prenyl-flavanone (1) was 
isolated and evaluated for its anti-inflammatory efficacy 
in solution and in NE (F1) [3]. To find an improvement 
in the release of flavanone (1), in the present work two 
new formulations (F2 and F3) were prepared, in which 
castor oil and transcutol were used for (F2) and in (F3) 
plurol oleique and tween 20 replacing the surfactant 
and co-surfactant: plurol oleique and labrafac of the 
formulation (F1) already reported and maintaining the 
rest of the components[3]. With these changes, ade-
quate kinetic stability against sedimentation, floccula-
tion and coalescence is expected.

Materials and methods
For the development of new NEs with flavanone (1), 

two diferent matrix formulation (F2) and (F3) were pre-
pared in triplicate. (F2B and F3B) are flavanone-free 
formulations (blank) and (F2F and F3F) contained the 
0.5 % flavanone considering the incorporation of the li-
pophilic as well as hydrophilic components described 
by Domínguez-Villegas, V. et al. [3] Briefly the procedure 
includes: weighing of components, application of ener-
gy with ultrasound, water bath at 32°C, application of 
ultrasound and freezing at -20°C for 24 h to remove 
bubbles. The droplet size and polydispersity were de-
termined using Nano-Z-sizer equipment.

Results
Morphometric analysis was performed and the dro-

plet size was determined. Formulations (F2B) and (F2F), 
were found to be single phase and translucent, indica-
ting adequate incorporation of the components, with 
an average droplet size of 96.95  32.27 nm and 103.71 
 38.12 nm, respectively; the increase in droplet size is 
attributed to the incorporation of flavanone (1); a se-
cond population of 9.658  1.845 nm with an intensity 
of 7.3 was observed, indicating a slight bias in co-surfac-
tant incorporation. The (F3B), was single-phase, translu-
cent and bimodal with distinct populations, one below 
10 nm and one above 700 nm due to possible agglome-
ration of droplets. The (F3F) is monophasic and translu-
cent with three populations of droplets one at 10.99  
4.473 nm, another below 2 nm and a third above 700 
nm which allows us to assume that it is due to Ostwald 
ripening.[4]

Conclusions
The physicochemical properties of castor oil, trans-

cutol and the rest of the components favored (F2F) to 
be of adequate size and could be considered for future 
therapeutic applications.
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Condyloma acuminata (CA) is a human papillomavi-
rus (HPV) infection’s clinical manifestation[1]. CA are 
treated with the primary objective of removing visible 
lesions and alleviating any pain that may occur[2]. Fo-
llowing the removal of anogenital condylomas,[3] found 
that KT offers a significant effect as a treatment alterna-
tive for alleviating associated pain. Thus, the objective 
of this study is to propose two alternative formulations 
containing (KT); KT- loaded NPs (KT-NPS) and KT chi-
tosan hydrogel (KT-CS). The hypothesis is the KT-NPS 
would be appropriate in the preoperative period as it 
can be used as a spray, whereas the KT-chitosan hydro-
gel would be beneficial in the postoperative. 

Materials and methods
Formulations: polymeric nanoparticles loading 0.5% 

KT (138nm; PI 0.066) and chitosan gel 2% KT. The for-
mulations were tested by in vitro permeation test, using 
Franz cells, to assess their capacity to penetrate and 
diffuse through human skin. 10 µL of formulation was 
applied to the skin for 24 hours. At the end of the test, 
the receptor fluid was collected, and the skin was split 
into layers. stratum corneum was isolated by the ta-
pe-stripping technique, and the epidermis and the der-
mis were separated by heat treatment. The anti-inflam-
matory efficacy was also assessed by TPA-induced ear  

edema in mice. Briefly, TPA was applied to both ears, 
then, the formulation was applied to one ear. At the end 
of the experiment and after animals were euthanized, 
the ears were punched and weighted. The percentage 
of inhibition of inflammation was calculated according 
to the following equation:

Results
The permeation experiments indicate that the vast 

majority of Ketorolac was found on the skin surface, in 
the residual formulation, for both, the NPs and the CS 
gel. NPs lead to a higher absorption of KT than the CS 
gel. In case of NPS, the KT was mainly retained in the 
epidermis whereas it was in the receptor fluid in the 
other case (table 1).

Table 1. Distribution of KT within the skin layers 
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The anti-inflammatory efficiency study revealed that 
the KT-NPs exhibit a higher anti-inflammatory efficacy 
than KT-CS (Figure 1). Taking into account that KT-NPS 
exert the anti-inflammatory effect at a lower dose, and 
they are located in the epidermis, this formulation mi-
ght be a good option for the pre- and intra-operative 
period. KT-CS is also located in epidermis. Keeping in 
mind that Chitosan is known to have antimicrobial pro-
perties, the combination KT in a CS gel could be useful 
for a topical treatment after the surgical removal of the 
anogenital warts.

Conclusion
It seems that from the obtained results, especially the 

distribution of KT within the skin and the anti-inflam-
matory efficacy, the hypothesis could be correct which 
means that this therapy might be a promising candidate 
in the management of Condyloma acuminata´s pain.

Figure 1. Anti-inflammatory efficacy expressed as a percentage 
reduction in inflammation when compared to a control
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Ketorolac Tromethamine (KT) is a non-steroidal an-
ti-inflammatory drug (NSAID) with a potent and mode-
rate non-opioid analgesic activity. It is administered in 
eye drops, tablets, and as intramuscular injections for 
pre- and postoperative pain treatment [1]. Biodegra-
dable Polymeric Nanoparticles (NPs) are widely used 
to enhance the bioavailability of topically administered 
drugs. Poly lactic-co-glycolic acid (PLGA) is a biodegrada-
ble polymer used due to its biocompatibility, mucoad-
hesiveness and nonantigenic nature [2,3,4]. Hydrogels 
are traditional formulations composed of different poly-
mer types -either natural or synthetic ones- which are 
able to form a 3D network in presence of water [5]. 

