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The Nals2024 Organizing Committee would like to thank the sponsors of the conference for
their support and contribution:

) lesmat

lesmat is a Spanish compafiytps://iesmat.con), with more than 17 years of presence in the
Spanish market dedicated to offering Physical, Textural, Chemical, Biophysical and
Calorimetric Characterization Solutions of Materials, Particles and Macromolecules

We work together with the best Partners: Malvern Panalytical, SORARe@N ,Microfluidics,
Particle Measuring Systems, Postnova, Surface Measurement Systems,Fluidan CIQTEK,

Precipoint and Dr. Fodisch

e Quantum Design

EUROPE

Quantum Design groughttps://gdeurope.com/es/enis a leading European distributor of
high-quality scientific instruments and components. The group offers components and systems
used in material sciences, imaging, spectroscopy, photonics, nanotechnology and life science
research. The group was foundéeha@st 50 years ago and now employs more than 140 staff
across Europe.

Y UNIVERSIDADES CsIC

W+ GOBERNO  MINISTERIO COTEX'D“_. .
i DEESPANA  DECIENCIA INNOVACION fo; Nanomedicina

N e

The aim of NanomedCSIC Networtatips://conexiomanomed.csic.epfis to establish a
sustainable connection in the medium and long term, between research personnel from different
CSIC centers around the topic of Nanomedicine, sharing information and knowledge, to
maximize the CSIC effort in the area of nanomedicine amcdattional and international
visibility. NanomedCSIC will encourage the attraction and promotion of talent, especially
young people, promoting new vocations, and transmitting to society in general both advances
in the subject and issues of social impact.

https://conexion -nanomed.csic.es/
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https://conexion-nanomed.csic.es/
https://conexion-nanomed.csic.es/

NALS™2024

Nanomaterials Applied to Life Sciences

RONTAL

SOLUCIONES BIOTECNOLOGICAS, S.L.

GrontalSoluciones Biotecnologiottps://grontal.comy is a leading company in distribution

of laboratory materials, reagents, technical service and professional &dgieee a company
dedicated to total laboratory equipment since 2007. We have a team of professionals with
extensive experience whose main objective is to help the client. We want to be leaders and
specialists in our area of influence in all products andises related to LABORATORY
EQUIPMENT, at reasonable prices. Our aim is to maintain a customer orientation, detecting
their needs, with continuous improvement in our products and services.

dicsa

DICSA. Distribuciones Industriales y Cientificas S.L. Ciencia e innovacitps(//dicsa.gs

DICSA is a dynamic company with more than 35 years of experience in the distribution of
scientific instrumentation and laboratory equipment, such as reagemésmables, laboratory
furniture, etc... in which we distribute to customers such as Universities, Hospitals,
Laboratories, research centers, among others.

It has a highly qualified staff distributed throughout Spain, which guarantees an optimal
customer service, as well as offering technical advice and extensive experience in the field of
scientific instrumentation and equipment.

sical

Material para laboratorio

We are a company with a long history in the comprehensive distribution of laboratory
equipment. We work with all types of laboratories, universities, research and diagnostic
laboratories, as well as teaching centfegps://sical2000.ek/
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NanoCARE(https://nanocare.gsis a thematic network for the collaborative development of
nanomedicine, focused on specific challenges in cancer, atherosclerosis and infectious diseases.
NanoCARE joins 14 groups working on materials for biomedicine, pharmacology, chemistry,
physics, bitechnology, microbiology and medicine.

Nanomedicine impact on health is continuously growing; with Spain in a strong position and
many groups leaders at international levels. On this sense, a coordinated work of these groups
can boost their performance allowing new and synergistic collabosation

NanoCARE will promote seed projects among members of the network; this will establish new
collaborations or strengthen existing ones, this way we will apply to international calls from a
much stronger position. Common, new, research lines will be progosedch member can

join to one or several of them, increasing the interdisciplinarity of their research and the
international impact of Spanish nanomedicine. Our international impact will also benefit from
our transfer to the industry of the products aledi in nanoCARE, a R+D aspect in which
Spanish performance needs a boost.

NanoCARE is an opportunity of creating something new in Spain; a nanomedicine network,
with the best tools for research and coordination, focused on solving specific health problems
that affect society.
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BIOS Technology Solutiongttps://www.biosts.es) is a company that offers Technological
Solutions of Value to companies, of any size and sector, to make them more competitive,
productive and profitable. BIOS does not offer tools, but comprehensive and innovative
solutions tailored to the company's neédsth more than 15 years of experience working in



https://nanocare.es/
https://www.bios-ts.es/
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the ICT sector with public and private organisations and institutions, BIOS has been growing
and evolving and has even diversified its solutions and services to other sectors, such as
education.

Our main objective at BIOS is to manage all the technological needs that may arise in
companies and organisations. We cover all types of hardware, software and communications
systems to become your global service provider.

nanomaterialspe pharmaceutics
an Open Access Journal by MDPI rM\D\Py an Open Access Journal by MDPI

Nanomaterials (ISSN 20794991) is an international, pemviewed, interdisciplinary
scholarly open access journal, published semimonthly online by MDPI. It publishes reviews,
regular research papers, communications, and short notes that are relevant to anydigyd of st
that involves nanomaterials, with respect to their science and application. Thus, theoretical and
experimental articles will be accepted, along with articles that deal with the synthesis and use
of nanomaterials. Articles that synthesize informatiamfrmultiple fields, and which place
discoveries within a broader context, will be preferred. There is no restriction on the maximum
length of the papers. Our aim is to encourage scientists to publish their experimental and
theoretical research in as muattall as possible. Full experimental or methodical details, or
both, must be provided for research articles. Computed data or files regarding the full details
of the experimental procedure, if unable to be published in a normal way, can be deposited as
suplementary material.

Pharmaceuticsis a peetreviewed, open access journal on the science and technology of
pharmaceutics andiopharmaceutics and published monthly online by MDPI. The Spanish
Society of Pharmaceutics and Pharmaceutical Technology (SEFIG), Pharmaceutical Solid State
Research Cluster (PSSRC), Academy of Pharmaceutical Sciences (APS) and Korean Society
of Pharmaceutical Sciencesdamechnology (KSPST) are affiliated with Pharmaceutics and
their members receive a discount on the article processing charges.
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P1 B. Colago-Alves Surface-enhanced Raman scattering (SERS) for dissolved carbon dioxide
detection using porphyrincoated gold nanostars

P2 J.L.Arias Biocompatible magnetopolymeric nanoparticles for antitumor hyperthermia
and photothermia therapies

P3 J.L.Arias Reproducible formulation of poly(butylcyanoacrylate}coated iron oxide
nanostructures for biomedical applications

P4 M. Barczak Synthesis and characterization of supramolecular peptidebased magnetic
hydrogels for biomedical applications

PS5 A.l. Becerro-Nieto Effect of nanoparticles architecture on their performance as multimodal
contrast agents for TtT2 dual mode MRI and luminescent bioimaging

P6 A.B.Bonhome Designing the internal microarchitecture for selfheating droplets via gold
and magnetite nanoparticle compartmentalization

P7 AJ.Bruno Fabrication and Sensing Applications of LaseEngraved rGO Electrodes
Decorated with Metal Nanopatrticles
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P9 SI¢hiogero-Gaglio Avoiding undesired effects in the interaction of nanostructures with immune
cells: the Role of Oxyresveratrol

P10 M.V. CanoCortés Mass Cytometry Nanodiagnostic Assay for Cancer Biomarker Recognition

P11 M.Carrasco Conditioning of black mass of disused LIB's for the separation of its
components by flotation process

P12 A.Casillas-Rubio Upconversion luminescence lifetime modulation by excitation control

P13 A.Danana Synthesis and functionalization of gold nanoparticles with superior -xay
attenuation properties compared to clinically used iodinated small
molecular contrast agent

P14 L. De CastroAlves Magnetic hybrid biomaterials for cyanotoxins removal from water

P15 M. del PuertoMorales | Magnetichydrogels and primary neural cells under higfirequency magnetic
stimulation

P16 M. Dhanjani Controlled synthesis of magnetoplasmonic aggregate nanoparticles for
biomedicine

P17 S.Domingo-Pelegri Covalent Organic Frameworks (COR)anoparticles with optical properties as
contrast agents for photoacoustic imaging

P18 S. DomingaPelegri Light-activated nanomedicines for selective intracellular delivery of
camptothecin

P19 D. EgeaBenavente Magnetic Hyperthermia Therapynediated by Nanoparticles: search for
candidates, selection of operating conditions and in vitro experiments

P20 L.Encabo Development of a targeted PLGAEG nanoplatform for -CFN volatile
cannabinoid

P21 A. FernandezBorbolla | Coating Techniques for the Obtention of Cell MembraneCoated
Nanoparticles for Tissue Specific Therapeutics

P22 C. Lecumberri Combined systems of magnetic photo and biocatalysts for the tertiary
treatment of emerging contaminants in wastewater

P23 M.L. Fernandez Solar-driven antibacterial activity of ZrCo ferrites

Gubieda

P24 L. FernandezHuarte Development of a platform for novel gene therapy vectors with renal tropism

P25 S.C. Freitas Multifunctional Fe-Au nanostructures for biomedicalapplications

P26 G. GarciaGarcia Functionalized magnetopolymeric nanocomposites for antitumour magnetic
hyperthermia therapy

P27 G. GarciaGarcia Magnetic core/shell nanoparticles as antitumoral agents for magnetic and
photothermal therapy

P28 J. GarciaFernandez Versatile and scalable nanotechnology platform for addressing personalized
medicine

P29 M. Mar Gil-Diaz Nanoscale zero valent iron increases iron availability in agricultural soils

P30 D. JiménezBoland Biomimetic Cell Membrane-Coated Nanoparticles for the Targeting and

Potential Treatment of Glioblastoma
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P31 M.Montalban-L6pez Broadening the antimicrobial spectrum of the enterocinAS-48 in
combination with magnetic nanoparticles and hyperthermia

P32 M. Lazaro Crucial role of cellular uptake in photothermal treatments using BMNPs

P33 M. Lazaro Magnetic Activated Carbon for drug delivery

P34 A. LednCecilla Magnetic Semiinterpenetrating Hydrogels Based on Natural Biopolymers for
Sensing and Actuating

P35 A. MarquezLopez Design of chemotherapeutic nanoparticles to target Tumor Endothelial
Marker 8 receptor in solid tumors

P36 A. MedinaMoreno Formulation of (maghemite/poli{ -caprolactone))/polyethylenimine
(core/shell)/shell nanoparticles with potential application in hyperthermia
against cancer

P37 A. MedinaMoreno Design of stable polyethyleniminedecorated magnetopolymeric
nanoparticles for antitumor drug delivery

P38 C.M. Montero Synthesis of Magnetic Nanoparticles by the Recycling of Industrial Steel
Waste and its application on CPWO

P39 D. Moran-Tuya Synthesis of starchsilver hybrid nanoparticles and their use agntimicrobial
agents

P40 A. Morjane Theoretical Investigation of the Role of Dipok®ipole Interaction on the
Efficiency of Magnetic Hyperthermia

P41 S. OrozcaeBarrera Soft carbon electrodes in Capacitive Energy Extraction: exploring geometry
and operational parameters in Capacitive Mixing systems

P42 K. Pansegrau Temperature Influence on the Relaxation Behavior of Immobilized Magtic
Nanoparticles

P43 M. Pedrosa Real cell membranes in Langmuir monolayers for anticancer drug studies
and modelvalidation

P44 M. Perduca Superparamagnetic Nanoparticles coupled with silver and copper: growth
inhibition of bacterial pathogens

P45 V. Silva SERS detection of saxitoxin using covalent organic polymer/gold
nanoparticles composite

P46 T. Pozo Gualda Trapping heavy metals by bone bioresidues

P47 T. Pozo Gualda Bones as bacterial bioadsorbant

P48 F. J.GémezRamos Proposed mechanisms of reaction for coating maghemite nanoparticles with
alkylcyanoacrylates

P49 F. J.GémezRamos Optimized formulation of maghemite/poly (n) Butylcyanoacrylate
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magnetic hyperthermia

P50 A. RoblesFerndndez | Tunable Lipid Nanoparticles as Effective Carriers for Enhanced Brain
Penetration

P51 J.RodriguezAlvarez Coupled optical modes in twisted triskelia nanostructures for enantiomer
detection

P52 A. Rodriguez Superparamagnetic nanoprobes for magnetenductive sensing

P53 P.A. Rodiguez Physical switches to enhance the antitumoral action of magnetic

Jiménez nanoparticles
P54 P.A. Rodiguez Magnetic-induced bacterial death mediated by magneticmanoparticles
Jiménez

P55 A. RubicAndrés Synthesis of Multiresponsive Plasmonic Microgels

P56 C. SaweresArguelles | Tailored starch-based nanocolloids for bioapplications

P57 Z. Shaterabadi Uniformed-sized Fe304 NRs for application in thermal treatment

P58 A. SolaLeyva Enhanced Cancer Treatment through Triple Modality Therapy:
Chemotherapy, Magnetic Hyperthermia, and Photothermia Using BMNPs
Conjugated with ChoKal Inhibitor

P59 H. Soto Engineering small extracellular vesicles as targetedanocarriers for
antifibrotic therapies

P60 J. Tavacoli Wagging Magnetic Microswimmers

P61 M. Vassallo Dual-responsive magnetic nanodroplets for controlled oxygen release via
ultrasound and magnetic stimulation

P62 M. Vassallo From synthesis to invitro hyperthermia application of magnetite
nanoparticles with different surface coating

P63 C. Wenck Design, development and characterization of magnetic nanoparticle systems

for advanced theranostics
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P64 G. Zanella Effects of Magnetic Nanoparticles on the Functional Activity of Human
Monocytes and Dendritic Cells
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(PL1) Thermal and ultrasonic effects due to the interaction

of electromagnetic radiation with magnetic nanoparticles

M.R. Ibarra
Yinstitute of Nanoscience and Materials of Aragon, GBIversity Zaragoza, Spain
2 AdvanceadVlicroscopies Laboratory (LMA) University of Zaragoza, Spain
% Condensed Matter Physics Department, University of Zaragoza , Spain

*

. ibarra@unizar.es

The established understanding is that, when magnetic nanoparticles (MNPs) absorb
energywithin uploaded cells, biological membranes can experience physical damage due to
the energy released by the MNPs [1,2]. This membrane damage goes beyond the conventional
explanation of temperature increase effects. Other mechanisms, such as the gewieration
acoustic waves in the ultrasound region, may contribute to the observed damage. We have
measured a significant increase in the amplitude of the 2nd harmonic signal in samples
containing MNPs, as theoretically predicted [3]. This increase was absanhimagnetic
nanoparticle control samples, serving as a distinctive indicator of ultrasound generation
through magnetacoustic interaction in the MNPs.

There is ample evidence supporting the impact of magnetically aligned aggregates of
MNPs on heating efficiency [4]. Recent experiments have underscored the significance of
magnetically aligned MNPs in ultrasound emission [5]. These findings highlightubmlc
role of magnetic dipolar interaction in the magneto acoustic coupling within these systems.

These effects pave the way for the design of MidBed nanovectors, offering new
possibilities for ultrasound theragnostic applications by integrating acoustic imaging and
magnetic fluid hyperthermia (MFH) treatment.

[1] L. Asin, M.R. Ibarra, A. Tres, and G.F. Goy@ontrolled cell death by magnetic
hyperthermia: effects of exposure time, field amplitude, and nanoparticle concentration.
Pharmaceutical research, 29(5):181327, 2012.

[2] B. Sanz, M. P. Calatayud, T. E. Torres, M. L. Fanarraga, M. R. Ibarra, and G. F. Goya.
Magnetic hyperthermia enhances cell toxicity with respect to exogenous heating. Biomaterials,
114:6270, 2017.

[3] J. Carrey, V. Connord, and M. Respaud. Ultrasound generation andfieighency
motion of magnetic nanoparticles in an alternating magnetic field: toward intracellular
ultrasound therapy? Applied Physics Letters, 102(23):232404, 2013.

[4] Beatriz Sanz, Rafael Cabrei@omes, Teobaldo E. Torres, Daniela P. Valdés, Enio
Lima Jr ., Emilio De Biasi, Roberto DLow-Zysl er
Dimensional Assemblies of Magnetic MnE2 Nanoparticles and Directin Vitro
Measurements of Enhanced Heating Driven by Dipolar Interactions: Implications for Magnetic
Hy p er t IAES Applied ocNanomaterigl®OI: 10.1021/acsanm.0c01545

[ 5] R. Mar quez H{ndted setondoharmanic elttasound §eneeatiod
in Magnetic Nanoparticleso PhD Thesis (2023
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(PL2) Some recent developments in magnetic field hyperthermia:
from standards andmetrology to clinical studies
Quentin Pankhurst

! Healthcare Biomagnetidsaboratory, University College London, 21 Albemarle Street,
LondonW1S 4BS, UK.

2Resonant Circuits Limited, 21 Albemarle Street, London W1S 4§&th(|:
g.pankhurst@ucl.ac.uk

In magnetic field hyperthermia (MFH), a tirvarying magnetic fieldH (t) = Hosin@2" ft)
is used to deliver thermal energy into implanted magnetic materials in the human body, for
therapeutic purposes. Currently, MFH is used clinically in the treatment of glioblastoma and
prostate cancer and is being tested for pancreatic cancer. It thalsobject of extensivie
vitro and preclinical testing as researchers explore ways to optimize and use it.
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Example of a magnetic fluid used in MFH. Key: 1 = glass vial; 2 = RCL Agent (magnetic
fluid); 3 = supernatant of water for injection &aline; 4= multicore magnetic
nanoparticles; 5= individualiron oxide cores; and 6 = dextra0 matrix.

In this lecture a selection of recent examples of developments in MFH will be presented
and discussed. The examples will include:

1 standardisation of the terminologies used in MFH [1];

1 the introduction of ISO standards on the specification of characteristics and
measurement methods for magnetic nanosuspensions and nanostructured beads [2];

1 a review of the safety aspects of mpecific eddy current heating associated with
MFH [3];

1 a multisite interlaboratory study and review of challenges and recommendations for
MFH characterisation measurements [4];

1 the evaluation of deefissue MFH localisation methods using pulse sequencing [5,6];
and the latest reports on an-ging clinical study of MFH for the treatment of locally
advanced pancreatic cancer [7].

References

[1] J. Wellset al, J. Phys. [60(2017)383003.

[2] ISO/TS 198071:2019 and ISO/TS 198a7:2021.

[3] M.K.Y. Kwok et al, Appl. Phys. Lett122(2023) 240502.

[4] J. Wellset al, Int. J. Hyperthermi&88 (2021) 447.

[5] F.L. Tansiet al, Int. J. Hyperthermi&88 (2021) 743.

[6] W.O. Maduasbucthet al, Cancersl6 (2024) 33.

[7] Seehttps://tinyurl.com/3zfkurth  Val | déHebron Institute of Onco
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(PL3) Designing tumourtargeted nanomedicines for cancer
therapy
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Gene therapy holds great promise for treating advanced cancers resistant to conventional
therapies. However, the lack of delivery systems able to deliver therapeutic DNA selectively
to tumours without harming healthy tissues presents a significant cleallBo@ddress these
issues, we are working on the design and development of novel tiangeted, genbased
nanomedicines for advanced cancer therapy. Several of these strategies will be highlighted in
this presentation.

For example, the intravenous administration of transféreigwring and lactoferribearing
polypropylenimine dendriplexes resulted in gene expression mainly in the tumesis [1
Consequently, delivering the transferbiearing dendrimer complexed to ardygeutic DNA
encoding tumour necrosis factor (TNF)U 1| ed
tumours over one month [1]. Similarly, this approach resulted in tumour suppression for 60%
of PG3 and 50% of DU145 prostate tumours [3]. Additionallgtdderrinbearing targeted
dendriplexes encoding TNFU |l ed to complete
50% of B16F10 skin tumours over the same period [2].

In our pursuit of a versatile delivery system capable of transporting bottesantter drugs
and nucleic acids, we developed regmxsitive dendrimersomes made of disulphiiclecd
camptothecirbearing PEGylated dendrimers that can be used as drug aaddgkvery
systems for potential applications in combination cancer theragB). [[Notably, these
PEGylated dendrimers were found to spontaneoushassémble into cationic vesicles. These
vesicles (dendrimersomes) were able to entrap both hydrophdichyeirophobic agents,
coupled with redoxesponsive sustained release of the entrapped guests. They were able to
condense DNA, and increased gene expression in prostate cancer cells compared to that
observed when treated with the unmodified dendrimi[4

Another strategy involves the development of novel tuatargeting gold nanocages
conjugated with polyethylenimine and polyethylene glycol, along with tutargeting,
dendrimerbearing gold nanocages-f§. These nanocages led to highly promising DNA
ddivery to prostate cancer cells, achieving efficacy without the need for external stimulation
such as photothermal therapy required for gold nanoparticles.

References

[8] S. Koppu, Y.J. Ohet al. J. Control. Releas&42(2010) 215221.

[9] L. Y. Lim, P.Y. Koh,et al. Nanomedicine: NBM 1 (2015) 14451454.

[10] N. Altwaijry, S. Somanigt al. Drug Deliv. 25(2018) 679689.

[11] P. Laskar, S. Somaret al. Nanoscalel0(2018) 228322847.

[12] P. Laskar, S. Somaret al. Nanoscalel1 (2019) 200580071.

[13] J. Almowalad, S. Somani, et &ht. J. Nanomedicin&6 (2021) 43914407.
[14] J. Almowalad P. Laskar, et alnt. J. Nanomedicin&7 (2022) 14091421.
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(PL4) Key features of lipid nanoparticles for safe use in acute
and chronic diseases

Eliana Souto
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. ebsouto@ff.uc.pt

Lipid nanoparticles are being proposed as drug delivery systems for decades. The number
of published works and filled patents is increasingly growing, granting them a prominent role
in formulation development for precision nanomedicine. Here we discusadsterelevant
aspects (e.g., lipid concentration, particle size, surface electrical charge, time of exposure,
surfactant composition) that need to be considered to classify lipid hanoparticles as efficient
and safe drug carriers, both in vitro and in viggamples are given with a special interest in
the targeting of positivelgharged drugs, as well as in dual drug loading, for the treatment of
acute and chronic disease. A typical example is the brain exposure to organophosphorus
compounds. Pralidoximehtoride is one of their current antidotes, acting as a reactivator of
acetylcholinesterase. We have successfully shown that this-sedtdle compound can be
formulated in SLN for intravenous targeting to the brain effectively. Scientific evidence is also
given on the safety of these carriers for dermal, ocular and oral administration of drugs.
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(kN 1) Designing Fully Customizable Nanorobot for Biocompatible
Navigation and Restoration of Amyloid Proteins
Monica L. Fanarraga
! Grupode Nanomedicina, Universidad de Cantabria, Instituto ValdetbidvAL
’ pfanarrag@unican.es

As only a small fraction of nanomedicines successfully reach their intended destination in
vivo?l, we have long focused on using biotechnology to produce customizable protein
coatings to improve nanomaterial targeting while avoiding the binding of serum pfhteins
Aiming to add new functionalities to nanosystems of all kinds, our focus has shifted to
designing nanoswimmers that can swim in biological environments.

To create a biocompatible and sustainable system powered by an "infinite" energy source,
we've chosen to use motor proteins that use ATP as their fuel, since this is the universal cellular
energy. With this in mind, wea ppitreglo floirk ed SR
during ATP hydrolysi4-°l. Our findings indicate that Hsp9flohybrids can navigate through
various synthetic or biological media, dependent on ATP concent?fat®iven Hsp90's role
as a molecular chaperone in restoring the functionality of damaged client proteins, our
subsequent inquiry focused on whether the HSP90 nanosystems could extend their
effectiveness to restoring proteins denatured by physical agentgpramenting amyloid
formatior’].

Our results demonstrate the remarkable efficacy of these nanosysthios act as
"nanorobots” with both swimming and protegpairing capabilities, to efficiently inhibit
amyloid formationin vitro. This research highlights how the fusion of biotechnology and
material science is ushering in a transformative era in nanomedicine, with unprecedented
prospects in healthcare and beyond. This innovation opens up a wide range of applications,
from precison drug delivery to regime protein repair and the prevention of amylmthted
diseases.
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[5] F. H. Schopf, et al. Nat Rev Mol Cell Biol 2017, 18, 345.
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(kN2) Development of ActiveTargeting Nanoplatforms for
Cancer Diagnosis

Rosario M. Sanchelartin

! Department of Medical and Organic Chemistry, Faculty of Pharmacy, University of
Granada, Campus de Cartuja s/n, 18071 Granada, Spain
2GENYO, Centre for Genomics and Oncological Research, Pfizer/University of
Granada/Andalusian Regional Government, PTS Granada, Granada, Spain.
3Instituto de Investigacion Biosanitaridn§. GRANADA), Granada, Spain
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Nanotechnology has made significant progress in recent years, leading to the development
of various new diagnostic and therapeutic platforms, collectively referred to as theranostics.
One of the keycomponents of these platforms are polymeric nanoparticles, which have a
unique set of properties, including the ability to adapt their chemical composition, size,
stability, shape, and surface functionality.

Polymeric nanoparticles have the potential to effectively transport biological materials
into cells without altering the cells’ biological functions or causing toxicity. Additionally, these
nanosystems allow for the targeted and controlled release oparées materials, avoiding
toxicological problems on netargeted cells.

The current study presents the development of novel aetigeting nanoplatforms for
cancer diagnosis, focusing on two specific approaches: (1) the detection and isolation of
malignant extracellular vesicles and (2) cancer cell detection based on resepexpression
using mass cytometry. The protocols used in the study employ standarphes& chemistry
for the controlled decoration of the nanopatrticles, which were then evaluated for conjugation
efficiency through various methods, including immumemistry, BCA assay, and
electrophoresis in agarose gel.

The functionalization of the nanodevices, conjugated with a specific antibody and either a
fluorophore or a lanthanide, was successful. This functionalization allows for the tracking of
the nanoparticles using flow cytometry or mass cytometry, respectiVély successful
development of these novel actitaggeting nanoplatforms represents a significant step
forward in the field of cancer diagnosis and highlights the potential of polymeric nanoparticles
as versatile tools in theranostics.This research wapasted by the Spanish Ministry of
Economy and Competitiveness (grant number PID2019.110987RB.I0O0 and
PDC2022.133913.100); the Andalusian Regional Government cofinanced by European
Regional Development Funds (FEDER) (PA0B4160, AFQM-760-UGR20); the
FEDER/Andalusian Regional Ministry of Economy and Knowledge (GV2041) and the
European Union's Horizon 2020 research and innovation program under the Marie
Sk g od&€wis lactions (MSCARISE101007934, diaRNAgnosis). NanoChembio team
are members of the ANOCARE 2.0 network (Grant RED20234560T funded by
MCIN/AEI/ 10.13039/501100011033.

References
[1] DelgadeGonzalez A,et al., Anal Chem. 2022, 2;94(30):1062635.
[2] CanceCortés et al., Nanoscale. 2021;8,335003511.
[3] RoblesRemacho et al., Talanta021 Mayl; 226:122092

xlEMZNAaW] I ¢ Uc¢l ¢ apNEdu RIAA 2NN WAIE NDAJDNIT Y


mailto:rmsanchez@go.ugr.es

NALS®2024

Nanomaterials Applied to Life Sciences

(KN3) Learning from nature: Biomimetic magnetic nanoparticles
as platforms to combine directed chemotherapy and
hyperthermia
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Magnetite formation by magnetotactiacteria is a unique controlled biomineralization process
among prokariotes. It is controlled by a set of proteins, able to interfere with the kinetics of magnetite
nucleation and growth, producing crystals with unique features, very different thanptbdseed
inorganically, perfectly suited for clinical uses. Learning from this natural process, biomimetic
magnetic nanoparticles (BMNPs) can be synthesized in the laboratory by using MamC, one of these
magnetosomes associated proteins. Like any otheeipretith acidic domains, MamC controls
nucleation by an ionotropic effect, but MamC presents an unique feature that has a major impact on
magnetite nucleation, and this is that it exerts a template BffddamGmediated BMNPs are
composed of F©. and are proposed as nanocarriers for targeted chemotherapy combined with
hyperthermia due to their novel properties. It is of particular interest their size (36 £ 12 nm) and surface
properties, having an isoelectric point of 4.4 so they can form nandassednugBMNPSs by ionic
bonding. These nanoassemblies are stable at physiological pH values, while drug is released at acidic
(tumoral) pH value. BMNPs are superparamagnetic at body temperatures, but, when exposed to a
magnetic field, they exhibit a large magic moment per particle, allowing magnetic concentration and
preventing drug dissemination. BMNPs are hyperthermia agents and are cytocompatible. They can also
be embedded in liposomes, further functionalized with antibodies to mediate an active targeting

Our results with DOXEBMNPs and liposome embedded L(DO>X&MNP) functionalized with
an antibod{#’ demonstrate that these nanoformulations can be injected and concentrated at the target
tumor by the apposition of a magnet. Moreover, these nanoassemblies respond to an alternating
magnetic field acting as magnetic hyperthermia agents. As a result,@hesate a local temperature
increase that, on one hand triggers tumoral cells death, and, on the other, enhaces drug release, further
intensifying cell deathindeed, when this DOX@MNP nanoformulation is injected in vivo in mice
model at the tumor site, and hyperthermia is generated, the combinedttteemal therapy mediated
by these drugoaded magnetic nanoparticles have a stronger therapeutic benefiarednip that
carried out by the chemotherapeutic aln€his nanoformulation and strategy are thus promising tools
for translational applications in cancer therapy.

Acknowledgments

Thanks go to the project ARCHER which has received funding from thei®i4R2 11.2 of
PNRR with | D project no. M SO0rke _g@r@ O 31048 and UGRa r i e
Research and Knowledge Transfer Foéttldenea3i. Thanks go to FEDER Operational PaogiB
BIO-432UGR20, Instituto de Salu@arlos Il (P12601658) and MINECO PDC202121135.100.

References
[1] A. UbageRodriguezt. al, Crystal Growth and Desigri9(2019) 29272935.
[2] F. Oltolina,et. Int. J. Mol. Sci.24 (2023) 13958.
[3] F. Oltolina, et. d. t, Cancers 12 (2020) 2564.

xEEMZNAW] | ¢0¢T ¢ ApNEdK RIAA 1NN WAIE DIORIND Y

r~



NALS®2024

Nanomaterials Applied to Life Sciences

(KN4) On the use of bieengineering for enhanced material
properties in cancer therapy

Bella B. Manshiah? Mukaddes 1z¢& Christy Maksoudiah Irati Perez Gilabeft
Tianjiao Chd, Stefaan J. Soen&h’

Translational Cell and Tissue Research Unit, KULeuven, Belgium
2L euven Cancer Institute, KULeuven, Belgium
3NanoHealth and Optical Imaging Group, KULeuven, Belgium

DIs.soenen@kuleuven.be

The interest in thbiomedical use of nanomaterials has been quite strong for several years,
yet despite the excellent preclinical proof of concept data, the clinical translation of
nanomedicines has remained somewhat low. One potential issue in this regard are the
uncertainies related to the biodistribution and {gfiects that nanomaterials will have upon
systemic administration. In the present contribution, we aim to provide an overview of some
recent examples on how developments in imaging and analysis can help to evsocoenof
the hurdles currently associated with biomedical research involving nanomaterials.

We will primarily focus on the use of biomimetics and biological strategies to enhance the
delivery of therapeutic nanoformulations to solid tumors. Specifically, we will focus on the use
of FLECT imaging in quantitatively determining nanoparticle distrdou (Figure 1) and,
combined with imagdased flow cytometry, look at the heterogeneity of cellular particle
uptake within the tumor microenvironment. Using these methodologies, we look at how
different inorganic nanoparticles can influence tumor metastievels, or how biomimetic
approaches can be used to enhance therapeutic efficacy of nanoparticles loaded with gene
constructs inducing immunogenic cell death.

Together with examples of novel imaging modalities and the need for fully quantitative
data, we hope that this presentation will help any interested scientists in uncovering the full
potential that nanomedicines have to offer.

4T1

Representative FLECT images of mice
orthotopically grafted with triple negative breast
cancer (TNBC tumojs and treated with
fluorescently tagged formulations that end up in
. the liver and (L) and tumor (T), where the extent
- of tumor delivery was found to correlate with the
level of tumorassociated macrophages.

EOQ771
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Magnetic micre and nanoparticles are widely used in biomedical applications. Current research
mainly focuses on ensemble properties in macroscopic samples, so that their magnetic properties on a
microscopic scale often are hidden in the ensemble avetdgesver, local information of single or
few numbered magnetic entities, e.g., in cellular environments, will benefit the further optimization of
their performance.

The traditional approach for high spatial resolution magnetic imaging involves a scanning probe
that is moved across the sample surface-lsyegtep. Magnetic fields are then locally quantified by
magnetic force measurements, nanoSQUIDs, or recently bggditVacancy (NV) defects in a
diamond lattice on the scanning tip. These scanning processes are however delicatssimméng,
or destructive, and they are not optimal for tiontical or technological applications.

Widefield magnetic imaging using Neenters in diamond allows the simultaneous monitoring
of events over wider areas. The approach offers a uniqgue compromise between resolution, sensitivity,
and measurement time allowing for a relatively fast {setondsto minutes) magnetic image
acquisition with a large field of view and diffractidimited resolution. These combined properties
make it an ideal measurement setup for the -tieselved monitoring of magnetic nanand
microparticles in fluids. Our appradat¢o widefield N\tbased sensing uses a diamond plate containing
a neaysurface high NWconcentration layer with a thickness of approximately 300 nm [1].

We present magnetic imaging of magnetic microbeads and nanoparticles on the diamond surface
as well as suspended in water. Optically detected magnetic resonance and longitudinal relaxation
contrast imaging is performed, revealing information about thé meagnetic field and GHz magnetic
noise amplitudes, respectively. Fig.1 shows particle clustering visualized by both modalities. Combined
with optical microscopy, complementary information on position and movement of the particles driven
by external magnit field forces as well as the fluid flow is obtained.

We demonstrate the potential and challenges of widefielst®&hfer magnetometry as a riate
magnetic imaging system of magnetic micend nanoparticles for biomedical and microfluidic
applications.

Figure 1: Left: Magnetic field
component generated b
magnetic nanoparticle:
reconstructed from the
measured Zeeman splitting «
the NV-center spin states
Right: Longitudinal relaxation
contrast image of NV center
induced by MNP GHz noise.
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Polymer hydrogels are threimensional, hydrophilic networks of polymer chains
swollen by water or biological fluids. These hydrogels exhibit a distinctive combination of a
soft, solidlike macroscopic appearance and a highly porous microscopic strudtiadly,
when endowed with the requisite biocompatibility, hydrogels emulate the extracellular matrix
of living tissues more effectively than any other synthetic biomaterials, rendering them
versatile in biomedical applications.

Of particular interest are stimuigsponsive hydrogels, capable of reacting to external
factors such as pH, light, heat, or magnetic fields. Among these stimuli, remote magnetic fields
stand out as an attractive means of actuation due to their simpligtgl, response, and safe
penetration in biological environments. Achieving magnetic actuation in polymer hydrogels
necessitates the incorporation of magnetic particles into the polymer network, resulting in
hybrid materials known as magnetic hydrogels.

This keynote lecture will comprehensively review the significant outcomes we have
attained in the field of magnetic hydrogels for biomedical applications over the past five years.
The emphasis will be on elucidating the intricate relationship betweenargbitecture and
mechanical properties, thereby influencing the biocompatibility and temporal stability of
magnetic hydrogels. The discussion will encompass diverse polymer materials, ranging from
chemically crosdinked hydrogels to those based on iomeeractions between polymers.
Additionally, we will delve into the impact of particle surface functionalization on the
performance of magnetic hydrogels.
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In sea environment the complex midpecific biological community of bacteria, algae,
fungi and ultimately higher organisms producing a biological phenomenon of accumulation
and development on an interface is called biofouling. Severe problems in particular for the
naval industry due to the deterioration of the surfaces, increased roughndesaleattcrease
of fuel consumption and, as a final result, increased material corrosion. The limitations
associated can be overcome by superhydrophobic surfaces (SHS) since in this type of surfaces
the combination of low surface energy and the existef@e specific surface morphology
(micro-nano roughness) coexist, lead to significantly less wettable surfaces with water contact
angle (CA) higher than 150° and a hysteresis lower thanréfedtion and friction reduction
in marine environment and under water applications play akey role witenactions with the
agueous environment are usually strongly to be avoided. As in the BEASTIE project
underwater robotsan efficiently benefit ofsuchhighly waterrepellent coatingsThe use of
smart materials inhe development of BEASTIE project asmed to improve different
behaviors, in particular the durability of the surface immersed in the environment and the
efficiency of motionMixed organieinorganic systems to provide sékaling properties have
been prepared and theigiag resistance has been evaluated as a function of the coating
features. Surface characterization andieltl electrochemical studies have been carried out to
test the performance in terms of fouling prevention and protection of netarslerwater
conditions.
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Millions of drug compounds are synthesized and tested every year. Followiitigpiand
in-vivo screening of these drugs, for toxicological and therapeutic efficacy, some are translated
into clinical trials. However, more than 17% of these drugs faihasp 3 clinical trials due to
safety. In order to improve and accelerate drug discovery and to better understand diseases
and identify important biomarkers , there is an urgent need for reliable and reproducible
methods that represent a true 3D orgarciBi@cut tissue slices (PCTS) system is afvio
3D tissue culture technique that closely resembles the organ from which it is prepared, with all
the cell types present in their original tissuatrix configuration where physiological and
organ functimality details are preserved. Thus, these slices; 1) resemble -theoin
environment, 2) are reproducible, 3) are low cost, 4) reduce the need for large number of
animals for disease models fitting into the 3Rs principle (Refinement, Reduction and
Replaement), and finally 5) they permit the testing in complex human systems.