The purpose of this work was to prepare and charac-
terize a chitosan gel formulation and a nanostructured 
formulation containing KT as anti-inflammatory agent.

Materials and methods
The KT-NPS 0.5% were synthesized using the Dou-

ble Emulsion-Solvent evaporation method [6] and then 
they were characterized in terms of particle size and 
polydispersity index (PDI). The KT-CS 2 % was thorou-
ghly characterized in terms of degradation, swelling and 
the rheological behavior. Besides, the morphology for 
both formulations was studied by SEM or TEM. And fi-
nally, the release profile was investigated by means of 
Franz cells. 

Results
The characterization of the formulations indicate that 

the NPS have a round-shape structure and the mean 
particle size was 138 nm, with a PI of 0.066, which indi-
cates a monodisperse system. The chitosan presented 
a compact structure with small porous (Figure 1).

Figure 1. Morphological analysis of the formulations. Panel A: TEM observation of the KT-NPs and Panel B: SEM obser-
vation of the dried KT-CS gel

A B
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The swelling process of the CS gel followed a first order model, the dried gel showed a fast initial uptake of PBS 
during the first 10 minutes, followed by a slower PBS uptake. The degradation in PBS was within 3.75 hours (figure 
2). The fresh chitosan gel showed an initial uptake of PBS followed by a weight loss which fitted to a one phase 
exponential decay.

The rheological study (figure 3) revealed that the gel viscosity was 1.431 Pas ± 0.0004. The flow data best fitted to 
the Herschel-Bulkley model (r2 = 0.9999). 

Figure 2. Swelling and degradation processes of the KT-chitosan gel

Figure 3. Rheological profile of the KT-chitosan gel
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According to drug release study, the best fitted model to the experimental data was the first order kinetic equa-
tion (figure 4), with K value of 0,901 h-1 for chitosan gel and 1.841 h-1 for the nanoparticles. The nanoparticles 
allowed a higher release of KT than the chitosan gel.

Conclusion
Two formulations of Ketorolac were prepared a chitosan gel and polymeric nanoparticles and characterized. The 

NPs resulted small and released a higher amount of KT than the chitosan gel.

Figure 4. In vitro release profile of the formulations, KT-NPS and KT-chitosan gel
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S. Bräse et al., in a deep study of lanthanide fluoro-
benzoates coordination compounds searching for the 
optimal lanthanide and optimal ligand fluorination de-
gree to obtain photo stable, non-toxic and luminescent 
compounds suitable for their use as bio-probes, have 
concluded that the europium 2-fluorobenzoate (2FBz) 
compound [Eu2(2FBz)6(H2O)4], combined the best pro-
perties[1]. Taking into account our experience in the 
syntheses and luminescence study of 2-fluorobenzoate 
lanthanide(III) coordination compounds[2] we have syn-
thesized, from a straightforward new room temperatu-
re synthetic method, a new europium 2-fluorobenzoate 
compound of formula [Eu2(2FBz)4(H2FBz)2(H2O)2] (1), 
H2FBz = 2-fluorobenzoic acid, to increase the emission 
quantum yield taking into account that the number of 
quenching water molecu-
les in the new compound 
is a half with respect to 
[Eu2(2FBz)6(H2O)4]. 

Compound 1 crysta-
llizes in a triclinic crystal 
system with a P-1 spa-
ce group. A partially la-
belled molecular plot is 
shown in Fig. 1. Each Eu3+ 
is nonacoordinated. The 
Eu-O bond length are in 
the range of 2.348(2) to 
2.638(2) Å, the Eu---Eu 
intramolecular distance 

is 3.964(3) Å and the O1-Eu-O2 bite angle of the 2FBz 
ligand in the bidentate chelating coordination mode is 
51.69(4)°.

In the emission spectra recorded at excitation wave-
length (λex) of 274 nm for 1, Fig. 2, the bands that ari-
se from the f-f transitions are assigned to: 5D0→

7F0 at 
578 nm, 5D0→

7F1 at 591 nm, 5D0→
7F2 at 618 nm, 5D0→

7F3 
at 652 nm and 5D0→

7F4 at 701 nm. The red emission co-
lour of the compound can be seen in the naked eye, 
inset Fig.2.

The overall quantum yield is 27 % for 1. For the 
previously published compound of formula [Eu2(2F-
Bz)6(H2O)4] the quantum yield was 15 %. Compounds 
1 is water soluble, with solubility of 7.98 mmol/L. The 
QY decreases to 0.23 % when 1 dissolved in water, but 
photoluminescence properties are still present in water 
solution making 1 a choice for bioanalytical applications.
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Figure 2. Solid state excitation (black) and emission (bue) spectra at r. t. of compound 1. 
Inset shows the emission colour of 1 under UV lamp radiation

Figure 1. Partially labelled plot of compound 1. H atoms 
are omitted for clarity
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The constant evolution of technology requires sma-
ller and more efficient devices. Functional molecules 
such as single-molecule magnets have been proposed 
as possible building blocks for the next generation of 
quantum computers or data storage devices[1]. For this 
reason, addressing and manipulating single molecules 
on surfaces is essential and one of the main problems 
to overcome[2].