Therefore, we have generated PCTSs from healthy and orthotopic lung cancer models
generated in mice and validated the ex vivo model with the equivalent in vivo model.
Comparison was performed using high throughput screening methods. Furthermore, in our
work we were able to culture various organ specific PCTSs for an extended amount of time (21
days), thereby offering a lorigrm model, closely mimicking the organ which they are derived
from. These were confirmed through PCR screening and histological ianafiythe tissue
slices. Culture conditions were further optimised following metabolomics studies. Given the
high-level retainment of tissue properties, we were able to use some patient derived intestinal
and ovarian cancer PCTSs to confirm the therapetfect different drug formulation. Patient
PCTS screening results showed the high potential of this technique as a tool for personalized
medicine.
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Temperature stands as a pivotal parameter in the realms of biology, medicine, and physics.
Over recent years, numerotechniques have emerged to measure nanoscale intracellular
temperature, with optical methods taking the lead due to thednwasive nature, spatial
accuracy, and capability to monitor reémhe local temperature changes. Despite their
advantages, the Irability of intracellular thermal readouts from optical methods remains a
topic of ongoing discussion. This presentation addresses this debate by spotlighting cell activity
as a significant bias mechanism, hindering the application of several nanothéensofoe
intranuclear and intracellular thermal measurements. This presentation delves into how
differences observed in calibration curves, obtained in the presence and absence of cell activity,
can offer insights into the existence of bias. The resutisletussion presented here serve as
a cautionary note to the community engaged in intracellular thermometry, urging authors to
approach the issue with mindfulness. Additionally, as a parallel methodology, exploring
extracellular temperature changes (wheedl activity variations are absent) may uncover
valuable, yet unexplored, insights into cellular processes and mechanisms. This presentation
aims to contribute to the collective awareness and understanding of intracellular thermometry
challenges and pabdities, fostering a conscious and informed approach within the scientific
community.

a Ideal thermometer b Biased thermometer
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Magnetotactic bacteria offer significant potential as theragnostic agents, owing to their inherent
magnetic compass, chemical environment specificity, and natural motility. These microorganisms
exhibit precise tracking, guided navigation to specific baglyians, and activation for therapeutic
responses, particularly in magnetic hyperthermia for cancer treatment [1]. In this investigation; we fine
tune the magnetic hyperthermia respons®ofmagneticum AMA by utilizing three distinct culture
medi a: MSGM 1 W, MSGM + W, and FSM [ 2]. Qur find
the growth of this species with fully developed chains gDkenagnetosomes, albeit with differing
magnetic responses. MSGM + W medium, traditionally employed for the growth of this species,
introduces 415% Co2+ ions i nt aaytbsogptiomspgctrasdogys o me s
and Xray magnetic circular dighism. This substantially alters their magnetic response, particat
low temperatures. Conversely, FSM emerges as a promising alternative for cultivating this species.
Bacteria cultured in this medium exhibit high uniaxial anisotropy, validated by magnetic simulations
based on a St oner 1 Wodlelvated heatihg efficiedce ih the hijddsragibri(* ng i n
40 mT) without the need for the standard MSGM + W. However, in thdi@a region (< 40 mT),
optimal heating results are achieved with bacteria grown in MS@MThese results underscore the
critical role of culture medium in controlling and fihening the magnetic response of MTB, offering
the potential to select the most suitable culture medium based on specific biomedical applications.
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Progress in nanotechnology, particularly in the nanoparticles research field, has allowed the
synthesis of nanostructures with precise morpl
manipulating their characteristics for precise application®risite studies have been carried out,
and protocols have been developed, aiming the
as composition, surface charge, shape, size, size distribution, and magnetic properties [1].

With the latest evolution and demands in nanomedicine, magnetic nanostructures (MNNS) are
attracting increasing attention due to their potential to improve conventional therapeutic procedures
and traditional clinical diagnostic, as well as to introduceehapproaches in biomedicine and
tissue engineering [2,3,4].

Among several MNNs that have been developed, the ones that exhibit fast change of the
magnetic state with the application of an external field, negligible remanence (magnetization at
zero field) and coercivity (the field required to bring the magnetizédiaero), are usually desired.
These features are essenti al in biomedicine,
dispersed in solution. Thus, this specific type of NS must combine high susceptibility and/or loss
of magnetization after removal thfe magnetic field, which make Superparamagnetic nanopatrticles
(SPNPs), vortex state nanodiscs, high aspatio nanowires (NWs), and ellipse/neetike
magnetic nanostructures very suitable in biomedical applications because of their unique magnetic
properties and spin configurations [5,6,7].

In this framework, Fe NWs and ellipse/neelike magnetite nanoparticles with different sizes
and shapes have been successfully fabricated through two different-optEpproaches, namely
electrodeposition into porous anodic alumina templates and hgdnoal synthesis, respectively.

Such magnetic nanostructures, after the appropriate surface functionalization, have found
applications in several areas in the fight against cancer disease owing to their exclusive capability
in magnetic targeting, magnetiesonance imaging, and hyperthermia [6,7].
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Magnetic iron oxide Nanoflowers (IONF) have been drawing much attention because of their
superior magnetic performance compared to singte magnetic nanoparticles.[1] Despite their large
sizes, these aggregates show almost zero remanences and nemsthyngacoercivities, while
preserving high saturation magnetization.[2] This seemingly effective superparamagnetic behavior has
motivated their use in biomedical and environmental applications since the net magnetization can be
controlled at will by an ebernal magnetic field so that the particle agglomeration is effectively reduced.
Some authors have attributed this phenomenology to the existence of some exchange coupling among
the cores, leading to a super ferromagnetic state of the whole aggregatevi8jd the effect of the
crystal texture on the nearly demagnetized remnant state of these systems is still unclear. This study
reports on how the local magnetic texture, originating from crystalline correlations among the cores,
governs the unique magieproperties of individual IONF in sizes ranging from 40 to 400 nm.[4]
Despite size variations, all samples exhibit consistent crystalline correlations extending beyond the
IONF cores. A nearly zero remnant magnetization, a persistently blocked statengretature
independent magnetization support the existence of a 3D magnetic texture throughout IONF. Magnetic
transmission Xay microscopy confirms nearly demagnetized states caused by magnetic texture
vorticity. Moreover, micromagnetic simulations shawrtexlike spin configurations with partial
topological protection, stabilized by inteore exchange coupling and demagnetizing fields at low
magnetic fields (see Fig. 1). Overall, this study provides valuable insights into the impact of crystalline
texture on the magnetic properties of IONF over a wide size range.

Figure 1 shows the effective superparamagnetic behiasM@NF caused by the near demagnetized
state driven by the high vorticity of the core moment texture at low magnetic fields.
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To date, many efforts have been made to optimize heating efficiency of magnetic
nanostructures in magnetic hyperthermia therapy (MHT) by changing their size, shape, and
chemical composition [1, 2]. In this regard, anisotropic one dimensiofa) (anostratures,
owing to their unique shagependent properties, have recently attracted widespread attention
in the MHT. In particular, magnetite nanoroddNRs) have becom®ne of the research
hotspotsas they notably exhibit higher heating efficiencies [3, 4].

In this study,a robust twestep method was employed for synthesizing MNRs, in which
first & A/ /NRswere synthesized by a hydrolysis method and then reduc&dito
NRs (Figure 1)Highly-stable and watesoluble magnetite nanorods were obtained thr@ugh
ligand exchange process using polyethyleneimine (PEIl). Thecé#déd MNRs were
investigated as hegenerating nanoagents in the MHT. The results show an enhanced specific
absorption rate (SAR) in the biologicalbafe magnetic field irradiation rangéhe results
suggest that the synthesized Bated MNRs have an excellent potential to be used as high
performance nanoagents in thermal treatmentded&dly diseasesuch as cancer and
atherosclerosis.

Figurel. HRTEM image of (@ & A/ /INRs and (b)2 A NRs
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Magnetotactic bacteria (MTB) are microorganisms with the ability to align and navigate along
geomagnetic field lines to reach optimal regions to grow. To respond optimally to an external magnetic
field, MTB biomineralize magnetic nanoparticles, called neagsomes, that organize forming a chain.
MTB features, such as sgifopulsion and their capability to grow and proliferate in hypoxic regions,
make them unique as bioagents for potential antitumor applications [1, 2].

The potential of MTB as nanorobots is fundamentally limited by their navigation control. [3]
Trying to shed light on this matter, we set up a #aeis Helmholtz coil system, which allows us to
define a precise 3D magnetic field with different ti@@ying configurations, such as lineal, circular,
conical, etc. In addition, we have developed software algorithms for the automatic detection and
tracking of MTB, applying imagsequencing techniques to the analysis of videos acquired by optical
microscopy. Wehave worked withMagnetospirillum gryphiswaldeng®SR-1) strain in different
biological media and under controlled flows to emulate blood flow. We are abktdot more than
18000 MTB trajectories under absence and presence of magnetic field. As an exalrigld, iwe
show the behaviour of MSR under a rotating magnetic field with a frequency of 0.2 Hz. Under this
magnetic field, bacteria describe elliptical trajectori€fg.(a). The overall behaviour of assemble is
revealed by analyzin@ig.1b) the population of bacteria navigating in given direction (witk80°).

The average velocity presents a double distribution and, as expected, MSeity is ndependent of
flow velocity and applied magnetic fie(&ig.1c).
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Figure 1: Swimming behaviour of MSR under a rotating magnetic field of 0.1 mT with a frequency
of 0.2 Hz,(a) Elliptical trajectorieqb) Bacteria population over time within an arc of 30° around a
given direction(c) Average velocity distribution.
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The kinetics of amyloid aggregation were studied by monitoring the variation of
polydispersity of the mixed dispersion of AbDb
were prepared from the phospholipid -tijdleoytsn-glicero-3-phoshocholine (DOPC)nd
were stabilised by -eairageertan. dhe pradtcedhonotduoased t i o n
and unloaded liposomes had a highly negative electrokinetic potential and remarkable stability
in phosphate buffer (pH 4 and 7.4). For the first time, the aappee and evolution of the
aggregation of ADb were presented by the vari
size distribution of the particles in the dispersion.

The kinetic experiments indicated the appearance of the first aggregates almost 30 min
after mixing the liposomes and peptide solution. It was registered that in the presence of
unloaded liposomes, the size of 90% of the particles in the dispersion (28€g5ed, while
the addition of homotauriA@aded liposomes almost did not influence the size of the fractions
D50 and D90 during the kinetic experiment.

Despite the specifibioactivity of homotaurine in the presence of cell membranes, the
present study reports the participation of additionabimdiy effects of the comgund on the
amyl oid aggregation as a result of charge ef
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Bioinspired micrecompartments are synthetic capsules made from inanimate components
designed to mimic some of the functionalities of living cells. Some examples include
liposomes, polymersomes, proteinosomes, colloidosomes, and emulsion or coacervate
dropets. Compartmentalisation of biomolecules within these compartments recreates the
cellular environment, which enables their use as synthetic cells, for example [1]. From a more
applied side, they could be used in a myriad of applications such as patletanip, micre
robot or micrereactor technologies or incorporated within actuators andriabchip devices.

From a life science point of view they could be used in clinical diagnosis, drug delivery,
complex bioassays, enzyme catalysis, etc.

Inspired by the ability of living cells to harness energy from the environment and to exploit
it to support metabolic functions, we aim to provide bioinspired compartments with
mechanisms for energy transduction [2]. In particular, the research of ouistéacused on
making bioinspired compartments sensitive to external force fields, such as electromagnetic
fields. External force fields would offer advantages such as contactless spatiotemporal control
of the compartments, as well as switchability ancrsibility. Our approach is based on the
incorporation of fieldresponsive nanoparticles within the compartment architecture, which
also increase the compartment robustness, something very desirable for some of the
applications named above.

Here | will present the latest progress of our team in the design and construction-of field
responsive bioinspired compartments. In particular, | will show our latest advances on two
types of emulsion droplets, namely Pickering emulsion droplets and toiplhaglets based on
liquid-liquid phase separation. | will demonstrate that we can control the positioning within the
compartment structure of nanoparticles of different composition (magnetite, gold, silica,
carbon, etc.). The obtained miecompartmentgan respond to external force fields, and are
capable of higheorder functions as a result. Some of these include formation of patterns, field
induced heating of the external environment, motion and rotation, etc. | will finally show that
the droplets cabe used in enzyme catalysis orioumobilised together with living cells in
seltreconfigurable hydrogels showing compartrmegit communication.
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Carbon dots (CDs) are carbbased zer@limensional nanomaterials that can be prepared from

a different organic precursors. In our laboratory we used different precursor to synthesize CDs
like cherry seed ,milk and ascorbic acid. Piecursor based CDhews the presence of
nitrogenbased bond like ®l, C=N and-NH2 aswell as C=0 and &1 which are found on

each types of CDs [1]. The absorption spectra of these CDs are in the range of 280 + 3 nm. We
utilized these CDS for detection of ¥ein aqueous systems and these CDs detect
concentrations up to 0.49 ppm and can be used as metal sensor based on precursor .Some of
these CDs have different amount of functional group are useful for toxicity studies [2, 3].

The Presto Blue method was used to measure the toxicity of CDs for murine hippocampal
cells. CDs at a concentration of 4 mg/mL were hazardous independent of synthesis time, while
the toxicity was higher for lower synthesis times of 1 and 2 h. When theemivation is
reduced in 1 and 2 h synthesized CDs, the cytotoxic effect also decreases significantly, ensuring
a survival rate of 6@0%. However, when the synthesis time of CDs is increased, the cytotoxic
effect decreases to a lesser extent. The CDsthéthighest synthesis time of 8 h do not show
a cytotoxic effect above 60%. The cytotoxicity study shows that CDs may have a concentration
and timedependent cytotoxic effect, reducing the number of viable cells by 40% [4].
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It has been shown that diseases caused by nosocomial pathogens, especially those that
have developed resistance, are growing at an alarming rate.[1]

These pathogens can survive for long periods of time ofiviag surfaces. Within all
pathogens, survival times from days to months have been reportedpG@séive bacteria such
as Enterococcus spp., Staphylococcus aureus (including MRSA) anehggaie bacteria
such as Escherichia coli or Pseudomonas aeruginosa, can survive for months on dry surfaces.

However, herpes viruses such as CMV or HSV type 1 and 2, have shown resistance from a few
hours to a week. [2]

This work is based on the modification of inanimate surfaces by the deposition of bio
inspired, noroxic polymers that maintain the physical properties of the original materials.
Polymers derived from catechol and polyamines have been successfullyeteposiellulose,

cotton and polypropylene surfaces, and exhibit high adhesion capacity and bactericidal
properties.

The amino groups present in the polymer structure are easily modified, in the presence of
sodium hypochlorite, to obtain -Bhloramines. These chloramines have a much higher

bactericidal activity than the original polymer, destroying 100% of pathogenseixtramely
short time.
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Schematic representation of Ultfaast Bacterial Killing using a MChloramine
derivative polymer.
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The design and construction of hybrid living/nonliving systems with communication
between their constituent parts holds a great interest in biomedicine and biotechnology [1]. In particular,
immobilization of synthetic and living cells in 3D hydrogels would enable modular assembly of soft
materials with tunable architecture and functionalities [2]. In this sense, integration of multistimuli
responsive micr@ompartments as synthetic cells is especiallpéiire in order to exert remote control
over interactions with their living counterparts.

In this work, we use ciln-water magnetic Pickering emulsion droplets (MPED) asinsfired
micro-compartments. These are emulsion droplets stabilized by magnetite nanoparticles that confer
magnetic sensitivity and thermal response under laser ir@dittithe droplets. Magnetic sensitivity
allows us to arrange MPED according to-pet and sophisticated patterns by using magnetic stamps
[3]. For MPED immobilization, hydrogel precursors of agarose and sodium alginate are employed. Low
gelling temperatte agarose hydrogels enable temperati@gendent selfeconfigurability of the
microarchitecture, which can be achieved by laser irradiation. On the contrary, alginate hydrogels can
resist MPED heating produced by laser irradiation.

To study communication between MPED and living organisms, MPED and yeast ¥zeoiega
lipolytica are integrated within sodium alginate hydrog&latrowia lipolyticareleases lipases which
in turn act on tributyrin producing butyric acid, a nutrient for yeast population. Based on this, tributyrin
containing MPED were prepared and mixed with alginate solution, kanamycin antibiotic, and yeast
inoculum. The mixture was ated onto the magnetic stamps and gelation was triggered by adding
calcium chloride. Ater threeday incubation at 25°C, we observe théarrowia lipolytica
concentrations in tributyriaontaining MPED hydrogels outhumber concentrations found in dodecane
containing MPED samples (control experiment). Furthermore, we demonstrate that laser irradiation on
the heterogeneous hydrogel samples induces heating up°@ which affects yeast population
concentrations, reducing or even annihilatiferowia lipolytica These are unprecedented results of
communication between collegtabilized artifital cells and a fungi species. In addition, the achieved
functionalities of these heterogeneous hydrogels would allow conttioé gfeast metabolic profile or
proliferation rate in a predefined and customized manner, crucially important aspects in biological
applications.
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The field of Biomagnetism encompasses a broad range of topics in magnetism associated to life
elements [1]. This involves the mechanism employed by various living organisms for navigation based
on the Earthés magnetic f iiee(MTB) [8].uDedpite the numdiosls ma g n €
advances and promising scenarios that biomagnetic materials disclose, challenges persist on multiple
fronts including the characterization of individual elements. It's worth noting that the majority of
prevailing technigas for characterizing magnetic biomaterials tend to provide an averaged collective
behaviour rather than insights into the individual features. The advent of the scanning probe microscopy
(SPM) leads to new opportunity for the exploration of differentodeproperties of biomagnetic
materials such as structural, mechanical, chemical, electrical, magnetic or functional properties at the
nanoscale.

This study makes use of advanced modes of Magnetic Force Microscopy (MFM) and tailored
MFM probes to characterize individual magnetotactic bacteria, both in liquid environments [3] and
under ambient conditions. The characterization of these elementsgeggiificant challenge due to
the magnetosomes' low signal and the relatively large size of the bacteria. To address this, customized
AFM probes were developed through various strategies [4], enhancing sensitivity in both air and liquid
environments. Thes specialized probes were instrumental in conducting MFM measurements on
magnetotactic bacteria in a liquid setting. Furthermore, employing MFM imaging unders&n
magnetic field provides an opportunity to gather quantitative data regarding the critical fields of these
individual chains of nanopatrticles, as depicted in the following figure. This approach marks a substantial
advancement in the field of MFM for biolimgl applications, enabling the detection of magnetosomes
under different conditions.