In this work, lanthanoid (europium and dysprosium) 
complexes with Schiff base ligands[3] have been an-
chored to a silicon substrate with terminal carboxylate 
groups via a ligand-exchange reaction—thus, through a 
chemisorption process. In the europium complex, cha-
racteristic luminescence is observed in layers thinner 
than two nanometers. On the other hand, the magnetic 
properties of the dysprosium compound could be po-
tentially improved due to a better magnetic anisotropy. 

Atomic force microscopy allows us to observe the 
total and homogeneous coverage of samples indepen-
dent of their size for both europium and dysprosium 
compounds and the integrity of the molecules is corro-
borated by matrix-assisted laser desorption/ionization 
with a time-of-flight detector (MALDI-ToF). 
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Computed tomography (CT) is an X-ray based 3D ima-

ging technique widely used to enhance the contrast 
among human body tissues because it allows deep tis-
sue penetration and high-resolution imaging. Clinically 
approved CT contrast agents are iodinated molecules 
or barium suspensions, but their short circulation time 
and the high doses required limits their efficiency. The 
use of nanoparticles (NPs) exhibits some advantages in 
comparison with small molecules such as longer circu-
lation times and the possibility to functionalize the NPs 
to achieve target imaging and cell-tracking. In particular, 
Bi2S3 NPs are suitable as contrast agents for CT because 
of the large X-ray attenuation coefficient of Bi. In addi-
tion, Bi2S3 is less expensive and less toxic than other 
species with similar X-ray attenuation coefficient such 
as Au, Pt or Ta. 

In this work, Bi2S3 NPs with different size and shape 
have been prepared by hot-injection synthesis of a 
sulphur precursor by tuning the temperature and the 
reaction time. On the one hand, when the injection is 
performed at 105 ºC with short reaction times, 6 nm 
spheroid-shaped NPs are obtained. As the reaction 
time is increased, NPs grow anisotropically, leading to 
needle-shaped particles of 50 nm in length. On the 
other hand, by injecting at 165 ºC, rod-shaped NPs of 30 
nm are obtained regardless of the reaction time. Addi-
tionally, High Resolution Transmission Electron Micros-
copy (HRTEM) and powder X-ray Diffraction (XRD) were 
performed to study the dependence of the NPs crystal 
quality on the reaction conditions. Finally, the NPs were 
stabilized in aqueous media by a silica coating so that 
they can be combined with other materials to obtain a 
multifunctional system.
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(MAT2015-68772-P; PGC2018-097789-B-I00) and Euro-
pean Union FEDER funds. M.ET. acknowledges Spanish 
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Figure 1. Gallery of Bi2S3 NPs with tuneable morphology from 0 to 120 minutes at 105 and 165ºC. 
(a-d) Series of nanoneedles, and (e-h) Series of nanorods
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Single-core magnetite/maghemite nanoparticles have 
been extensively studied because of their outstanding 
properties for biomedical and environmental applica-
tions[1,2]. Recently, a great interest has been focused 
on multicore nanoparticles, which are formed of aggre-
gates arranged in a nanoflower (NF) shape. Neverthe-
less, there is a lot to understand of its structure and 
magnetic properties to achieve good control over their 
performance in applications. In this work, three diffe-
rent samples synthesized by the polyol method were 
studied. The size of the NFs was determined by trans-
mission electron microscopy (TEM), obtaining values of 
37 ± 9 nm, 121 ± 13 nm, and 186 ± 28 nm. To gain 
insight into their internal structure, the size of the cores 
was determined by both TEM and X-ray diffraction. We 
found that the crystal size was higher than the size of 
the cores measured by TEM, showing a crystallographic 
correlation that extends beyond the individual cores. 
In addition, selected area electron diffraction patter-
ns also showed a preferred orientation of the crystals 
inside the NF. These complex structures led to an in-
teresting magnetic performance with high values of 
saturation magnetization, around 80 emu/g, and low 
values of the coercive field at 300K. This may be related 
to a vortex-like arrangement of the core spins corres-
ponding to almost zero remnant magnetization when 
no field is applied, even when the NF are as large as 
100 nm in diameter. Further insight into this complex 
magnetic structure was gained by performing small-an-
gle neutron scattering experiments to determine the 
magnetic correlations among the spin cores within the 
NFs.3 The understanding of the internal structure and 
the consequent magnetic behavior is essential for the 
optimization of the NF for medical or environmental 
applications. 

The work was supported by Spanish MCIU and AEI 
(MAT2015-68772-P; PGC2018-097789-B-I00) and Euro-
pean Union FEDER funds. M.E-T. acknowledges Spanish 
MCIU for BES-2016-077527.
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Inspired by nature, we pursuit the design and the 
effective synthesis of organic moieties capable to pro-
duce new molecular functional assembles incorpora-
ting several functions that can interact synergistically or 
being addressed by external stimuli.  

The versatility of the new bis-(pyrazol-pyridyl) orga-
nic ligands, allow the synthesis of several novel meta-
llo-supramolecular triple stranded helicates encapsula-
ting anionic species, such as ClO4-, SiF6

2-, Cr(Oxalate)3
3-,  

Fe(Oxalate)3
3- among others. 

The encapsulation of SiF6
2- shows an evident template 

effect guiding the reaction to form exclusively the hete-
roleptic helicate with formula (SiF6@ [M(L1)(LX)2])(PF6)2 
(where M= Fe(ll) or Co(ll), L1= C22H16N6; LX= L2, C28H20N6 

or L3, C30H26N6).