Topography (a) and MFM images of an individual magnetotactic bacteria after applying (b)
negative and (c) positive saturating magnetic fields.
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Barcoding and pooling cells for processing as a composite sample is critical to minimize
technical variability for multiplex technologies. Fluorescent dedircoding has been
established as standard method for multiplexing in flow cytometry analysis. In parallel, mass
tag barcoding is routinely used to label cells for mass cytometry, a cutting edge multi
parametric singleell platform that allows the deteacti of nearly 60 markers per single cell.
Mass cytometry comprises conventional flow cytometry and inductively coupled plasma time
of-flight mass spectrometry (IGMS). Mass cytometry uses metabged reagents, such as
metal chelating polymers instead bfdrescerdabelled reagents.

Barcoding of samples allows controlling variability between samples and fluctuations in
machine sensitivity. Barcode reagents in current use label intracellular proteins in fixed,
permeabilized cells and therefore are not suitable for studies with ligencleingterm culture
prior to analysis. We have developed fluorescent nietséd hybridag nanotrackers to
barcode live cells for flow and mass cytometry emaldal readout for diagnostic proposed.

We have carried out the preparation, physicochersttatacterization, analysis of efficiency

of cell internalization and durability of these nanotrackers in live cells cultured over time. In
addition, we have demonstrated their compatibility with standardized cytometry reagents and
protocols. Finally, we hee validated these nanotrackers for drug response assays during a long
term coculture experiment with two barcoded cell lines. This method represents a new and
widely applicable advance for fluorescent and mtagsbarcoding that is independent of
proteinexpression levels and can be used to label cells before long term drug studies.
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The high metabolic and proliferation rates of cancer cells lead to an overproduction of reactive
oxygen species (ROS) compared to normal cells. Dysregulation of redox homeostasis triggers
pathological processes such as cancer progression, but also cambenscells susceptible to external
stimuli that further increase ROS beyond the viable threshold inducing cell death. Therefore, some anti
cancer therapeutic approaches have been focused on modulating the ROS levels in cancer cells to
achieve cell deatfi]. In this context, iron oxide nanoparticles (IONPs) are potential tools to act as
pharmacological agents with redox modulating capacity, as their iron core is able to convert hydrogen
peroxide into a more active hydroxyl radical by reacting with irers ithrough the soalled Fenton
reaction [2].

Therefore, the aim of this study is to investigate the intrinsic potential of D&tBfed IONPs to
induce oxidative stress in cancer cells and to elucidate the biological adaptations or changes after ROS
induction. After oxidative stress induction, cancells reprogrammed their mitochondrial metabolism
to a less energetic state. The functionality of oxidative phosphorylation (OXPHOS) was shut down,
which correlated with a decrease in ROS production by the electron transport chain (ETC). This
metabolic reppgramming affected the ability of cancer cells to proliferate, as treated cells were shown
to proliferate more slowly than nd@NP-treated cells. Furthermore, mitochondria are highly dynamic
organelles that adapt to metabolic and oxidative stress bsgtiagjuheir ultrastructure. Therefore, we
wondered whether the ultrastructure and disposition of mitochondria would also change. Mitochondria
did not show any affectation on their ultrastructure, but treatment with Dba#ed IONPs induced
a change on nothondria disposition in cells. Mitochondria in treated cells adopted an elongated and
interconnected disposition after oxidative stress, compared to the spherical and individual disposition
of nonttreated cells, thus affecting the mitochondrial dynamiosgss [3]. Recent data have suggested
a link between mitochondrial fission/fusion imbalance and cancer cell migration. Therefore, we
wondered if affecting mitochondrial dynamics could affect cancer cell migration. Ddéd&#ed IONPs
were shown to affect caer cell migration as treated cells migrated at a slower rate compared to non
treated cells.

Taken together, these results highlight that DM®ated IONPs could be a useful acdincer
tool, as the strong induction of ROS in cancer cells can alter their antioxidant capacity and limit their
mitochondrial respiratory metabolism, thereby affectimgrhitochondrial disposition. These metabolic
changes have an ultimate lotegm effect on the cancer cells, potentially inducing a less proliferative
profile and affecting cell migration in highly metastatic cancers.
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In the last decades, extensive efforts have been made to prevent, diagnose, and treat cancer.
As a noninvasive approach, radioimaging allows characterization and quantification of
biological processes in early cancer diagnosis, specific drug deliveryfodad-up of
therapeutic response. Due to unique properties that combine low cost, low absorbed dose per
patient, a good coordination chemistry and a shortlifalfime (ca. 6 h), °*™Tc is the most
used radionuclide for nuclear imaging [Divarian cancer is a silent and highly lethal disease,
with only 15% of cases being diagnosed at early stages, in which early detection increases the
5-year survival rate by about 90%. Hereie demonstrated that PURE dendrimers have
surface groups that behave pseudochelators suitable for a stable coordinationfaxd-
[®°™Tc(COYX]*. Therefore, we prepared a novel class of stable and highly hydrophilic
radiolabelled dendrimers?®™Tc-PUREs4 and folate targeted®®™Tc-PUREss-FA2 in
guantitative radiochemitayield, starting from the corresponding dendrimers [2]. These
encouraging results justify future studies with the therapeutic count&fiRetto profit from
the matched paf®™Tc/A%Re within theranostic approaches. Also, the drug loading capacity of
PUREzs foresees other therapeutic schemes that may have a great impact in future
nanoradiotheranostics.

Figure 1. Coordination comple®®™Tc-PUREs+-FA,. The surface of PURE-FA; dendrimer (blue
colour) is conjugated with folic acid (orange colour) &#@c.
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Curcumin (CUR) is well known for its several pharmacological properties including anti
inflammatory, antimicrobial, anticancer and antioxidant actiVitiethe poor solubility in aqueous
medium makes it difficult to formulate this active in a patiemmpliant vehicl&. Recently,
nanostructured drug delivery systems have been proposed in the treatment of dermatological diseases
for their ability to increase the solubility, stability and bioavailability of the therapeutic agent, associated
with targeted administration witonsequent reduction in the dose and frequency of administration and
improvement in the safety profilén this work, we have developed nanomicellar formulations based
on binary mixture of surfactants able to solubilize CUR in a hydrophilic environment.
Different surfactants were investigated based on their ability to form stable nanomicelles, finally
selecting Vitamin ETPGS (TPGS) and Kolliphor ELP (ELP). A pi@mulative study and a design of
experiment (DOE) were settled to evaluate the effect ofati@s of the two surfactants on both drug
solubilisation and A375 melanoma cells viability. The quantitative determination of solubilized CUR
in nanomicelles was carried out by HPLC analysis and the average hydrodynamic diameter (Dh) and
polydispersity ndex (PDI) of the formulations were determined by Dynamic Light Scattering (DLS)
technique. The DO#Eelected nanomicellar formulation (TPGS60ELP30) was characterized by both
ATR-FTIR and DSC, and its stability was monitored over time at 4°C and at roqueri&mre, both in
dark conditions and after exposure to light. Moreover, the cytotoxicity of-GuRaining nanomicelles
was evaluated on melanoma cell lines overtime and acquiring images with Operetta Gténkagih
imaging device. Finally, a penetratistudy of CUR through porcine ear skin as a model of human skin
after cutaneous application of TPGS60ELP30 formulated in a thermosensitive gel was performed.
Confocal microscopy was applied to investigate CUR penetration profildofPnelation and DoE
studies allowed the evaluation of the influence of the two surfactants used on two dependent variables
and the identification of optimal conditions for the desired response. The results highlighted the crucial
role of TPGS compared to ELP in inducing cadhth in melanoma cells. The solubilisation of CUR
appeared to be a function of the total amount of surfactants in the system: the higher the concentration
of surfactants, the greater the solubilisation of CUR. Based on DoE results, a nanomicellar tormulati
was then designed containing the appropriate amount of surfactants and an optimal TPGS:ELP molar
ratio. The ATRFTIR analysis showed that the 151630 cm! bands due to C=0 and C=C stretching
of CUR are still present in the spectrum of TPGS60ELP30, while they are not observable in empty
nanomicelles, confirming the encapsulation of CUR inside the lipophilic core of nanomicelles. The
results of cytotoxicity widies showed a remarkable tidependent activity of the formulation in
inducing cell death, with a value of cell viability at 7 and 14 hours of 50.56 + 1.73 and 36.05 + 2.28 %

respectively, both statistical]l y(testpd0.600)eTimgn, f r om

the good stability of TPGS60ELP30 was demonstrated both in terms of size and solubilized CUR, in
the dark at both room temperature an€.4¥inally, confocal microscopy showed that the
thermosensitive gel containing TPGS60ELP30 produced effective CUR concentrations at the
target site in the skin following topical application, thus representing a potential drug delivery
system for skin cancdéreatment.
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One of the primary challenges in cancer therapy is the lack of specificity of conventional
chemotherapy. Biomimetic magnetoliposomes serve as excellent chemotherapeutic delivery
systems, hyperthermia agents, and active targeting agents by functionakzirsyitface with
monoclonal antibodieg1,2]. LGR5 receptor l(eucinerich repeatcontaining Gprotein
coupled receptor Bs a membrane receptor that stands out as a biomarker of colorectal cancer
(CRC) and appears to be related to drug resistance and the appearance of nj8{adtasis
aim of this study was to evaluate the efficacy and safety of biomimetic magnetoliposomes
targeting LGR5 receptor loaded with oxaliplatin (OXA) eftdorouracil (5FU) in the targeted
therapy of CRC. Then vitro antitumor activity of OXA or 5FU-loaded magnetoliposomes
(with and without LGR5 functionalization) was tested on several human and murine colon
cancer cell lines after synthesis and characterization of magnetoliposomes. Additionally, cell
internalization was studied using Prussian Blue staining, flow cytometry, and fluorescence
microscopy with the fluorophore DIO (3@ioctadecyloacarbocyanine perchlorate)
vehiculated in the nanoformulations. Furthermore, an acute toxicity test was periionned
to evaluate toxicity related to iron. The results showed that nanoformulations loaded with OXA
and 5FU functionalized with the antiGR5 antibody showed higher cellular uptake than the
nonttargeted nanoformulation. The percentage of proliferation imccdmcer cell lines was
reduced up to 3:Bld of the 1Go value compared to that of the free drug. More evident
differences were foundfter short exposure times (4 and 8 hours) between the targeted and
norttargeted nanoformulations. Furthermore, assays conducted on MC38 cells with decreased
LGR5 expression through cellular transduction (ME€39) demonstrated a decrease in the
internalzation of LGR5targeted magnetoliposomes compared to thetrassduced MC38
cell line. Magnetoliposomes demonstrated excellent iron biocompatibility idatavo. In
conclusion, drugoaded magnetoliposomes functionalized with-@R5 antibodies coulde
a promising treatment strategy for targeting LGR5+ cells in CRC.
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Metastasis is the process by which cancer cells spread from the primary site of origin to
other parts of the body, forming secondary tumors. This complex and often aggressive
progression is a major challenge in cancer management, contributing signifiarniig
severity and mortality of the disease. Muitalled carbon nanotubes (MWCNTS) exhibit
biomimetic interference with cytoskeletal nanofilaments upon entering tissues and cells,
conferring intrinsic antitumoral effects similar to microtubblading diemotherapies like
Taxol® [1i5]. This study investigated the potential of oxidized MWCNTSs in selectively
targeting vascular endothelial growth factor receptors (VEGFR). The main aim is to assess
their efficacy in inhibiting metastatic growth by inducing gmiliferative, antimigratory,and
cytotoxic effects on both cancer and tumor microenvironment cells. Our findings revealed a
remarkable reduction of over 80% in malignant melanoma lung metastases after intravenous
administration of the targeted biodagable MWCNTSs. Moreover, the combination of these
nanomaterials with the conventional chemotherapy agent Taxol® resulted in a remarkable 90%
increase in the antimetastatic effect [6]. The integrated therapeutic approach shows promising
potential in combatig metastatic disease, as highlighted by these findings. With nearly 60,000
deaths attributed to metastasis annually, the significance of these results becomes even more
pronounced.

THERAPY

i

Ox-MWCNTs-VEGFRbp

“ ng ? rr

LUNG METASTASIS

Acknowledgments INHIBITION
We thank ISCIII Projects reR122/00030, P123/00261 dounded by ERDF/ ESF,
your futureo, and t h-BORZBMN@IARERBRZN101073025
References
[1]L. RodriguezFernandez, et al. ACS Nano. 6 (2012) G6&BR5.
[2] L. GarciaHevia, et al. Nanomedicine. 9 (2014) 158%88.
[3]L. GarciaHevia, et al. Curr Pharm Des. 21 (2015) 1i949p9.
[4]L. GarciaHevia, R. et al. Curr Pharm Des. 21 (2015).
[5]L. GarciaHevia, M.L. Fanarraga, J Nanobiotechnology. 18 (202Q)L1
[6] L. GarciaHevia, et alBioactive Materials (2024).

XxXEEMZNAW] | ¢ 0¢T ¢ ApNEdK RIAA 1NN WALIEC DEONT Y


mailto:garciahevial@unican.es

NALS®2024

Nanomaterials Applied to Life Sciences

(018 Synthetic Magnetosomes for Dual Therapeutic Approach:
Chemotherapy and Magnetic Hyperthermia

A.C. Moreno Maldonad®, M.R. Ibarrd?, M.C. Jiméned.6peZ, 1.J. Molin&, G.F.
Goyah?"

! Departamentale Fisica de la Materia Condensada, Universidad de Zaragoza, Spain
2nstitute of Nanoscience and Materials of Aragon (INMA), GSNIZAR, Zaragoza,
Spain
3 Center for Biomedical Research, University of Granada, Granada, Spain.

e-mail of presenting authprgoya@unizar.es

This presentation discusses the development of a new type of synthetic magnetosomes
(SMS) designed to combine chemotherapy and magnetic fluid hyperthermia (MFH), and its
application to PANO2 cells as a weltablished mouse pancreatic ductal adenocareinom
model. The SMS is a magneticaligsponsive, lipiecbased nanosystems containing the
chemotherapeutic agent cisPt. W e EEEE ovs R
describe the synthesis and characterizat ; D
of these magnetosomes, as well as th| ~
remarkable Specific Loss Power (SLP) fi =
heating anddrug loading capacity. We
found that the d6dem
cisPt contents) have low cytotoxicity
while cisPtloaded MSM increase the dru
transport to PANO02 cells. Electrol
microscopy images showed that the SN
are formed by the constituent mago
nanoparticles (MNPs) coated by a layer
lipids that, with the natural dipola :
interactions of singlelomain  MNPs, 4
resulted in the formation of curvilinear an L

spiral structures that closely resemkFigure 1. ELF)’ mapping in the (f,Ho) Elane O1|‘or A)as prepareg
MNPs and B) SMS. TEM images showed SMS compose
those produced by magnetOtaCtby curvilinear chains of d 280 nm size MNPs (C-F). Panel G

baCteria[-l] The heatir_‘g Capabi“ties Of_th'compares the SLP values from MNPs and SMS in gelatin
SMS showed different  behaviouand in PANO2 cells.

compared to MNPs in gelatiiked samples, but a significant increase in the SLP for MNPs
when moving toin vitro conditions resulted in a similar value of SUIB00 W/g Q

X @ ®OF0 ¢ aFA). Interestingly, while SMS internalized by PANO2 cells maintained
similar SLP values as in gelatin, MNPs exhibited a fourfold increase in SLP upon incorporation
into the cells. The SMS showed synergistic results regarding the simultaime®itso
application of MFH and chemotherapy from a single dose. Comparative analyses revealed the
superior efficiency of SMS over individual doses of cisPt or MFH alone, surpassing even the
cumulative effects of both treatments. We discuss the implicationslo$gnergstic outcome.
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As the demand for magnetic nanoparticles in developing biomedical and environmental
applications is exponentially growing, the need to transfer laboratory knowledge into large
scale production schemes is getting more intense. At the same time, promdkindotogies
which secure minimum involvement of toxic reagentsplgducts and energy are in line with
recent guidelines for sustainable development. An interesting alternative for the production of
uniform iron oxide nanoparticles following a green rastthe oxidative hydrolysis of E&in
aqueous media through the intermediate formation of green rust [1]. This work refers to the
operation of a smalized automated system for the fast production eDFeanoparticles
based on the adoption of continuous oxidative precipitation of green rust indopiugactor
placed inside a microwave heater. The setup was capable to providiefiredd nanoparticles
within less than 5 min enabling also the diresttarge of reaction residuals at the end of the
process using an attached linear magnetic separator and combined washing streams.

MAGNET-ASSISTED WASHING
90°C NPs

RELEASE
] REVERSE WASH

WATER /

CAPTURE
FORWARD WASH

WASTE

<—Q— EF: ——1 > STREAM
GREEN X
RUST i WATER
MICROWAVE PLUG-FLOW REACTOR

Figure 1.Continuous flow synthesis and washing af@zenanoparticles through green
rust precipitation using a plufow microwave heated reactor.
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Protein cages are promising tools for the controlled delivery of therapeutics and imaging
agents when endowed with programmable disassembly strategies. Here, we produced hybrid
nanocomposites made of tobagoosaic virus (TMV) and magnetic iron oxide naadjcles
(IONPs), designed to disrupt the viral protein cages using a magnetically induced release of
heat. We studied the effects of magnetic hyperthermia on the programmable viral protein
capsid disassembly using dlpngatechanocomposites of TMV coatédubterogeneously with
magnetic iron oxide nanoparticles (TMV@IONPs), and 2) spherical nanocomposites of
polystyrene (PS) on which we deposited-pyathesized IONPs and TMWMa layerby-layer
selfassembly (PS@IONPs/TMV). Notably, we found that the extent of the disassembly of the
protein cages is contingent upon the specific absorption rate (SAR) of the magnetic
nanoparticles, that is, the heating efficiency, and the relatis#iqn of the protein cage within
the nanocomposite concerning the heating@surThis implies that the spatial arrangement
of components within the hybrid nanostructure has a significant impact on the disassembly
process. Understanding and optimizing this relationship will contribute to the critical
spatiotemporal contrdor targeted drug and gene delivery using protein cages.

Protein Aromatic
Backbone Protein Rings

d Absorbance
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Zero-order and firstorder derivative UV/vis (corrected) spectrum of the PS@IONPs/TMV
after the heat release, with a local maximum at 226 nm (shadowed in blue and associated to
the protein backbone) and shoulders at 247 and 250 nm (shadowed in greesauidted to

nuclei acids) and at 265, 272 and 275 nm (shadowed in pink and associated to aminoacids).
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Knowledge of the properties of the materials that are the subject of our research is the key to
ensuring that the results observed can be correctly interpreted and add value to them.

Nanoparticle size and concentration characterisation techniques such as DLS, NTA;
fractionation techniques such as FFF or GPC/SEC or interaction measurement techniques such
as ITC or DSC are some of the tools we can use in our laboratories to obtaicdbsang
information.

In this talk we willreview all these analytical techniques, their development and range of
application.