The influence of the ratio of L/LX has been studied 
against the nature of the encapsulated species, and 
this ratio does not affect the stoichiometry of the abo-
ve-mentioned complex.

This new family of host-guest molecular systems can 
offer different properties, depending on the metal cen-
ters involved and the nature of the guest.

Figure 1. Representation of the multifunctional Cr(Oxalate)3@[Fe2(L2)3] host-guest system1 (left) and 
the template effect of the anion SiF6

2- (right) forming the SiF6@[Co2(L1)(L3)2](PF6)2 helicate
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Spin waves in magnetic materials are coherent dis-
persive waves, typically in the low GHz frequency regi-
me and with wavelengths of hundreds of nanometers. 
Interest in spin waves is motivated by the possibility of 
its integration into nano-scale devices for high-speed 
and low-power signal processing. However, generation 
of spin waves with high amplitudes—and their detec-
tion—is challenging due to the mismatch of waveleng-
ths with electromagnetic waves in free space, which is 
of the order of several centimeters.

In this talk I will review some recent experiments on 
the coupling of surface acoustic waves (SAW) and spin 
waves using X-ray Photo-Emission Electron Microscope 
(XPEEM). The main observations are: i) the control of 
SAW interference patterns [1], ii) the SAW generation 
of large amplitude spin waves (up to 25 degrees) over 
large distances (up to several millimeters) [2], iii) the in-
duced delays on the SAW compared to the SW [3], and 
the iv) the possibility of moving magnetic domains at 
the SAW velocity [4,5]. Additionally, I will also show the 
effect of a periodical spatial strain in the reversing pro-
cess of a magnetic thin film besides the reduction of the 
nucleation energy [6].
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Cobalt ferrite nanoparticles (NP) are competitive can-
didates in nanomedicine and biomedical applications 
due to a suitable combination of excellent chemical 
and magnetic characteristics, such as a high chemical 
stability, surface active sites, and ease of synthesis and 
functionalization, together with a high anisotropy cons-
tant, a high coercivity, and a moderate saturation mag-
netization. However, in order to control the functional 
response of cobalt ferrite NP, one of the biggest cha-
llenges is to quantitatively disentangle the dependence 
on the overall magnetic response of the composition, 
structure, or surface chemistry. 

In our work, by combining an advanced chemical syn-
thesis approach with a broad set of world-class com-
plementary local probes, we have unravelled the key 
role played by the Co2+ cations on the destabilization 
of the collinear ferrimagnetism in Co ferrite NP through 
the selective incorporation of structural defects. A set 
of samples of monodispersed, 8 nm Co ferrite NP of 
similar stoichiometry but with a progressive inclusion of 
structural defects was prepared [1,2]. Synchrotron-ba-
sed, element-, valence- and site- specific X-ray spectros-
copy and magnetometry on ensembles of NP was com-
bined with high-resolution transmission microscopy of 
selected, individual NP [3]. The analysis of element-spe-
cific X-ray Magnetic Circular Dichroism (XMCD) spectra 
and hysteresis loops for all cationic sites reveals that 
the collinear alignment of the Co2+ cations in octahedral 
sites is significantly more affected by the structural di-
sorder than in any other cation. This is due to the local  

anisotropy axes induced by the strain associated with 
the structural defects, giving rise to Co2+ spin canting 
via spin-orbit coupling due to the relatively large Co2+ 
orbital momentum. As the number of structural defects 
increases, the rest of the cations are progressively dra-
gged off the ferrimagnetic alignment, being the Fe3+ ca-
tions in tetrahedral sites the last ones to be affected by 
the disorder [3]. 

Our work highlights the importance of combining a 
great control over the NP microstructural features, by 
employing suitable synthesis methods, with the use of 
advanced complementary local probes in order to di-
sentangle and quantify the effect of every cation and 
the local environment into the final magnetic response 
of cobalt ferrite NP, which is essential to tailor and boost 
their performance for targeted biomedical applications.
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Coupling of lattice and spin degrees of freedom wi-
thout the use of external magnetic fields allows for 
energy-efficient spintronic devices. In this context, hy-
brid materials composed of an oxide layer undergoing 
a first-order, structural phase transition (e.g. V2O3) and a 
ferromagnetic layer (e.g. Ni) coupled by proximity throu-
gh the inverse magnetoelastic effect offer a promising 
alternative to voltage-controlled magnetism or other 
switching mechanisms without a magnetic field. 

Here we show by direct imaging of the thermal evolu-
tion of the Ni spin structure that the magnetic domains 
can be tuned in both size and magnetic anisotropy 
upon crossing the structural phase transition (SPT) of 
the proximal V2O3 layer[1]. We find a drastic tempera-
ture-driven reorientation of the Ni magnetic domains 
across the SPT, which is responsible for an abrupt in-
crease in the coercive field (up to 500 %). By synchro-
tron-based photoemission electron microscopy (PEEM) 
combined with X-ray magnetic circular dichroism 
(XMCD) we show a reconfiguration of the ferromagne-
tic domain pattern in the Ni layer across the V2O3 SPT 
together with changes in magnitude and direction of 
the effective uniaxial magnetic anisotropy. These obser-
vations are in good agreement with both angular de-
pendent ferromagnetic resonance measurements and 
micromagnetic simulations. Following a simple model  