Omnisec Resolve NanoSight NS300 Malvern Zetasizer Nano ZS
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Althoughsignificant progress has been made in the developmeancér nanomedicine
co-formulated with drugsthe challenges of generating a nanosystem which allows therapeutics
to efficiently and selectively reach tumoral areas remain to be overfcome. project aims to
devel op an unprecedented O6track and treato N
antigenspecific targeting and controlled therapeutic agent delivery capabilities to treat B cell
lymphoma. Specifically, the ligktontrolled thermosensitive polymédunctionalised
gold(Au)}based nanodevices we present were designed to (1) track and tag tumours by
recognition of a target antigen using the mimics of the sidlgéén variable fragment (scFv)
present on the chimeric antigen reled CAR) T-cells, and to (2) release therapeutic agents
in situ via NIR-controlled photothermal therapy (PTT). The first Nanobots have been
successfully synthesized and characterized, and we assessed their selectivity towards target
cancer cellsss. healthy cells, as well as their drug release and PTT capabilities upon NIR
irradiation. The internalisation of the Nanobots and the combined effect of the release of an
anticancer drug and PTT in the target cells were assessed in detail by viabilég,stadocal
fluorescence microscopy and CyTOF mass cytometry. Overall, this study advances drug
delivery approaches toward clinical applicability and opens a promising avenue to design
reasonable efficient NHactivated nanomedicines.
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Overview of the rational design of Nanobots for multimodal cancer therapy.
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Theragnostic nanoparticles are multifunctional nanosystems that combine diagnostic and
therapeutic capabilities into one single agent [1]. Although numerous types of theragnostic
nanoparticles, both organic and inorganic, have been developed in thectad f@ treating cancer,
there is still a big gap between fundamental and applied research. In this regard, hB@ABI
nanocomposites have been drawing much attention due to their superior performance in both computed
tomography and photothermal thpy [2, 3].In this work, we synthesized three;8& NR samples,
each with a different Width to Length ratio (W;ltwo of them with similar volumes using a previously
reported method [4]. We found that the general shape and bandgap is independent esahéipim
concentration through UVis absorption spectra, and that they follow LamiBest er 6 s | aw.
Additionally, the bandgap fof each sample was calculated, where no correlation to their volume was
found. However, the results hint at a decreaseyith&t is related to their W:L ratio, perhaps more
closely related to the width W of the NR rather than its lehgthso, in a separate step, these samples
were functionalized with Au at various temperatures, Bi:Au ratios, and reaction time. The separate
functionalization at room temperature for a reaction time of 30 min reproduced previous results that
required 126C in a onestep synthesis with B NRs. TheseBi.Ss@Au nanocompositebad an
increased NIR absorption compared to their-horctionalized counterparts. Finally, the anisotropic
hybrid Bi»Ss@Au hanocomposites were transferred from an organic solvevdtay by the grafting of
PEGthiolate ligands onto the nanocomposite surface. THregsared samples show good stability in
water and in phosphate buffer solution. The fin
photothermal efficiency.
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Figure 1: left) Normalized optical absorpti@pectra of BiSs Nanorods with various morphologies. Right) table
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The stability of cargo delivery systems based on polymer vesicles while navigating in
complex biological media is certainly a key prerequisite nevertheless, the permeability and
responsiveness of the polymeric membranes are equally relevant and surely theire
efficacy. Taking into account this consideration, we herein correlate the structural features,
permeability and responsiveness behavior of doxorutneided (DOXloaded) nonresponsive
and stimuliresponsive polymersomes with thigivitro andin vivo antitumor performancé:?!
Polymer vesicles were produced using amphiphilic block copolymers containing a hydrophilic
poly[N-(2-hydroxypropyl)methacrylamide] (PHPMA) segment linked to psH4-
isopropylphenylacetamide)ethyl methacrylate] (PPPhA, a nonresponsive block), - poly[4
(4,4,5,5tetramethyt1,3,2dioxaborolar2-yl)benzyl methacrylate] (PbAPE, a reactive
oxygen speciegesponsive block) or polyfdiisopropylamino)ethyl methacrylatePDPA, a
pH-responsive block). The PDPBased polymersome®uohonstrated outstanding biological
performance with antitumor activity notably enhanced compared to the counterparts (Figure
1). We attribute this behavior to a fast triggered DOX release at acidic tumor environments as
induced by polymersome disassembigce pKarpra) = 6.8™ Possibly, insufficient ROS
concentration in the selected tummiodel restrict or at least attenuate the rate of ROS
responsive vesicle degradation, whereas the impermeable and nonresponsive nature of the
PPPhA block remarkably impact the performance of such potential nanomedicines.

. X 100
% 25 g
S s E=g— — Saline
g7 E — Free DOX
215 S oo — PHPMA,5-b-NR5
Z 10 o — PHPMA ,4-b-pHo,
g g
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= S
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T T 1 1
AO A4 Ag 12 16 20 0 10 20 30 40
Treatment (Days) Treatment (Days)

Figure 1. Tumowolume in cm? (left) and Kaplaveier survival plot (right) as a function of time for
mice treated with different formulations at 5 mg-EgDX or equivalent according to the legend.
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The slow progress in thiberapeutic effectiveness of treating severe diseases has pointed
to a growing need for a multidisciplinary approach to designing smart materials interacting
with biological systems. Delivering drugs safely and efficiently to prevent and treat diseases or
assist the body in healing can be achieved by designing materials whose properties can be
significantly modified in response to changing conditions in their surroundings. The response
of these materials can be modulated via exposure to stimuli such s& $tmperature,
moisture, pH, and electric magnetic fields [1].

Recent studies in our lab have demonstrated that the gelation properties of gelatin and the
strong dependence on ionization with pH make this protein an exciting candidate to be used
for the effective delivery of active biomacromolecules. By using thidegjy, three levels of
active targeting have been achieved: i) delivering the drug to specific organelles of the target
cells through the endosomal scape approach, ii) distinguishing between different cells (tumoral
and nortumoral cell lines) via the RGIntegrin recognition, and iii) promoting the selective
delivery of the drug in the surroundings of a chronic wourg][2

This project explores the physicochemical and biological characterization of new-gelatin
based nanoparticlesln vitro experiments have been performed to establish their
biocompatibility, proliferative properties, and selective cytotoxicity upon incubation on
selected cell lines in search of potential therapeutical applications.
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Immunotherapies, including checkpoint inhibitors, are designed to amplify the immune response
against cancer cells. Concurrently, there is a concerted effort to unravel the intricate interplay between
cancer cells and the immune system. The overarchiegt® is the development of targeted therapies
capable of reinforcing the body's innate defenses. However, the effectiveness of immunotherapies
exhibits considerable variability, contingent upon factors such as the specific pathology, stage of the
diseaseand, notably, patient variability. This inherent variability in the response to immunotherapeutic
interventions impacts their overall efficacy. Consequently, a rapid and accurate assessment of the
applied immunotherapy's effects becomes imperative iinicieins. Such timely evaluations facilitate
informed decisiormaking, enabling adjustments in therapy protocols, potentially including the
optimization of the current treatment or transitioning to a more suitable alternative. Accordingly, we
decided to deign a highly sensitive nanoprobe that can evaluate the immunotherapy response based on
the detection of Granzyme B (Gi) which is a seritprotease secreted by immune cells to activate
death pathways in cancer céllsThe system comprises a gold nanoparticle functionalized with a
selective peptide substrate sensitive to-8rend conjugated with an encrypted cholesterol molecule.

All this hybrid-peptide system has been colloidally stabilized by a PEG molecule wdten@us. The

system is able to aulate before reaching tumoral surroundings where-Biwsecreted by immune

cells. GnzB cleaves the peptide and liberates the stabilizing PEG molecule, leaving the hydrophobic
cholesterol molecule exposed, resulting in the precipitation of the golgadictes. This precipitation

allows a selective accumulation of gold nanoprobe in the tumoral mass only when the immunotherapy
is working for the patient in a very short period. The nanoprobe will be detected by Computed
Tomography, an implemented imagechnique in clinics facilitating this smart nanoprobe to a
translational application. To optimize the nanoprobe, differentBspecific peptide substrates, PEG
molecule sizes, and sizes of gold nanoparticles were tested. Experiments in vitro werengnbigrgo
exposing the probe to Ga&hin presence of different tumoral cell lines. Precipitation was observed and
confirmed by Dynamic Light Scattering, absorbance spectroscopy, and Computed Tomography Scan.
In conclusion, the nanoprobe proved to be a seamsifast, and noimvasive tool to detect GFR
presence granting the decisiorakers the ability to adjust the dosage of immunotherapy, guaranteeing
better survival rates and fewer immuretated adverse events.
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Pathogens are responsible for severe food reiatedications. Conventional microbiological
methods include tissue culture plate, plate count enumeration method or polymerase chain reaction.
However, these require several days, skilled staff and centralized facilities. Rapid detection methods
are requied to meet the safety requirements for clinical and food related applications.

In this work, we have synthesized nanomaterials for the development of electrochemical
biosensors for bacteria detection. We have chosen E. coli 157:H7 as a model system. This is a Shiga
toxin producer strain, that could lead to severe gastrointestiratldis or acute kidney failure. The
intoxication occurs by consumption of contaminated food.

The first strategy involved the synthesis of gold nanoparticles (AuNP) coattd
heterobifunctional PEG polymer. Silver was subsequently catalytically deposited on their surface. A
lateral flow immunoassay was developed, including a silver enhancement protocol based on the reaction
between silver nitrated and hydroquinone. Thetlohdetection decreased from®OFU/ml with the
conventional visual detection to 2 x*10OFU/mI. The test could be used to quantify E. coli in water,
milk and orange juice, with high selectivity against other E. coli strains. The strips were coupled to
screen printed electrodes using athause developed holder, to build up an electrochemical sensor for
decentralized use.

For the second strateg¥e:0Os@Au core/shell nanoparticles were synthesized, and used as
substrate for the development of an electrochemical sandwich immuno&ssasmprinted carbon
electrodes (SPCE) were used as transducers. The detection was carried out by chronoamperometry by
using a secondary antibody labeled with horseradish peroxidase and TMBsabstrate. This
biosensor could be used to determine thedii.0157:H7 strain in the linear range from 20 to 2%10
CFU/mL, with a limit of detection of 20 CFU/mL in milk samples.
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Luminescence lifetimbased sensing relies on the analysis of changes in the decay curves of a
luminescent sensor to monitor a parameter of interest. This technology is ideally suited to study
biological systems due to its minimal invasiveness and rematieing principlel Yet, in conditions
of low signaitto-noise ratio (SNR) the high uncertainty associated with the lifetime value extracted from
decay curves often translates to limited precision in the readout for, e.g., short exposure times or in the
presence of highly opme media. Convolutional Neural Networks (CNNs) are emerging as a solution
to several issues in luminescence senshmymometry above dllo ensure high spatiotemporal
resolution and increased reliabili®y/U-Shaped CNNs (WNETS) in particular, which have been proven
effective in image segmentation tasks in the medical context and in image delassiog, potential
in overcoming the effect of noises on the performance of luminescence lifadisre sensing.

In this work, we apply a YNET to improve the precision of luminescence lifetibesed
thermometry in conditions of extremely low SNR. To showcase this improvement, we pSe Ag
nanothermometewe first convert luminescence decay curves into images suitable to be used as input
in the UNET. The algorithm learns the relevant features from noisy images and improve luminescence
lifetime estimation under conditions of extremely low SNAR)(re 1) compared to traditional analysis
methods of decay curve fittingnd integration. Specifically, we showcase the prowess of tNETUin
improving the precision of luminescence lifetime thermometry with two experiments characterized by
extreme measurement conditions: thermal monitoring offeiiag droplets and monitarg of thermal
transients in suspended droplets through an opaque medium. These results broaden the applicability of
luminescence lifetindrased sensing in fields including in vivo experimentation and microfluidics,
while, hopefully, spurring further reseh on the implementation of machine learning in luminescence

sensing.
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Figure 1. Flowchart representing the architecture and use of the seledt&iTU
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In the pursuit of effective gas sensors for breath and)ysagnetoelastic resonanbased
gas sensors (MEGSs) emerge as remarkable candidates. Due to their intrinsic contactless
operation, they can serve as fiomasive and portable devices. However, traditional
monitoring techniques are often associated wibhivslietection, limiting their application in
fast biorelated reactions. Here, we showcast a proof of concept fetimeaimonitoring of
gaseous biomarkers based on magnetoelastic resonance frequency. This approach was
validated using a MEGS based on Maty 2826 MB microribbon with a polyvinylpyrrolidone
(PVP) nanofiber electrospun functionalization. The device demonstrated low noise (RMS =1.7
Hz) , rapid response (<2 min), and hi8gHel v r ep
for 17195% RH), ammoi a (oof = 112 Hz for 40 ppm), and
These analytes hold great significance in biomedical applications, especially ammonia and
acetone, which are biomarkers associated with diseases such as diabetes. Moreover, the
sensor's cability to distinguish between breath and regular air was validated through real
breath measurements. The sensor also exhibited strong resistance to benzene, a common
gaseous interferent in breath anal§isis

Figure 1- Experimental setup for theeal-time monitoring of magnetoelastimsed gas
sensor (Ref 2)
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Intracellular temperature sensing plays an important rolmderstanding the biological
reactions and physiological conditions insidebells. A considerable amount of works about
intracellular thermometer has been publisheimong them, fluorescence thermometers have
been widely used due to their roontact and noinvasive characteristics. However, the
reliability of their intracellular thermal readouts is still a question of debate. The change in the
compositional propertgeof intracellular medium can induce changes in the fluorescence signal
that can besrroneously interpreted as thermal variatiBh$o overcome this drawback, we
proposed an inert thermal probe where the fluorescent nanoparticles are encapsulated with a
silica shell to isolate them from the environment.

We used the thermochromic nanoparticlestlas ratiometric nanothermometer for
measuring the intracellular temperatufdg(re 1a). The fluorescent dye in nanoparticle
achieves the fluorescence modulation through the -iqliel transition of phase change
materials. The phase change temperature is 38 °C, which results in a high temperature
sensitivity within physiological temperatirangeFigure 1b is the emission spectra of the
suspension of nanoparticles under 20 °C to 65 °C. We experimentally destexhshat its
greenred fluorescent ratio and phase change temperature is not sensitive to pH, viscosity, ionic
strength, and the physical change of the cells. The intracellular temperature calibration is
consistent with the extracellular resul&igure 1¢). The proposed ratiometric fluorescent
nanothermometer is a reliable five cells temperature sensing.
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Figure 1. (a) Schematic diagram of the intercellular ratiomeaisaadhermometer. Yellow circles
represent the nanoparticles. (b) Evolution of emission spectra with temperature from 20 °C to 65 °C.

(c) Temperature dependence of the extracellular and intercellular fluorescence intensity ratio.
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In this study, a novel neeanzymatic microelectrode employing a nickepper bimetallic combination

was developed for the precise and 4iforasive detection of glucose in neutral media. The electrode
fabrication process utilized advanced electrochemiepbsition techniques, yielding electrodes that
demonstrated exceptional electrocatalytic activity towards glucose oxidation. The sensor here proposed
provides a high lifespan with the needed accuracy, more than 40000 measurements were performed.
Charactedation studies revealed the sensor's outstanding sensitivity, and an impressively low detection
limit of 0.05
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Figure.1 Linear range with microelectrode LIG/Ni/Cu in neutral media.

The electrode's performance was further assessed for selectivity, where it exhibited remarkable
specificity even in the presence of potential interfering substances commonly found in neutral media
environments such as sweat. In case of sweat study, thaabtdeviation meets the 15% error
proposed by the ISO normative. These results underscore the robust and reliable performance of the
developed sensor.The compatibility of this sensor with neutral solutions adds a significant advantage
over enzymatic senss, broadening its potential applications in healthcare and other related fields [1].
This innovation holds promise for improving accessibility to essential glucose monitoring technology
on a global scale.
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Microwaveassisted (MW) synthesis of iron oxide nanopatrticles (IONPs) allows for
controlled and reproducible processes, ensuring the-tdiniag of
nanoparticle characteristics such as size, shape, and crystallinity.
accelerated reaction kinetics in MW synthesis contribute to shortened reac
times, enhancing overall productivity and therefore minimization of ene

[1].

This research investigates the MW synthesis of IONPs, explor
procedures such as polyol and oxidative precipitation. In this sensd¢ &
systematic analysis of key parameters, including reaction temperature
time, heating ramp, solvent, and precursor, provided insights into their im
on the nanoparticle characteristics (Figure 1).

ILVLIHIOIHd
IAILVAIXO

AOH13N T0AT70d

(3.7 % v/v) to the diethylene glycol solvent [1]. Controlled aggregation
smal | cores (&7 nm) was accompl.i
a shorter carbon chain polyol (ethylene glycol) which introduces an interes
approach to produce multicore IONPs with disordered aggregation [2]. In
same way, by the addition of an amineesotvent (NMethyldiehanolamine)

is possible to induce a crossover to a-n@ssical reaction mechanism leadini
to multicore nanostructures (a4l
alignment of small cores, usually synthesized by solvothermal techniques
Additionally, to achieve precise shape control transitioning from sphere: A
cubes and larger sizes ¢80 nm), the polyol media was substituted by wat % -“‘

bstit

med by

in an oxidative precipitation approach, enabling a rapid synthesis witl" F|gure 1. MW IONPs samples.
mere 3minute reaction time.

Rigorous assessments of reproducibility proved the reliability of both MW synthesis procedures
across multiple batches (N=20). Finally, the successfsitincoating of singkeore particles using
small molecules such as APTES, citric acid, and aminaalextas achieved in 10 min reactions.

In general, this multifaceted exploration not only enhances our understanding -@fsbisted
synthesis but also opens new avenues for tailoring IONPs with precision, holding immense potential
across diverse applications, from biomedicine to catalysieavidonmental remediation.
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For a safe and efficient treatment, magnetic hyperthermia requires quantitative imaging of
the magnetic nanopartic{f®NP) distribution in the tumor regiddi]. In
magnetorelaxometrfMRX), MNP are magnetized by a pulsed DC magnetic field, and the
relaxatd n o f t he MNP 6 s net magnetic mo me nt
magnetometers. When repeating MRX measurements with spatially different magnetization
fields and multiple magnetometers, the quantitative spatial MNP distribution can be
reconstructed bgolving an illposed inverse problem.

Here we demonstrate the upscaling of MRXI to the size of a human torso. Our setup (see
Fig.) is composed of a single excitation coil and an optically pumped magnet¢@etier
from Twinleaf). The system is operated inside a magnetically shielded room.ha&htom
mimics a pancreatic cancer and is composed of a 3D printed torso andsirapgd gypsum
immobilized MNP sample (Perimag®, &3, 12mg Fe). In order to sufficiently magnetize
distant MNP, the excitation coil is pulsed with curreti® A, genersing excitation fields of
O70 mT. In consequence, (possibly) closeby MNP will be driven into magnetic saturation,
requiring a nonlinear MRXI model, which we developed. The MRXI dataset was recorded by
translating the phantom to 8#ferent positions. The coil was driven sequenyiadlith 7
different currents, to further exploit the nonlinear model as an additional spatial encoding
scheme. The voxel size was selected asra.5

We succeeded in scaling up MRXI to the size of a human torso. Even a-tjesplyINP
source could be reconstructed well with a total mass reconstruction error of 5.2%.