of strain-dependent magnetic anisotropies, our simula-
tions replicate both the change in the coercivity and the 
reorientation of the magnetization of the Ni domains as 
well as exhibit a phase coexistence of different magne-
tic domains across the SPT in the V2O3. Direct observa-
tions of the lateral correlation length of the Ni domains 
show an increase of almost an order of magnitude at 
the SPT compared to room temperature as well as a 
broad spatial distribution of the local transition tempe-
ratures. This corroborates the phase coexistence of Ni 
anisotropies due to the V2O3 structural domains coexis-
tence across the SPT. Our data reveal that the reorien-
tation of Ni domains is controlled by the reconfiguration 
of the structural domains of the oxide layer across the 
SPT[2,3] due to strain induced proximity. Our findings 
reveal a novel pathway to control magnetic domains 
without a magnetic field through proximity to a mate-
rial undergoing a first-order structural phase transition, 
which allows for engineering of coercive fields for novel 
device concepts based on “straintronics”.
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The coordination chemistry exploration of ligand H2L2 
with different iron (II) sources, solvents and atmos-
pheric conditions allowed the obtaining of three tri-
ple-stranded helicates[1,2] with the formula Fe(C2O4)3@
[Fe2(H2L2)3](X)·S (X:BF4, S:5(C2H3N), CH4O, 3(H2O) for 
1, X:BF4, S: 3(CH4O), 4.75(H2O) for 2 and X: ClO4 and S: 
(H2O) for 3) displaying different spin-state pairs, and 
the discovery of a new fascinating supramolecular clus-
ters based on a planar iron nanosheet. The two new 
[Fe9] squared grids are composed by hydroxo(oxo) 
bridges in between the metal ions with the formula 
[Fe9O4(OH)8]

7+ (4) and [Fe9O4(OH)8]
10+ (5). The main di-

fferences of both coordination clusters are the occu-
pation of the remaining axial positions of the metal 
centres regarding the plane ferric O2-/OH- core. Thus, 
based on the crystalline structure, charge balance, the 
valence bond sum (VBS), the elemental analysis (EA) and 
magnetometry, the whole compounds are formulated 
as [Fe9O4(OH)10(H2L2)6(H2O)4](BF4)5 (4) and [Fe9O4CL6 

(OH)8(H2L2)6]4(Cl) (5). These unprecedented complexes 
displaying nearly planar sheet of irons have an interes-
ting magnetic behaviour. 
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In this work, we present a highly efficient refractive 
index sensor based on the excitation of collective ex-
citations in a plasmonic lattice [1]. This kind of sensors 
exploit the fact that the wavelength of the plasmonic 
resonances is highly dependent on the features of the 
surrounding medium. In our case, we propose a hete-
rostructure based on an Au inverted honeycomb lattice 
as shown in Fig. 1a. Numerical simulations revealed that 
this structure yields large enhancements of the intensi- 

ty of the excited electric field hundreds of nanometers 
away from the structure, maximizing the sensing volu-
me and sensitivity [1]. To test the performance of the 
system, simulations changing the value of the refractive 
index of a thin layer laying on top of the structure were 
carried out, mimicking the situation in which biomole-
cules are adsorbed on top of an Au layer. The results 
showed high sensitivity values ranging from 99 to 395 
nm/RIU (RIU stands for refractive index unit) for relati-
vely thin layers of test materials within 50 and 200 nm. 
In addition, the sensor was also capable of detecting 
slight changes of the refractive index of a water medium 
at a fixed wavelength as small as 0.002 RIU [1], showing 
its potential for high molecular specificity. 

As an experimental proof of concept, the heteros-
tructure was manufactured by a simple method based 
on electron beam lithography and the measured optical 
response agreed with the simulations. This work paves 
the way for increasing the sensitivity and specificity of 
plasmonic sensors as well as improving the signal of 
some enhanced surface spectroscopies.

Figure 1. (a) Schematic representation of the studied structure. The inset shows a cross-sectional view. (b) Resonant 
wavelength corresponding to the surface lattice resonance as a function of the refractive index for three values of the test 
layer thickness
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Even though planar chiral structures can induce a 
polarization-dependent absorption of the incident ra-
diation [1], only three-dimensional systems can exhibit 
a measurable difference in the total optical loss, that 
is, circular dichroism (CD). Our work is focused on the 
design and simulation of a simple 3D structure that 
presents large CD in the near-Infrared (NIR) and optical 
ranges that can be easily tuned by adjusting its geome-
trical parameters[2]. 

The building block used in this work, so-called “tris-
kelion”, shows a three-fold rotational symmetry and has 
chiral nature (Figure 1c). A single triskelion shows signi-
ficant dichroism in both the absorption and scattering 
(Figure 1a and 1b). However, the two dichroic signals 
cancel each other owing to its planar nature [1]. On 
the contrary, when two triskelia are stacked together to 
form a non-planar structure (Figure 1f), we found a re-
markable dichroism in the extinction spectrum due to 
new resonances arising from the interaction between 
the two triskelia. This geometric arrangement provides 
a simple platform to finely control the CD of the system 
by adjusting the distance between the triskelia and their 
relative rotation angle, two parameters that can be easi-
ly tuned in the manufacturing process. 