Ground truth Reconstruction

3D view l I

-0.1 ‘ 4 0 ;(l.,ﬁ
0 d - [0.15" n l
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Left: OPMMRXI imaging setup, Right: ground truth and reconstruction of MNP
phantom.
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Early detection of pathogenic microorganisms in food is a crucial strategy to safeguard
public health, especially when they are present in trace amounts. Numerous sensors and
methods have been developedatthieve this goal, but it is necessary to further reduce the
duration and detection limit of these techniques. In this sense, magnetic nanoparticles have
become popular due to their large surface area, that maximizes the interaction with
microorganisms; ah their ability to respond to external magnetic fields, which allows to
magnetically concentrate the attached microorganisms in short periods of time [1].

In this work, biomimetic magnetic nanoparticles (BMNPs) were prepawredtro by
chemical precipitation in presence of MamC, a magnetosmseciated protein from
Magnetococcus marinusC-1 [2]. This protein facilitated the nucleation and growth of
magnetite crystals, and allowed to obtain magnetic nanoparticles with improved characteristics,
such as the presence of functional groups on the surface which could bind bacteria through
eledrostatic interactions. BMNPs were used to magnetically concentratriagcom saline
solution and milk, DNA was extracted, and qPCR was employed to specifabetidct
Staphylococcus aureigodel bacterium).

In comparison with other sensors based on the use of inorganic magnetite nanoparticles,
BMNPs are more efficient materials to adsorb microorganisms, since they do not need post
production coating processes to provide functional groups on their surfacdeBdsnding
analysis show that both Grapositive and Grarmegative bacteria can attach to the BMNPs
and be consequently concentrated by using external magnetic fields. In addition, although the
bacterial attachment is unspecific, the use of gPCR altovescriminate specific bacteria
from the concentrated bulk and detect loads as low as 10 CFU/mL in casawkusThis
system is, therefore, a faster, simpler, andféeodlier alternative to conventional detection
methods.
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The last twenty years have witnessed a remarkable increase in the variety of life sciences
applications of magnetic nanoparticles (MNP). One notable case is the use of MNPs as
transducers for biosensingliquids. This benefits from changes in both colloidal and magnetic
properties following the biomolecular recognition between target biomolecules and receptors
attached to the MNP surface. The nature of the transduction potential relies on the variation in
the magntc relaxation process after biomolecular recognition. Consequently, the dynamic
MNP magnetization cycles tightly reflect any biomolecular event influencing the Néel or
Brownian relaxation. Hence, for MNPs whose relaxation mechanism is governtw by
Brownian process, it is possible to precisely detect variations in their diffusion via the analysis
of their alternating current (AC) magnetization cycles.

Taking advantage of this transducing methodology, we investigated the conformational
changes in the monovalent variant VIFPR2MMY protein, when subjected at 50°C during
different exposure times up to 120 minutes. For this investigation, we prepared and
characterized MNPs biconjugated with receptors that specifically interact with the protein
under study. The AC magnetization cycles of bioconjugated MNRE\Bs) reflect diffusion
changes due to the presence of biomolecules on the MNP surface. Intb&tldNPs and
VFP-TPR2MMY proteins also leads to-BINP-protein complexes, whose AC magnetization
cycles differ from those obtained folbNPs. Subsequent time exposure of tHdP-protein
complexes to 50 °C reveals progressive changes in their AC tizagioa cycles. The
modelling of such AC magnetization cycles, considering the stochastic L-aifdhitz-

Gilbert equation and the Brownian dynamics of the particles, allows us to attribute the magnetic
changes to protein conformational alterations. Tas performed to correlate all observed
changes in the cycles with variations in particle diffusion. Indeed, numerical methods provide
a comprehensive analysis of how the conformational changes of the proteins, induced by
temperature, influence the diffesi of the BMNP-protein complex and, consequently, their

AC magnetization cycles. This is possible thanks to the combination of experimental and
numerical methods, showcasing the significant potential of AC magnetometry to accurately
display thermal proteiconformational changes, offering an alternative to existing techniques.
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Rapid diagnostic tests based on lateral flow assays (LFAs) have been frequently useeods point
care devices for detecting several diseases. They are-lpagast tests that rely on microfluidics and
biorecognition to provide fast and qualitative resulismmercial LFAs are based on colloidal gold or
latex labels, which can give a visual positive/negative test line[1]. However, quantifying-tuesyte
in the test line remains challenging due to difficulties in standardization regarding modifications in
paper color and ambient light. Magnetic nanoparticles are promising candidates for addressing such
issues and increasing the sensitivity of LFAs. In addition to the visual signal, they can be detected by a
magnetic sensor. Superparamagnetic iron oxideopmaticles (SPIONs) nanoclusters have been
investigated as magnetic labels to detect and quantify histamine in wirfi&ptococcus
pneumonial], and cancer biomarkers[4]. In this work, we propose using magnetic clusters based on
citratecoated Mn ferte (MnFeQOs) nanoparticles as magnetic labels to increase the sensitivity of
magnetic LFAs. Mn ferrite nanoparticles are soft magnetic materials with high saturation magnetization
and lower magnetocrystalline anisotropy than SPIONs. Depending on their dimensipregritse
superparamagnetic at room temperature and exhibit a very high initial magnetic susceptibility and
magnetic permeability. Both aspects are crucial in improving the detection signal in a magnetic
radiofrequency inductive sensor [5]. Wenlyesized MnF&®, NPs by hydrothermal coprecipitation.
Nanoparticles were functionalized with citric acid to achieve colloidal stability and provide carboxylic
groups on the particle surface for bioconjugation with a protein of interest. Samples were characterized
by XRPD, TEM, DLS, ICP, TG/DTA, and magnetometry measurements. We used the
NeutrAvidin/Avidin complex as a model to study the sensitivity of the NPs for magnetic detection in
magnetic LFAs. Our results show that modifying the chemical compositiomagnetic nanolabels,
from SPIONs to superparamagnetic Mn ferrite, increased the sensitivity of magnetic LFA due to
optimizing the nanolabels magnetic properties. This would be useful for further developing highly
sensitive LFAs to detect several diseasdlergens, toxins, and environmental pollutants.
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The study delves into the synergistic potential of combining targeted chemotherapy with thermal
therapy, encompassing magnetic hyperthermia and photothermia. This amalgamation is facilitated by a
nanoassembly comprising specialized biomimetic magneticpaaticles (BMNPs) laden with the
potent chemotherapeutic agent doxorubicin (DOXO), ensconced within a polymeric shell of poly(lactic
co-glycolic acid) (PLGA) and adorned with TAT peptide (termed TRLGA(DOXO-BMNPS)).

Notably, prior studies have utilized PLGA to encapsulate both MNPs [1] and BMNPs [2]. In a
recent investigation, we demonstrated that the incorporation of PLGA and/&éPL&R coating onto
BMNPs enhances cellular uptake without compromising the magnetipenies critical for
hyperthermic functionality. However, the potential synergy between directed chemotherapy and
magnetic hyperthermia remained unexplored in that study, owing to the lack of BMNP
functionalization. Additionally, the capability of TAPLGA-embedded DOXEBMNPS to facilitate
synergy between chemotherapy and photothermia, as an innovative means to elevate local temperatures
and/or promote drug release at the tumor site, has yet to be investigated.

Our findings with the HepG2 cell line demonstrate a compelling synergistic effect between
chemotherapy and thermal therapy, resulting in heightened cytotoxicity compared to soluble DOXO
alone. This augmentation is ascribed to the enhanced release of OK@téd by thermal therapy,
coupled with the localized temperature elevation induced by BMNPs within the nanoassembly upon
exposure to AMF or NIR laser irradiation.

These results underscore the potential of TROGA(DOXO-BMNPs) as a versatile platform for
combining therapies against tumor cells, representing a pivotal step toward transitioning from systemic
to localized treatments. This innovation holds promise forenafficacious and precisely targeted
cancer therapies. Therefore, in the present study, our aim was to optimize the effectiveness of the
DOXO-BMNP nanoassembly, utilizing DOXO as a model drug molecule, through various approaches.
Specifically, we soughbtenhance cellular uptake by embedding DGBKANPs within TAT peptide
functionalized PLGA nanoparticles while concurrently combining this optimized directed
chemotherapy with magnetic hyperthermia and photothermia.
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In recent decades, innovative methods have been implemented to enable controlled and
localized drug release in the human body, thereby improving our response to therapy. One of
these methods involves encapsulating the drug within structures that relgase é@xposure
to a specific stimulus. Porous carbon, due to its biocompatibility and high stofatss ratio
(~20004 7F°Q, can be used to adsorb drug ions released in solution.

This study explores the modification of carbon by incorporating magnetite into its
structure and applying a polydiallyldimethylammonichioride (PDADMAC) coating to its
surface. The addition of magnetite produces magnetic altered carbon,pdAiCles that can
respond to external magnetic fields. The PDADMAC coating adds an electrically charged layer
that interacts with drug ions. The movement of carbon particles is induced by a rotating
magnetic field, which facilitates the release of methate (MTX) ions.

The research aims to investigate the impact of the rotation frequency of the applied
magnetic field on the release kinetics of MTX, using both theoretical modelling and
experimental analysis. This approach improves our understanding of the relationsienbet
the magnetic field and the drug release process, providing insights for optimizing controlled
drug delivery systems.

(Left) Image of a carbon particle modified with magnetite obtained from HRTEM.
(Right) Carbon and iron distribution obtained from EDX microanalysis.
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Atopic Dermaititis (AD) is a worldwide spread and burdensome inflammatory skin disease
characterized by epidermal barrier disruption, intense itch, sensitization and increased trans
epidermal water loss. The mild to moderate forms of AD are tackled wittatdperapies
(emollients and corticosteroids) which are still the mainstay of therapy. However, different
types of nanocarriers have also been designed for AD therapy, either by the combination of
different acting bioactive compounds, or by their incoagion in different delivery systems.
Recently, more attention is being given to the vehicle used to deliver the drugs or bioactive
compounds, in a way that their properties help to overcome the unmet clinical needs of several
diseases. That is why hydrdgere rising in the field of cutaneous application, particularly for
AD, since they possess high water content to treat skin dryness and reduce the water loss,
improved drug delivery through an impaired skin barrier, and versatile preparation and drug
loading to represent good alternatives to regular ointments, lotions, or creams already in use
[1].

In this project, hybrid hydrogels were designed to form a blend between marine
polysaccharides and synthetic polymers, becoming a vehicle option to improve the AD
environment. Since betamethasone is one of the mostly used corticosteroids, but presént sever
off-target side effects,
this drug was incorporated in lipid nanoparticles to potentiate its local effect on skin layers,
upon their incorporation in the hybrid hydrogel platform.

The designed nanopatrticles revealed storage stability for more than two months and high
drug content. The hydrogels combined with nanoparticles showed a rheological behaviour that
ensures uniform spreadability and improved dispersion in skin layers.a€éllotompatibility
was also tested in fibroblasts and keratinocytes, andndlaimmatory potential was confirmed
in activated macrophages, which play a pivotal role in enhanced susceptibility to cutaneous
infections like AD.Ex vivopig ear skin permei@in showed retention of betamethasone in skin
layers just after three hours of contact, indicating a potentially maximized local effect.

These findings underscore the significance of using nanoparticles and hydrogels in the
future treatments of AD and provide valuable insights on the use of natural products and the
repurposing of drugs through nanomaterial science techniques for betipetiteral design.
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Thrombosis, a leading cause of global cardiovascular disekded fatalities (33%
annually), represents a challenge in developing safe anticoagulants. Direct inhibition of Factor
Xa (FXa) of the human coagulation system has emerged as a crucial stoatggyent
thrombosis, avoiding the activation of prothrombin (Factor II) and the subsequent generation
of fibrin (Fla), giving rise to direct oral anticoagulants (DOACs). However, DOACs can lead
to risks such as severe uncontrolled bleeding. For thé®meaur research group synthesized
a novel FXa inhibitor that could address those challenges as provenrbwitits efficacy [1].
However, its elevated lipophilia hampers the clinical application potential of such a novel
molecule. To overcome this, we propose using Nanostructured Lipid Carriers (NLC), colloidal
carriers composed of nanoscale particles, formulated outitborganic solvents, and
incorporating physiological lipids. NLCs enable the encapsulation of active lipid ingredients,
protecting agaist degradation, and facilitating targeted delivery. Considering the importance
of Green Chemistry strategies for developing novel nanosystems, we also used Mierowave
Assisted Synthesis (MAS) for NLC formulation, which has recently demonstrated time
reducton in the production process, resulting in similar physicochemical characteristics
compared with traditional methods [2]. This research aimed to design and optimize a lipid
nanosystem using conventional microemulsion and MAS techniques that could diffective
encapsulate a new FXa inhibitory molecule. In this sense, a reproducible nanocarrier was
obtained, exhibiting favorable physicochemical properties for both formulation techniques,
involving sizes of 138+15 nm and 94+3 nm, polydispersity indexes (R1)168 and 0.243
and zeta potentials (ZP) ef9+2 mV and-21+6 mV respectively. Moreover, the prototypes
demonstrated storage stability for over 20 weeks, physiological stability for more than 48
hours, and gastrointestinal stability until 4 hours. Once itlhibitory molecule was
encapsulated, both nanosystems indicated consistent sizes around 130 nm, Pl under 0.300, and
a ZP around20 mV. The efficiency of encapsulation was over 50% and was also confirmed
by using!®F NMR analysis. In summary, this research presents a novel and ecological approach
to formulating lipid nanostructures for the encapsulation of a molecule that inhibits FXa. This
method produces stable nanovehicles, offering potential solutions for ovegat obstacles
in treating thrombds.
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Addressing genetic defects using exogenous nucleic acids presents a formidable scientific
challenge. Thus, it is necessary to develop vectors capable of efficiently encapsulating,
safeguarding, and precisely targeting nucleic acids in specific cells|itJre®earch focuses
on the design of innovative compact silwased particles with the capability to embed, store,
and transport DNA molecules [2]. Through silica polymerization utilizing a modified Stober
reaction, nucleic acids are incorporated intoahmrphous silica core, leading to the creation
of spherical particles. These DNA@Si®ystems display impressive stability at room
temperature and offer resilient protection to the enclosed DNA against various biological and
physicochemical challenges. Upon cellular uptake, the amorphous silica dissolves within the
cytoplasm, releasing tHeNA and facilitating the process of transfectiém.our prior work,
we started using plasmid DNA as genetic cargo showinglestang transfection and their
application for sequential gene expression of two different genes in mammalian cells [3].
Subsegently, we have studied the application of DNA@Si@rticles for the delivery of long
linear DNA, where commercially available vectors are generally limited. These particles have
shown an enhanced efficiency with shorter and lineal fragments of DNA than with plasmids
[4].

Based on these findings, we have initiated the application of these particles for the delivery
of therapeutic oligonucleotides, specifically targeting the treatment of melanoma. The
flexibility of our silicabased particles, evidenced by their efficieniveey of diverse DNA
forms, makes them promising candidates for giving a boost to inorganic vectors in the field of
gene therapy.
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Figure 1. Overview of DNA@Sifdlevelopment
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Multifunctional drug loaded polymanetal nanocapsules have attracted increasing
attention in drug delivery due to their multifunctional potential endowed by the drug activity
and the tuneable response to physicochemical stimuli. However, chemical synb#sids
of polymer/metal capsules require specific optimization of the different components to produce
particles with precise properties, being particularly complex to obtain Janus structures
combining polymers and ferromagnetic and/or highly reactivialsieNe have demonstrated
a versatile hybrid fabrication strategy to incorporate different functional metals with optical,
ferromagnetic or chemical properties on solid drug loaded nanoparticles.[1] Here, we present
poly-lactic-co-glycolic-acid (PLGA) naonparticles loaded with indocyanine green, paclitaxel,
or erythromycin, that are half capped by Au, Fe, or Cu layers. Au coated nanopatrticles were
used forin vivo fluorescence imaging and synergistic photodyngphictothermal therapy
using near infrared &&rs. The Fe coated paclitaxel loaded nanoparticles were used to assembly
and manipulate multicellular cancer spheroids and boosted therapeutitrefigotachieving
the complete eradication of tumors at ultralow drug concentration.[2] Finally, the Cu coated
nanoparticles were tested for synergetic antibacterial effects. This technology can be expanded
to a myriad of metals, polymers and drugs, thus thegiat®n of magnetic, optical, and
electrochemical properties in dAimaded nanoparticles for extal control and synergetic
effects can be used to improve a wide range of biomedical applications.

Nanodome structure Biomedical application

Figure 1. Scheme of the preparation and applications of the modular nanoparticles
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CD44 is a cell surface receptor that is considered a general marker for cancer stem cells and high
malignancy, and it is generally inactive in normal cells [1]. Thereforeradeitived small extracellular
vesicles (SEVs) were engineered to target CD44expeessing cancer cells. Since hyaluronic acid
(HA) is the primary ligand of CD44 [1], SEVs were functionalized with HA of different molecular
weights (2660 kDa, 250 kDa, 1000600 kDa) by covalent binding to surface proteins of SEVs. Uptake
studies wer@erformed with the breast cancer cell lines MDIB-231 (CD44+) and MCH (CD44).
Confocal laser scanning microscopy (CLSM) showed that bare sEVs exhibited significantly lower
uptake by both cell lines regardless of incubation time. Interestingly, difféigribution patterns of
functionalized sEVs in the cells ath®ur incubation: MDAMB-231 cells showed colocalization with
cell membranes, while in MGF cells sEVs were evenly distributed in the cytoplasm, suggesting
different uptake mechanisms. Théscionfirmed by uptake pathway studies showing that blocking CD44
and inhibiting endocytosis affect the uptake of functionalized sEVs by CD44+ cells to a greater extent.
A significantly higher uptake of functionalized sEVs by MIMB8-231 cells compared to ME7 cells
was observed at 24 h incubation (Figure 1), with sBEZy5@100aL600kDa exhibiting the highest
fluorescence levels. It can be concluded that functionalization of SEVs can yield promising results in
terms of selectivity to CD44+ cells, especialliien high MW HA is used.