Further simulations of the near-field distribution of 
the electric field for several values of the relative rota-
tion angle have been performed too, providing deeper 
insight into the effect of the nanostructure symmetry 
on the CD in the total optical loss.  
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Figure 1. Absorption (a) and scattering (b) cross-section spectra for a single triskelion, and (d) and (e) two triskelia with 
a relative rotation angle of 30° and 30 nm of separation. Right panels (c) and (f) show schematic representations of a 
single triskelion and two triskelia, respectively
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The paradigmatic setup in cavity optomechanics is an 
optical cavity with an end mirror that can vibrate.  This 
kind of setup appeared already several decades ago in 
theoretical considerations and basic experiments, star-
ting with Vladimir Braginsky’s work at the end of the 60s. 
Since then, the advances of fabrication techniques have 
made available the successful demonstration of a wide 
variety of high-quality optomechanical (OM) devices, i.e., 
high-Q mechanical resonators that are efficiently cou-
pled to high-Q optical cavities. All those architectures, 
which span a huge range of vibration frequencies and  

effective masses, are described by the same physical 
formalism and allow, for instance, testing quantum me-
chanics even on objects of macroscopic scales [1].  

In this work we will place our specific research inte-
rests in this wide context, which aims to find applica-
tions at ambient operation conditions. We will review 
our progresses using Silicon-based optomechanical 
photonic crystals (OMCs), which are at the same time 
photonic crystals cavities in the near IR range (~200 
THz) and phononic crystals cavities in the GHz range 
(see Figure 1). We will summarise our experimental 
studies on the non-linear dynamical regimes that can 
be triggered at high intracavity photon numbers both 
on single OMCs and on pairs of coupled OMCs. Those 
are mechanical lasing, phase locking to external RF re-
ferences, chaos and mechanical synchronization [2-4], 
among other interesting regimes. Finally, we will discuss 
their possible use as OM sensors of different sorts of 
submicrometric analytes [5] and of magnetic fields. [6] 
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Figure 1. Finite element methods simulation of a photonic and a phononic cavity modes (panels a and b respectively) of 
a trapezoidal silicon-based optomechanical crystal
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The scope of this work is the development of a me-
chanical biosensor to detect stresses exerted by epi-
thelia during their processes of growth or regeneration. 
This system will be based on a silicon nanopillar array, 
triangularly distributed, behaving as a photonic crystal, 
whose interpillar medium will be water.

Photonic crystals are periodic distributions of two die-
lectric materials that show the presence of a forbidden 
band for photons [1]. The behaviour of photons throu-
gh the structure is driven by the dispersion diagram, or 
band diagram. If the difference in dielectric permittivity 
between the two materials is large enough, complete 
photonic band gaps can be opened, banning the light 
transmission for a specific light frequency range and 
polarisation in any direction of the structure. The posi-
tion and width of these band apertures will be strongly 
driven by the geometry of the system, in our case the 
nanopillar’s radius and the interpillar distance (or pitch). 
Taking advantage of these band gaps the introduction 
of linear and point defects allows the light propagation 
through the structure in a controlled manner [2].

In this work we present the design, fabrication and cha-
racterisation of these photonic crystals, with and without 
defects. The design has been carried out using simula-
tion methods as the finite-difference time-domain (FDTD) 
[3] and eigenfrequency solvers. Using the gap-to-midgap 
ratio as a figure of merit to evaluate the efficiency of the 
structure, it has been found that for our system the best 
radius and pitch values are 100 and 500nm, respectively 
(Fig.1). Three dimensional simulations have shown that 
pillars with lengths up to 1µm still sustain the desired 
band gaps, as predicted in literature [4]. The introduction 
of defects has been simulated too. The results prove that 
the reduction of the radius of one line of pillars can rise 
modes from the bottom bands into the photonic band 
gap: the smaller the radius, the deeper the introduction 
of the mode. Point defects have proven their behaviour 
as resonance cavities in the system, giving the rise of sha-
rp transmission peaks in the band gap (Fig.2).

The fabrication of these structures has been carried 
out in advanced clean room facilities. A sequence of di-
fferent techniques starting by an electron beam lithogra-
phy (EBL), followed by a metal deposition and lift-off and 
finalising with an anisotropic dry etch. The optimisation 
of this process flow has allowed the successful fabrica-
tion of the structures of almost perfect cylindrical pillars 
with radii from 100nm down to 60nm (Fig.3). It must 
be pointed out that silicon-on-insulator (SOI) substrates 
have been used during the nanofabrication. The use of 
SOI substrates ensure the correct vertical confinement 
of light thanks to the total internal reflection, preventing 
the light diffusion towards the substrate. In addition, in 
order to simplify the light coupling and decoupling into 
and out of the photonic crystal a grating structure and 
a waveguide have been nanofabricated. 

Figure 1. Gap-to-midgap 
evolution depending on 
the radius-to-pitch ratio

Figure 2. Projected band diagram of the structure. A single mode in the photonic band gap can be observed (green line). 
The transmission spectrum of the structure can be seen as well in red

Figure 3. Scanning electron microscope image of one of the photonic crystals nanofabricated. A waveguide and a cavity 
in it can be observed
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New chiral tetranuclear square-like homo- and heterometallamacrocycles containing allyl-palladium and either 
Pd(P–P)* or Pt(P–P)* optically pure moieties (P–P* = (+)-2,3-O-isopropylidene-2,3-dihydroxy-1,4-bis(diphenylphos-
phino)butane or (S,S)-DIOP and (1S,3S)-1,3-Dimethyl-1,3-propanediyl]bis(diphenylphosphine) or (S,S)-BDPP) have 
been obtained from the self-assembly of {Pd(η3-2-Me-C3H4)}

+, {M(P–P)*}2+ and 4-PPh2py building blocks in a 1:1:2 
molar ratio[1,2,3]. The prepared supramolecular assemblies [{Pd(η3-2-Me-C3H4)}2(4-PPh2py)4{M(P–P)*}2](CF3SO3)6  
(M = Pd, Pt) have been fully characterised by multinuclear NMR spectroscopy and ESI-MS spectrometry and dis-
play remarkable differences on its dynamic behaviour in solution that depend on the phosphane and the labitlity 
of M-py bonds. Furthermore, the structural features of the new metallamacrocyles have been unambiguously 
established by X-ray analysis. These species have been assayed as catalytic precursors in the palladium catalysed 
asymmetric allylic alkylation of rac-3-acetoxy-1,3-diphenyl-1-propene.