(a) EVs-SCyS SEVS-SCy5@20-60kDa SEVs-SCY5@250kDa SEVS-SCy5@1000-1600kDa (b)

SEVS-SCy’
o
¢

joechst 3: Red: SCYS (SEVs)

Figure 1. (a) CLSM images of MCGFand MDAMB-231 cells after 24h of incubation with 10
e g/ ml of sEVs; (b)) Quantification of fluorescent

MCF-7

MDA-MB-231
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Pathogenic bacteria typically exist only as planktonic cells for limited periods of their life cycle.
However, in response to environmental signals, these bacteria can transition to form multicellular,
surfaceattached communities known as biofilms. Withanbiofilm, bacteria are embedded in an
extracellular matrix that they produce, which contributes to antibiotic resistance and facilitates the
horizontal transfer of resistance genes, leading to persistent infections that are difficult to treat [1].
Giventhe global threat posed by antimicrobial resistance (AMR), there is an urgent need for alternative
therapeutic approaches [2]. In this context, nanoparticles (NP) may present several adj&ntages

Monometallic iron oxide nanoparticles (IONP) and bimetallic 2zino oxide nanoparticles (ZIDNP)

were investigated for their potential activity against biofilm formation in a gragative pathogen,
Haemophilus influenzadBoth types of NP were obtained through hydrothermal synthesis using iron
and zinc chloride as metal sources and sodium citrate as surfactant. Several techniques ({DES, ICP
FTIR, XRD) have been combined to do a full physicochemical characterizatid?h afid to determine

their compaition and crystalline structure. Finally, the ability of these NP to inhibit biofilm formation
in H. influenzaevas tested using biofilm crystal violet staining assay, whereas their ability to eradicate
a mature biofilm was determined by culture and colonies counting after trealimeioity of NP was
evaluated in cells and zebrafish embryos, whereas biodistribution was evaluated in healthy mice.

Different bimetallic NP were synthesized with increasing amounts of zinc. All NP obtained had
appropriate physicohemical properties, and they were very stable after incubation in buffers, culture
medium and serum. Regarding the composition of the orgaating, all NP were coated equally which

was expected considering that the size of the nanopatrticles is similar. Analyzing the ratio of occupied
tetrahedral/octahedral stretching as seen in FTIR, at lower concentrations zinc occupies the octahedral
posiions, and as the quantity increases, it occupies the tetrahedral positigitre. tests showed that
monometallic NP have little effect on biofilm formationhh influenzaewhereadimetallic NPwere

able to impair biofilm formation in a very efficient manner, resulting in total inhibition at the highest
tested concentrations. Moreovéimetallic NPwere also more efficient in eradicating a preformed
biofilm at all the tested concentrations. Toxicity studies showed a good biocompatibility profile NP.
Moreover, bimetallic NP accumulate mainly in liver.

In view of these promising results, further work for a deep study of their efficacy and elucidating their
mechanism of action will be carried out soon, as the NP here presented are a potential source of
alternative treatments for biofikassociated infeains.
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The continuous scientific and technological progress has propelled the creation of new
materials to address various emerging needs in biomedicine. Graphene (G) stands out for its
remarkable properties, including high electrical conductivity, flexibilitygnsparency,
strength, and lightness [1]. The Lageduced Graphene (LIG) technique involves laser
irradiation on carbomich materials, such as polyimides (Pl), serving as precursors to obtain
nanostructured graphene sheets [2]. Research confirmgthfcsaint potential of Glerived
materials in interacting with cells from different tissues, facilitating the reconnection of
biological structures [%]. This approach underscores the crucial relevance of the LIG
technique in biomedical applicationin the present study, the electrical, structural, and
physicochemical characterization (morphology and wettability) of substrates synthesized
through LIG was conducted. Subsequently, the results of initial biological assays were
examined to assess thiirvitro biocompatibility.Our results demonstrate the ability to obtain
diverse materials with desired properties in terms of conductivity, roughness, and wettability
by varying laser power/speed configurations and pattern design. This flexibility provides a
valuable platform for mgineering materials with controlled surface and structural properties,
emphasizing their immense potential in biomedical applications, especially in promoting cell
substrate interactions. Initial biological assays confirm the viability of our substoateslif
culture, where coherent cell growth is observed following the structural design on the material
surface.
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The growing interest in utilizing graphene (G) and grapHsasedmaterials (BMs) for
applications such as drug and gene delivery, biomedical imaging, and diagnostic biosensors in the
central nervous system (CNS) has spurred neuroscientists to investigate the impact of GRMs on primary
neural cells. Our focus has centered on chatiaittg the interactions of G flakes within the CNS and
exploring the potential of 2D Based supports as biocompatible scaffolds for neurological purposes.
The goal is to leverage the conductive properties of graphene to regulate neural network astkakty cl
associated with these structures. Our findings reveal that while exposure to G materials does not
compromise neuronal and glial viability dfood-brainbarrier permeabilityit does exert notable
effects on neuronal and glial physiology. These effects encompass synaptic activity, intracélfular Ca
dynamics, and astrocyte glutamate uptakéd][The results suggest that@xide may play a protective
role in neurgpathologies characterized by hyperexcitahititgrestingly, our ongoing investigatios i
displaying a very high biocompatibility of G flakes with microglia cells, thus encouraging the future
application of GBMs in neuroscience.

Additionally, we delved into the molecular and cellular mechanisms governing the interaction between
2D G-based supports and primary neurons. This exploration aims to evaluate the feasibility of
employing these materials as flexible, transparent, and mtgtike devices for stimulating and
triggering neuron excitability57]. We treated monolayer graphene, grown via chemical vapor
deposition(CVD), with remote hydrogen plasma to demonstrate that hydrogenated graphene (HGr)
enhances cetio-cell communicatin in primary cortical neurons compared to pristine graphene. This
enhancement manifests through increased excitatory synaptic connections and a doubled frequency of
miniature excitatory postsynaptic currerik Pnce again, there is no sign of glial reactivity when HGr

is interfaced with primary astrocytelSurthermore, we successfully modified P3HB, an amorphous
biocompatible polymer, for neuronal interfacing by incorporating GO +pdattelets into the polymer
structure ¥]. Finally, we are investigatinaserinduced graphene 2D supports as their preparation is
less time consuming and cheaper compared to-GVDhese investigations indicate that wettability,
more than electrical conductivity, is the crucial parameter to control when designing neural interfaces.
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Thermoresponsivenicrogels are useful as emulsion stabilisers and for Soft Colloidal Lithography
(SCL). The SCL uses microgels as building blocks to fabricate lithography masks with submicrometer
features, usually only accessible by electron beam lithography. This teehaligs on the spontaneous
selfassembly of soft microgels at fluid interfaces. Understanding the mechanisms governing their self
assembly at fluid interfaces is key for those applications. In this work, we will present some recent
advances on SCL develed in our team.

We will show the influence of Keggitype polyoxometalate (POM) ions on the swelling and
interfacial behaviour of pNIPAM microgels. In bulk, strong charge inversion results from POM
absorption at low concentrations, such as % M, due to ionic specifity. We observe an interesting
deswellingswelling-deswelling trend below the Volume Phase Transition Temperature (VPTT) as
POM concentration increases. When heating above the VPTT, this mechanism also produces a further
deswelling of the microgel.

At the water/air interface, adding POM at a
the microgel monolayer equivalent to heating above the VPTT while compressing it in the absence of
POM from 5 to 20 mN/m. If the monolayer is heated above the iRTHe presence of POM, we
achieve a further increase in the height of the deposited microgels corresponding to the further
deswelling observed in bulk above the VPTT. Increasing the POM concentration ak®ie dif not
have any effect on the microgel nwayer, pointing to a saturation effect at such low concentration.
Finally, the deposited monolayer in the presence of POM showed an improved performance as SCL
mask, resisting better to air plasma etching [1].

D, =D,
L
AN
25 °C | POM 25 °C
50 °C POM 50 °C

Figure 1. Graphical abstract showing the effect of POM on microgel monolayers at fluid interfaces.
Adding POM below the VPTT at low concentrations ofNIQeduces the distance between deposited
microgels while increasing their height. Above the VPTT, their height is further increased in the
presence of POM
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Soft magnetic actuators are soft materials able to respond to an external magnetic field by
locomotion, by changing their temperature o some of their dimensions, or even by bending or
twisting. Magnetic field is an attractive stimulus due to the eass apflication, fast response
of magnetic actuators, and the safe penetration in biological environments [1, 2]. In this work,
we studied the role of the structural organization of magnetic particles within the three
dimensional structure of an alginate hygel in the response of the actuators when an external
magnetic field was applied. To be precise, the magnetic particles were aggregated into chains
of magnetic particles, which programmed the response of the actuator. Firstly, we studied the
microstructue of the different actuators using microCT techniques, obtaining structures that
ranged from chains of particles with different orientational angles, to randomly distributed
particles. Secondly, we studied the response of actuators with the same shdifferbuat
particle distribution using moldasting technique to prepare the actuators, such that the
actuators cured in the presence of the field with a particular shape returned to this shape when
the actuation field was applied. In addition, followihgsttechnique, we developed an actuator
that iIimitated the flapping of a butterflyods
magnetic field of less than a one second. Finally, torsion in response to the applied magnetic
field was also studied falifferent structures formed by the particle chains within the polymeric
network of the actuators, differentiating in this work between two types of structures: i) circular
structures and ii) helical structures. The experimental torsional response agffedtie
prediction of a theoretical model that we also developed.
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The transport of biomolecules, drugs, or reactants in stiresiionsive polymer networks
in aqueous media is fundamental for many material and environmental science applications,
including drug delivery, biosensing, catalysis, nanofiltration, water patifin, and
desalination. The transport is particularly complex in dense polymer media, such as collapsed
hydrogels, where the molecules strongly interact with the polymer network and diffuse via the
hopping mechanism. In this study, we employ the Dynanidamsity Functional Theory
(DDFT) to investigate the neequilibrium release kinetics of naanic subnanometesized
molecules from collapsed microgel particles. The theory is consistent with previous molecular
dynamics simulations of collapsed poly{®bpropylacrylamide) (PNIPAM) polymer matrices,
accommodating molecules of varying shapes and sizes [1]. We found that, despite the intricate
physicechemical properties involved in the released process, the kinetics is predominantly
dictated by two materigbarameters: the diffusion coefficient of the molecules inside the
microgel0* ) and the interaction free emwGepOwy of
results reveal two distinct limiting regimes. For large, slowly diffusing molecules weakly
attracted to the polymer network, the release is primarily driven by diffusion, with a release
t i me s cial 1/Dt. goneesselyfor small molecules strongly attracted to the polymer
net work, the release time isplemp @e®mOd by th
DDFT calculations are directly compared with an analytical equation for thechedise time,
demonstrating excellent quantitative agreement. This equation represents a valuable tool for
predicting release kinetics from collapsed microgels ofinaic molecules.
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Abstract

The motivation for this work is to develop an effective method for decontaminating wastewater
from industries. Water is a fundamentaldfizving resource, and industrial activities frequently pose a
threat to its purity. One promising approach is to usgmatic nanoparticles (NPs) exhibiting both
photocalisys and adsosption functionalities, that can ve easily removed through magnetic separation.
Nickel NPs have excellent catalytic activity and moderate saturation magnetization [1], necessary for
efficient magnetic separation. Coating these NPs with activated carbon is an ideal strategy for this
purpose thanks to its low density and large porosity.

This work focuses on producing and studying carbpported nickel NPs derived from nickel
organic frameworks, NiOFs (see Fig. The microstructure and magnetic properties of NPs with
various sizes synthesized at different carbonization temperatures were investigatad [#jdings
indicate that by tuning the fabrication conditions of NiOFs, we can achieve excellent performance for
noble metals and dye elimination from water can be achieved. In this presentation, | will discuss which
are the best caithtes for these purposes.

o Ni-MOF 2
Ni@C ;{:?lr‘:ﬁa&? 5 ‘?%
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? Fig. 1: Schematic of the MGF

derived fabrication of the
carboncoated Ni nanoparticles
of this work
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Interest in titanium dioxide (Tig) nanoparticles (NPs) used as photocatalysts has increased in the
water cleaning sector, due to their uniqtlearacteristics such as naxicity, easy preparation,
favourable band edge positions, multifaceted electronic properties, super hydrophilicity, eghellore
magnetic photocatalysts combine the advantages ofWit® the possibility of easily recovering them
from treated water by applying an external magnetic field.

In the present work, we prepared cshell magnetic nanoparticles: (A) B@TiO, and (B)
Fe0.@SIG@TIiO,. Two different methodologies were used in the synthesis of the NPs during the
addition of Titanium(1V) tedbutoxide (TBOT): a dropping method (A1, B1) and a sirgjép approach
(A2, B2). Samples were characterized by Transmission Electronic Microsddpyl)( X-Ray
Diffraction (XRD) and VibratingSample Magnetometry (VSM). Photocatalysis was tested by studying
the degradation of phenol in an aqueous medium at pH 6.5. Magnetic Induction Heating (MIH)
experiments (increase of temperature under AC magrietd) fvere additionally performeXRD
indicates a correlation between crystallite size and the method used to introduce TBOT. Specifically,
TiO2 NPs display a crystallite size of approximately 4 nm for A1 and B1, while A2 and B2 exlgibited
larger size of around 7 nMEM results show a flower type magnetic nucleus (mean diameters ranging
from 220 nm to 450 nm) surrounded by spherical morphology. The samples display photocatalytic
activity in the U\tVis range, with enhanced performance of B NPs linked to the highdaltinfsy
degree of the anatase bi@nd the protective role of the Si€hell. Despite the samples show similar
magnetizations, enhanced MIH performance were found in samples A for high amplitudes of AC
magnetic fields (> 30@A/m). An increment of almost 20°C for mg/mL at 311 kHz 20 kA/m (25 mT)
was observeth A1 samplehat could be employed in pollutant adsorption/desorgii@tesses.
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Figure 1.(a) TEM image for A2 and its histogram, (b) phenol degradation percentage and TiO
crystallite size for samples A or B and (c) Specific Absorption Rate (SAR) versus amplitude of the AC
magnetic field, k.
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This work demonstrates a novel approach to develop simple, low cost afrieadty
drinking water adsorbents for Cr(VI) removal, based on the improved performance of an active
inorganic phase homogeneously distributed onto the network of different broahéces. For
the biochar matrix, various agricultural residues including olive stone, hemp stem and sewage
sludge were received after pyrolysis while for the production of the inorganic pha®e, Fe
nanoparticles known for their reducing activity towandV1) to Cr(lll) transformation, were
synthesized. For the optimization of thesBgnanoparticles adsorption capacity, the role of
different iron precursors including Feg®eCp and Fe(NH)2(SQy)2 and various counterions
released by reagent compounds?{F@H, NOs), was examined. Fabrication of the examined
nanocomposites was carried out by hagtergy blending using 180 %wt. of the inorganic
phase. In this way, E@4 nanoparticles were homogeneously distributed within the structure
of the biochar provi di ng magnetic response to the
characterization and morphological observations revealed the successful incorporation of the
magnetic nanoparticles on biocharés aonor phou
their Cr(VI) wuptake efficiency complying wi
drinking water under conditions similar to those met in a typical groundwater, i.e. low
concentrations (<100 e€g/ L), n e u t.dngarticyaH , pr e:
loading of 30 %wt. F€4 nanoparticles in olivelerived biochar succeeds an increase of
adsorption capacity at 3.1 mgégos comparing to the pure phase okGgwhich recorded
adsorption capacity at 2.8 mg/g. Finally, taking advantage of the magnetic properties of the
fabricated composites, a continudiimsy water treatment unit which combines sufficient
adsorption period and complete adsorbent recovery in a hmsgnetic separator was designed
using numerical modeling of the magnetiparation stage.
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Figure 1. Synthesis route of composite fabrication
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Nowadays, finding innovative technologies to efficiently adsorb/desoso@€ several
cycles with low energy consumption is a pressing environmental concern. We have developed
a new bioionspired nanocoating based on the copolymerization of beh2atiel and
hexamethylenediamine, with a €0ptake of 7.28 mmol/g under humidified conditions with
an outstanding chemical stability and regenerability prdéeBarther functionalization with
glycidyltrimethylammonium chloride increases the uptake capagitio 9.96 mmol/g while
lowering the desorption temperature down to 50 °C for 20 min. Moreover, the coating shows
strong adhesion on cotton and paper, without modifying their intrinsic permeability and
mechanical properties, allowing for the recycling aflyf available and environmentally
friendly biomass. These results demonstrate the competitive advantages of this bioinspired
coating compared with current technologies to capturgw@@e accomplishing the resource
efficiency of bioeconomy policies.

An innovative bioinspired nanocoating for €€brption.
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Introduction to MDPI Nanomaterials: The upcoming presentation will provide insights
into the development of the Nanomaterials journal, empower scholars with the knowledge of
the peetreview process, and discover tailored opportunities for cooperatiorowithournal

nanomaterials

an Open Access Journal by MDPI

Nanomaterials (ISSN 2074991) is an international, pesrviewed, interdisciplinary
scholarly open access journal, published semimonthly online by MDPI. It publishes reviews,
regular research papers, communications, and short notes that are relewafietd ahstudy
that involves nanomaterials, with respect to their science and application. Thus, theoretical and
experimental articles will be accepted, along with articles that deal with the synthesis and use
of nanomaterials. Articles that synthesinéormation from multiple fields, and which place
discoveries within a broader context, will be preferred. There is no restriction on the maximum
length of the papers. Our aim is to encourage scientists to publish their experimental and
theoretical researdn as much detail as possible. Full experimental or methodical details, or
both, must be provided for research articles. Computed data or files regarding the full details
of the experimental procedure, if unable to be published in a normal way, caroséetbps
supplementary material.

Scopes

Nanomaterials are materials with typical size features in the lower nanometer size range and
characteristic mesoscopic properties; for example quantum size effects. These properties make
them attractive objects of fundamental research and potential néisatipps. The scope of
Nanomaterials covers the preparation, characterization and application of all nanomaterials.

1 Nanomaterials:

1 Nanoparticles, coatings and thin films, inorgaoiganic hybrids and composites (i.e.
MOFs), membranes, naradloys, quantum dots, sedissemblies, graphene,
nanotubes, etc

Methodologies:

Synthesis of organic, inorganic, and hylmahomaterials

Characterization of mesoscopic properties

Modelling of nanomaterials and/or mesoscopic effects

Applications: Any application of new nanomaterials or new application of
nanomaterials.
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Infectious diseases related with microorganisms such as virus, bacteria or fungi outcome to be a
huge health issue. In fact, multidrug resistant bacteria are increasingly becoming a public health risk as
conventional antibiotics cannot provide protecfidbAccording to the World Health Organization, it is
estimated that more than 1.2 million deaths were directly related with bacterial antimicrobial resistance
and contributed to more than 4 million deaths in 2818hus, it is urgently needed the seek for
conventional alternatives. Some of the proposed options include metallic nanoparticles such us iron
oxide, gold or silveF! Although they possess great properties as size tunability or functionalization
versatility, metallic nanoparticles often lack ogpatibility[¥ As an alternative, bioinspired polymers
have also gain interest in the field. Some of them may present intrinsic antimicrobial properties as well
as low toxicity for the human bodf}.

Different polyphenols and catecHehsed compounds can be found in nature. These molecules
possess the remarkable ability to generate reactive oxygen species (ROS), showcasing bactericidal
properties as they disrupt the cellular structures of baé¢fenahis work, we have combined different
commercially available catechbhsed molecules with amines by a straightforward methodology.
Interestingly, by tunning the synthetic parameters, we can obtain different materials (nanoparticles,
coatings or freetanding films) with antimicrobial properties that can be exploited.