NanosMat
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The lithium, sodium, potassium and rubidium salts 
of the [{CoIII(Me3-Tacn)}4{FeII(CN)6}4]

4- mixed valence cu-
bic-cage structure have been prepared using a well-de-
veloped mechanistically directed self-assembly process 
described for 2D structures[1-9]. In all cases the pre-
parations have been conducted by reaction of the {CoI-

II(Me3-Tacn)} moiety, in the form of [CoIII(Me3-Tacn)Cl3], 
with the desired [FeII(CN)6]

4- salt in aqueous solution at 
pH 8-9 and 50°C.

The compounds have been characterised by multinu-
clear (1H, 13C, 23Na, 7Li) NMR spectroscopy and XRD for 
the sodium salt. The exchange of the internal encapsu-
lated cations is seen to occur slowly and is found to be 
independent of the self-assembly processes. A compre-
hensive kinetico-mechanistic study indicates that the 
process is driven by the distinct solvation processes of 
the cations inside and outside the cage.
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Developing alternative synthetic route for achieving 
nanoscale heterostructures can offer more structural 
and compositional diversities in the system, rather than 
those obtained by using traditional bottom-up approa-
ches. In this work, a new synthetic route was developed 
for the synthesis of both Au-Ag2Se and Au-Ag2S hybrid 
systems by directly mixing Au and silver chalcogenides 
nanoparticles, instead of adding surfactant -Au(III) com-
plexes[1,2] into Ag2Se and Ag2S nanostructured semi-
conductors. The results showed that the Au has partially 
fused with initial Ag2Se and Ag2S, resulting in the forma-
tion of two ternary interfaces (AuAg3Se2 and AuAg3S2) in 
between the metallic domain of Au and the initial Ag2Se 
and Ag2S, respectively. Their structures, chemical com-
positions and optical properties have been studied by 
electron microscopic techniques, X-ray diffraction and 
UV/vis spectroscopy.
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The remarkable chemotherapeutic properties of cis-
platin, discovered long ago, were the starting point of an 
intense research field devoted to find more efficient and 
less toxic drugs based on other transition metals. In this 
aspect, ruthenium is one of the most studied elements.

Two decades ago, Dyson described that Ru(II) com-
plexes with η6-coordinated arenes bearing a PTA phos-
phane showed a potent antimetastatic effect, with RAP-
TA-C being the most well-known example[1]. Inspired 
by this research, a few years ago we uncovered a family 
of Ru(II)-arene complexes with 1-pyrenylphosphane li-
gands[2a]. These complexes are very cytotoxic against 
several tumor cell lines and clear Structure Activity Re-
lationships (SARs) were elucidated. More recently, the 
synthesis of other 1-pyrenylphosphanes and their de-
rived complexes has been expanded[2b] but the active 
species have remained elusive.

In this contribution we present details on the synthe-
sis of ligands and several types of Ru(II)-arene comple-
xes, including tethered and cyclometallated systems. 
In addition, the evolution of the complexes in solution, 
forming the active species, is discussed.
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More than 50 years after the discovery of the anti-
tumoral activity of cisplatin, the scrutiny of complexes 
and organometallic compounds of transition metals as 
antitumor agents continues at fast pace. Ruthenium[1a] 
and more recently osmium[1b] have emerged as two 
of the most promising metals because they often show 
reduced general toxicity compared to platinum, increa-
sed selectivity for cancerous tissues and potential anti-
metastatic activity, thanks to a variety of action mecha-
nisms they present.

At the beginning of the present century, Dyson and 
coworkers[1c] uncovered that a family of Ru(II) com-
plexes with η6-coordinated arenes and the PTA phos-
phane was particularly active, RAPTA-C being the most 
well-known member. These results inspired our own 
research in the area and recently we described a family 
of Ru(II)-arene complexes with a 1-pyrenylphosphane li-
gand[2a]. These complexes were very cytotoxic against 
several tumor cell lines and clear Structure Activity Re-
lationships (SARs) were elucidated.

In this contribution we disclose a novel family of 
cyclometallated ruthenium (A) and osmium (B) com-
pounds with 1-pyrenylphosphanes[2b]. Synthesis and 
biological studies of this complexes against tumor cells 
are presented.
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Direct growth of vertically aligned carbon nanotubes 
(VACNTs) on a conducting metal substrate is becoming 
a necessary for energy storage applications, which has 
been a challenge for a long time. Most of the previous 
studies investigated the growth of carbon nanotubes 
(CNTs) over stainless steel (SS) using a diffusion barrier 
to prevent the diffusion of the catalyst inside the subs-
trate. Some late studies worked on the growth of CNTs 
directly on different alloys of SS substrate using the Fe, 
Ni, and Cr inside the SS as a catalyst after the reduction 
process at high temperature to remove the oxides and 
to keep chemically stable surface where the surface re-
duction and CNTs growth were done separately.

In this study, SS-310S0 alloy of 100 μm thickness was 
used as a substrate to directly grow the CNTs by ra-
diofrequency plasma enhanced chemical vapour de-
position (RF-PECVD) using the catalyst particles of the 
SS-310S0 alloy itself. The conditions were optimized to 
start the PECVD process directly after the reduction in 
a continuous process. For reduction, 50 W RF-plasma 
of H2 at 680 °C weas applied. Different annealing ramp 
times and PECVD temperatures were used to be opti-
mized using Box-Wilson experimental design (Fig. 1). In 
this experimental design, we have studied the length, 
diameter and density of CNTs on the SS-310S0 substra-
te where the goal is to obtain long, small diameter and 
high density CNTs. The optimum conditions we obtained 
(Fig. 2), in the range of the selected parameters, were at 
annealing ramp time of 1040 s and PECVD temperature 
of 700 °C when we fix all the other parameters.

Figure 1. Box-Wilson experimental design to optimize the 
CNTs growth conditions over SS 310S0 alloy

Figure 2. The conditions desirability for the growth of CNTs

Figure 3. SEM image of the obtained CNTs obtained by 
the desired conditions
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Nowadays there is a severe concern regarding clima-
te change and the use of fossil fuels in the energy sce-
nario. This has attracted considerable interest in both 
the use of renewable sources, including biomass, and 
the development of new energy vectors, such as H2. In 
this context, the photocatalytic production of hydrogen 
from biomass-derived alcohols is considered a highly 
desirable source for renewable H2 production[1]. Re-
search for efficient photocatalytic systems is a hot to-
pic under continuous progress; diverse semiconductor 
materials, mainly those based on TiO2, have been widely 
studied as photocatalysts for hydrogen production[2].

The high surface area, uniform porous array and 
long-range structure of ordered mesoporous materials 
make them interesting candidates to be used as photo-
catalysts.  In this work, a series of complex organic-in-
organic mesoporous materials were successfully syn-
thesized by a microwave-assisted method that allowed 
the preparation of periodic mesoporous organosilicas 
(PMOs) with Ti (IV) forming part of the structure (Ti-
PMO). Ti-PMOs showed a better photocatalytic beha-
vior than PMO and this is related with the presence of 
tetrahedral Ti(IV) in the PMOs network. Ti-PMOs displa-
yed a lower barrier for the electron transfer and a more 
efficient charge separation than PMO. The highest H2 
production was obtained with Ti20-PMO photocatalyst; 
after 4 hours of irradiation, 2042 μmol H2 gcat

-1 were ob-
tained, which was about 20 times higher than that ob-
tained with a reference commercial TiO2 (P25). 

NanoEnergy
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In recent years, many materials have been developed 
and optimized for additive manufacturing. The range 
of commercial materials for additive manufacturing te-
chnologies is growing quickly. Despite this, most of the 
polymeric materials available have limited mechanical 
properties, which means that they cannot be widely 
used for functional parts[1]. Materials of vat photopoly-
merization based techniques is a common example. In 
these technologies, a liquid material sensitive to a light 
source is cured layer by layer to form the three-dimen-
sional object. 

In order to improve the mechanical properties of the 
polymeric material, alumina micro and nanoparticles 
were added[2]. To obtain the most stable and homo-
geneous material, a complete characterization of the 
rheological behaviour of the reinforced resin has been 
carried out, as well as its photoreactive behaviour. The 
chemical stability over time has been determined with 
calorimetric tests, as well as the stability of the suspen-
sion with sedimentation and rheological tests. Further-
more, to improve the mechanical properties and homo-
geneity of the printed material, a dual acrylic / epoxy 
resin was used as base material. The polymerization of 
the acrylic part is produced by the radiation of the light 
from the printing system, and the epoxy part cures by a 
post-processing thermal activation[3].

The work was financially supported by Catalan Gov-
ernment with the project BASE 3D (001-P-001646).
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The use of additive manufacturing (AM) techniques is 
being increasingly implemented due to the possibility 
of manufacturing parts with high geometric complexity, 
which cannot be manufactured by traditional proces-
ses. Direct Ink Writing (DIW) is the AM technique that 
has been used in this work. It is a versatile technology 
that allows the printing of 3D objects layer by layer by 
extrusion of ink[1]. The main properties of the inks used 
in DIW are good homogeneity, the absence of bubbles, 
and shear thinning behaviour.

Usually, the printing of ceramics by DIW requires inks 
with a high solid load of ceramics, commonly above 40 
vol%. The high content of ceramic powder entails the use 
of additives that prevent agglomeration and/or sedimen-
tation, ensuring the homogeneity and stability of the sus-
pension, with a proper viscosity and workability[2].

An alternative strategy to ceramic powder in the prepa-
ration of printing inks is the use of ceramic precursors. In 
the case of ceramics such as SiO2, SiC, Si3N4, SiCN, etc.,[3] 
the precursors are based on polymeric compounds such 
as polysiloxanes. One of the advantages of using ceramic 
precursors is the aim of obtaining small size pieces with 
micro details and/or with high porosity.

The present work shows the preparation of inks for 
DIW technology based on ceramic precursors, specifi-
cally inorganic aluminum salts. AlCl3-6H2O and AlCl3 are 
the two inorganic salts studied as a precursor to obtai-
ning Al2O3 ceramic pieces. Inks are based water and the 
gelling agent to obtain the proper rheological behaviour 
is Pluronic F-127. 

A complete rheological characterization of the inks 
has been carried out to ensure printability for DIW. 
TGA/DTA experiments were performed to study the 
thermal decomposition and determine the parameters 
for the thermal treatments need it to obtain alumina af-
ter the printing. The evolution of the crystalline phases 
was studied by XRD and IR, and microstructural charac-
terization by SEM.
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