OH OH o]
HO.
Sl < S 6t
OH HO -
catechol pyrogallol caffeic acid ‘C ' o
o5

Figure 1. Formation of bioinspired nanomaterials with antimicrobial capabilities
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Nanotechnological platforms offer advantages over conventional therapeutic and
diagnostic modalities. However, efficient biointerfacing of nanomaterials for biomedical
applications remains challenging. In recent years, nanoparticles with different cdetuggs
been developed to reduce rgpecific interactions, prolong circulation time, and improve
therapeutic outcomes. This study aims to compare various nanoparticle coatings to enhance
surface engineering for more effective nanomedicines. We preparecthamdcterized
polystyrene nanoparticles with different coatings of polyethylene glycol, bovine serum
albumin, chitosan, and cell membranes from a human breast cancer cell line. The coating was
found to affect colloidal stability, adhesion, and the elasticlulus of NPs. Protein corona
formation and cellular uptake of NPs were also investigated, and a 3D tumor model was
employed to provide a more realistic representation of the tumor microenvironment. The
prepared NPs were found to reduce protein adsorptaomd cell membraneoated
nanoparticles showed significantly higher cellular uptake. The secretion of proinflammatory
cytokines of human monocytes after incubation with the prepared NPs was evaluated. Overall,
the study demonstrates the importance ofingatin affecting the behavior and interaction of
nanosystems with biological entities. The findings provide insight intsvénm interactions
and are important for the effective implementation of stealth surface engineering designs.

Graphical Abstract
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Mechanical properties of the extracellular matrix can strongly influence cellular reactions.
For this reason, many efforts have been devoted to the development of fabrication tools for to
mimic the physiological microenvironment of living cells to build realistigitro models

Threedimensional printing has become a versatile tool for printing biomimetic scaffolds
and for other biomedical applications. While direct laser writing (DLW) and similar
techniques, have made impressive progress to achieve arbitrary 3D shapes, tinee bioac
functionalization of such microstructures remains challendirgto limitations related to the
requirements that the ink needs to fulfil in order to be writai@overcome this problem, the
use of DipPen NanolithograpRy-a scanning probe lithogphy technique where an atomic
force microscope probe is used to create patterns directly on a range of substances with a variety
of inks- is proposed as a pegtocessing strategy, as it can add the necessary functional
elements (nanoparticles, biomolecules, etc.) on the surface of these 3D stflidterbave
successfully incorporated different biomolecules (lipids, proteins, DNA) on the surface of 3D
printed microstructures and demonstrated that it is a useful approach to create binding sites for
cells(Figure 1). () TwoPhoton Lithography Dip Pen Nanlithography

Figure 1. (a) The two techniques used to fabricate 3D cell scaffolds. (b) Polymeric scaffolds with
different lipid inks selectively coating different parts of the structures. (c) Fibronectin spots patterned
on squareeshaped scaffolds showing that they satectively bind fibroblasts.
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The combination of nanoparticles (NPs) and protein structures has emerged as a promising
approach for biomedical applications, such as drug delivery, imaging, and diagnostics. In this study we
investigates the therapeutic potential of CTPR390 [thfreparticle that inhibits the chaperon Hsp90,
in a human model of cardiac fi br osi)sakeyoytbkireed by
promoting fibrosis.

The 3D model used for the assays with CTPR390 is composed of a combination of matrix
components and fibroblasts, referredas Engineer Cardiac Tissue ECT [2]. This model will be
subjected to an external stimulus to create a pathological condition, followed by treatment with
CTPR390 a nanodrug constructed from engineered protein domains based on tetratricopeptide repeats
(TPR). The response of the human cardiac model will then be analyzed at different levels.

The study demonstrated that CTPR390 effectivedyores the biomechanical properties of fibrotic
ECT, matching those of the control state. This compound also reduces the expression of profibrotic
genes and proteins in ECT fibroblasts, indicating its ability to inhibit the fibrotic cell phenotype. At th
same ti me, i -induceceaccemutatiol of fibBdsts on the ECT surface, suggesting its
ability to modulate their behavior and decreases structured collagen production in fibroblasts from
fibrotic ECT treated with CTPR390 compared to untreated ones, aligning with the observed reduction
in overall collagen deposition. Application of synchrotron sraaljle Xray scattering (SAXS)
supports this idea by revealing inhibition of the formation of stinect and oriented collagen matrices
i n Tadstivdted ECTs treated with CTPR390, technique used to study the structure of materials at
the nanoscale, in this case, used to study the structure of CTPR390 and their interactions with cells and
the extracelldr matrix. In summary, these results demonstrate that CTPR390 emerges as a promising
therapeutic agent for the treatment of cardiac fibrosis, with the potential to reverse both biomechanical
and cellular alterations associated with this condition.
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Biomaterial development has become one of the main redeartdes towards tissue regeneration
in the biomedical field. There is a prominent need for innovative materials that can act as bridge between
damaged tissues, while also acting as scaffolds for drug delivery, cell therapy, and other types of
precision mdicine. The overall objective is promoting tissue regeneration while avoiding negative
conseguences such as acute rejection, cytotoxicity or chronic inflammation. Synthetic materials are no
stranger to these issues, which is why materials found in naturéb& an invaluable source of

inspiration towards this goal. "Mefp3.5]
Mefp-2,4 : \
/// ““‘

based on catechol compounds, due to their str
adhesion in wet environments (Figure 1a). Using th
materials, our group was able to develop and pat
catecholbased membranes that present seve
interesting qualities and show promise in this fiel
This technology has been validatéavivo using
autologous cells for cartilage regeneration in re '
resulting in great bioadhesion, high biocompatibilit @ r
and the ability to transfer cells to the damaged tis: A » ‘ “
resulting in more efficient regeneration. Currently, y e trmmerens Gt
are working on identifying ahdocumenting the react A ¢
of their antibacterial capacity, complementing e P Y
vitro validation utilizing different human cell types LD
and validating skin regeneratiamvivo. Furthermore, - 5 1 @
new types of membranes are being developed in o - \ & ‘
to targetdifferent pathologies, such as the synthesis
conductive membranes towards neuron regenerati O —— P—
and the treatment of glioblastoma (Figure 1b). Figure 2. a) Bioinspired solution for the

. . ormation of biocompatible and bioadhesive
The versatility of this technology opens up NewW amembranes. b) Different target tissues and
exciting possibilities in this field, allowing us tepathologies for the promotion and enhancement of
adapt the system based on the needs of each pattissue regeneration using the developed bioinspired
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As nanoparticle formulations move towards human clinical trials in photothermal cancer
therapy (PTT), the influence of individual key parameters on the heating efficacy must be
thoroughly assessed [1]. This work reports a systematic study on the heatimmaece of
gold nanorods during exposure to ngdrared radiation, evaluating the influence of nanorods
concentration, total volume, laser output power, and spot area. Interestingly, the lowest
concentration tested (24 pg ril) showed the most promigimesults with a SAR (Specific
Absorption Rate) value of 24.6 kW gAlufor the highest laser power (0.8 W), spot area (0.4
cm2) volume (1mL) [2]. The laser output power and concentration proved to be the key
parameter in global heating of the sample. Tineette’s optical path length also proved to be
an important parameter given that there is a threshold concentration value beyond which no
significant improvement will be observed, and the higher gold mass will play a detrimental
role suppressing SAR valuesfter the multiparameter exploration and the finer control of the
performance in PTT, we developed a novel multifunctional nanosystem based on solid lipid
nanoparticles (SLN) etbaded with gold nanorods (AuNRs) and Mitoxantrone (Mito) and
functionalizel with folic acid (FA) for dual PTT and chemotherapy of breast cancer [3, 4].
NeakrInfrared (NIR) irradiation §08 nm, 1.7 W cm, 5 min)resulted in an enhanced release
of the drug. The active targeting strategy was found to be successful, as showgreatie
accumulation of the functionalized SLN in M@Fcells. Finally, the combined effects of
chemotherapy, NIRnduced drug release and PTT significantly enhanced breast cancer cell
death. Overall, these results demonstrate that the developed ligislyatem is an efficient
vehicle for breast cancer multimodal therapy.
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Nanotechnology has gained significant attention with a particular emphasis on oncology, offering novel
therapeutic possibilities that may overcome limitations of conventional treatments. One appealing approach
involves drug delivery systems (DDS) desigriecexploit the unique properties of tumor cells or thmilieu,
mirroring the benefits of localized treatments.

Nanoparticles (NPs) represent the "magic bullet" concept, selectively delivering therapeutic molecules to
tumor cells while saving healthy ones, reducing systemic exposure and adverse effects.

The most used magnetic NPs (MNPs) are the ones composed of iron oxide and obtained by synthetic
chemistry. In addition, a particular type of biomimetic MNPs (BMNPSs), synthetized in presence of the MamC
protein fromMagnetococcus marinddC-1, display interesting applications in cancer thetapy

Recently, BMNPs covered by a lipid layer bf-distearoylsnglycero3-phosphocholine, the swalled
LP(BMNPs), have been used as ’DBlamC protein plays a crucial role in the mineralization process of the
nanocrystafs and it also imparts a negative charge to BMNPs, facilitating their functionalization with
chemotherapeutic drugs like doxorubicin (DOXO)

Among targeting agents directed against tumor associated markers, hyaluronic acid (HA) is an anionic
glycosaminoglycan interacting with CD44 receptor that is overexpressed in several solid cancers and its aberrant
expression contributes to tumor initiati@md progression. So, the pleiotropic roles of CD44 in carcinoma
potentially offer new molecular target for therapeutic interveftion

Herein, 14800 Da HA has been linked to an aminated phospholipiedifgEnitoylsnglycero3-
phosphoethanolamine, DPPE) by reductive amin&tiand used in the production of HAP(BMNPS)
nanoformulations. BMNPs were synthetized, functionalized with DOXO, and then encapsulatetAn +/
conjugated liposomes obtaining HA-LP[(+/-DOXO)-BMNPs]. The obtained nanocomplexes were extensively
chemicalphysical characterized and the crystals inside the nanoformulations showed a rhombic shape, with a size
lowerthan2 0 0 n m, apotendia \alud andetheig effective functionalization with the different moieties
was confirmed.

In vitro biological tests were performed in red blood cells (hemolysis test) and with several cell lines of
human breast cancer (MDMB-231 and MCF7) and human ovarian cancer cell line (A2780). Biocompatibility
was analyzed by ROS production and MTT assay a#diA-LP(BMNPs) were not found to have cell toxicity.

The targeting ability of HALP(BMNPs) was evaluated on three cancer cell lines with high (NUBA
231), middle (MCF7) and low (A2780) CD44 expression. To this aim, the cellular interactions of the
nanocomplexes were assessed and the results showed thatatteeof HALP(BMNPSs) was significantly higher
in MDA-MB-231 cells, suggesting that the interaction of-E#njugated formulations is recepimediated.
Moreover,incubation of LP(DOX®GBMNPSs) with different cell lines exerted cytotoxic activity, increagdwn
HA is conjugated to the nanoformulations.

These promising findings show the potential of-HR(DOXO-BMNPS) as magnetic DDS pavitige way
for the development of powerfapproaches for cancer therapy.
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Infectious and degenerative eye diseases play a major role among leading causes of
blindness worldwide. Due to its anatomy and the direct exposure to the environment, the human
eye and the related structures are particularly vulnerable to fungal andipariesitions [1].

Fungal keratitis is a major cause of visual impairment in corneal diseases and its topical
treatment is still complex, often requiring additional intervention with injections or surgery.
Natamycin, a tetraene polyene which acts by binding to the main component of fungal walls
i.e. ergosterol, thus blocking fungal growth, is the main antifungal drug currently employed in
topical treatments. However, its low retention at the ocular surfadesearce penetration
across inner ocular tissues pose significant challenges [2].

Age-Related Macular Degeneration (AMD) is the leading cause of irreversible vision loss
in people over 60 years [3], characterized by massive production of vascular endothelial growth
factor (VEGF), which leads to excessive choroidal neovascularizatian.toffical use of
corticosteroids as aninflammatory agents has proven effective in decreasing permeability of
choroidal endothelial cells and VEGF expression. Triamcinolone acetonide is an angiostatic
steroid that showed efficacy against neovasculaozati various eye segments, yet its poor
water solubility and consequent low bioavailability limit its administration [4].

In this work, lipid nanoparticles (LNPs) are proposed as carriers for topical administration
of natamycin and triamcinolone acetonide, to enhance delivery and permeation capabilities as
eye drop formulations. Size, stability and surface properties of #@mosgstems were
characterized by Dynamic Light Scattering and Zeta potential, supramolecular structure and
carrier cargo interactions were investigated by Small AngleaX Scattering and Nuclear
Magnetic Resonance, whereas encapsulation efficiency wassasl by High Performance
Liquid Chromatography. Moreover, subsequent optimization of the synthetic procedure by
using a microfluidic apparatus for better reproducibility and scalability of the nanoformulations
is being carried out.
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Here, we present a detailed study of dark and bright modes in the visible aintfraeed
energy range for an inverted plasmonic honeycomb lattice by a combination -aff stetart
Au+ focused ion beam lithography, optical and electron spectroscupfinae-difference time
domain simulations. The lattice consists of slits carved through an Au thin film and exhibits a
plethora of resonances in the visible and me@ared ranges.

A detailed description of the charge distribution and Hfield enhancement has been
provided by virtue of the good agreement between the electron energy loss spectroscopy (EELS)
measurements (see Figure 1), the optical spectra, and simulations. Thennaokable result is
the finding of dark modes that may be caused by antiferroelectric arrangements of the slit
polarizations, giving rise to charge distributions with a unit cell two times larger than that of the
original honeycomb lattice (Figure 1b abel). Additionally, bright plasmonic modes exhibiting
hotspots far from the metal slits are also found. The studied plasmonic resonances take place
within 0.5 and 2 eV energy range, indicating that they could be suitable for designing nanoscale
sensing pldorms based on ne#ield enhancement over a metallic surface. Several energies
could be targeted by easily tuning manufacturing parameters such as the pitch of the lattice, thus
changing the spectral position of the plasmonic resonances. The poterlizdtiapg also
include the coupling of those dark modes with the discrete energies that characterize the
excitations of dyes and other molecules of interest.

(@) ey gy B gy (0 gy

Figure 1. Plasmonic modes measured in the lattice at three different energies. (a), (b) and (c) show
schematic representations of the charge distributions associated with a bright mode and two examples
of extended and local dark modes, respectively. Panels (é&nd€)) present the EELS mapping for
each of the modes depicted in the upper panels.
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Nanoelectrodes have been the subject of intensive research for déceadas, 2004)
Their enhanced signéb-noise ratios mean that they are capable of achieving unparalleled limits
of detection and sensitiviti€dSchmueser et al., 201Bpwever, their widespread adoption has
been limited due to their high manufacturing costs and fabrication methods that require expensive
facilities, such as cleanrooms. In this work a novel method of nanoband electrode fabrication has
been developed angtimised. Using equipment and materials commonly found in laboratories
around the worl d, the final cost of each nar
have been fully characterized and their performances mimic those of other nanoelecthales in
literature(Piper et al., 2018; Piper and Mount, 20184 a proof of concept these electrodes were
functionalized for the detection of DNA and were found to have single molecule detection
capabilities. The ability to fabricate ultrasensitive electrodes using commonplaeegdgw
laboratory equipment haselpotential to revolutionize the field of biosensors
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Abundant applications in the biomedical context have employe8l Agnoparticles (NPs)
as probes, demonstrating their enormous potential in the fie}®. iB@ chalcogenide material
of major interest due to its versatile structure and superior optical properties opening doors to
their use as multifunctional optical probes. Nevertheless, to exploit at maximum the versatility
of this material, it is necessato highlight the extreme importance of choosing carefully the
functionalization of these nanoparticles, due to the influence that surface properties have on
theirin vivobehavior.[1] Above others, PEGylation of nanoparticles is a widely used strategy
that provides good stability and biocompatibility in biological environments. However, size
and charge of the polyethylene glycol (PEG) chains affects the properties of the PEGylated
NPs, ultimately having a significant impact on the formation of theafled biological protein
corona. The latter consists of the agglomeration of proteins on the surface of the nanomaterials
when they are immersed in biological fluids, altering their physicochemical propenies,
which has been related to a decrease avfating capabilities and cellular uptake.[2]
Henceforth, a preliminarin vitro study of PEGylated A¢p NPs differing in charge, size and
grafting density was carried out, in order to systematically analyze the influence that different
functionalizations exert on their physicochemical and optical properties and their consequent
formation of protein coronadaving clarified the foregoing, rationally selected PEGylated
Ag>S NPs were employed for such diveirs@ivo applications as selectively targeted imaging
of acute myocardial infarct, luminescerzased transient thermometry in the liver or thermal
sensing for controlled brain hyperthermia. Looking more closely at one of the applications,
negativelycharged PEGwyted AgS NPs were consciously selectéat in vivo absolute
temperature monitoring of induced inflammation in the liver.[3}3\§Ps were revealed as
robust and reliable lifetimbased luminescent nanothermomeieryivo, with remarkable
thermal sensititty (~ 3 %-°C') and thermal resolution (< 0.3 °C). This opened the use 8 Ag
NPs asin vivo nanothermometry probes, and the intracorporeal temperature readout as a
physiological and pathological diagnostic indicator.
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Micro and nanoparticles that combine multiple functionalities are sought after in
biomedical applications {B]. In this work, we evaluate the capability of two types of
assemblies that have magnetic properties thanks to the presence of magnetitebinaisean
as local heaters while illuminated with infrared light. Specifically, we consider microgels
decorated with magnetite nanocubes [4] and nanoflowers composed of a gold core and
magnetite petals [1,5]. In both cases, we evaluate their capabiliiglittd-heat conversion
at the single particle level while they are trapped with an optical tweezers device [4,5]. In this
situation, the trapped particles are in a -eguilibrium steady state called Hot Brownian
Motion characterized by the temperaturatcast between the absorbing particle and the bulk
far from the particle, developing temperature gradients around the particle [6].

Microgels are soft systems comprised of crosslinked hydrogels that often exhibit
thermoresponsiveness and collapse above a volume phase transition temperature (VPTT). The
proximity of the VPTT to physiologicoawith tempe
their capability to carry cargo makes them very well suited to develop interesting applications,
including their use as dredglivery carriers, their potential applicability in the exploration of
synthetic cell research, the design of microswimntieas move thanks to the responsiveness,
and, more recently, to locally sense temperature [7]. In this work, we discuss the dynamics of
a composite made of a pNIPAM microgel decorated with magnetite nanocubes that can both
locally heat up and identify theigass of threshold temperature determined by the VPTT of
the microgel. Above a certain laser power, a single decorated microgel features a sharp volume
phase transition, i.e., occurs at a particular power value. Since the VPTT can be modified by
adding armphoteric and other functional groups to the microgel polymer network, the system
can be used as a local probe tuned to keep heating under a certain threshold that might be
identified as critical.

Further, we use the same technique to analyse the dynamics of multicomponent
nanoparticles composed of a gold core decorated with magnetite petals [5]. In this case, we
compare the temperature obtained from the analysis of the Hot Brownian motion va#h a lo
measurement of the temperature based on the photoluminescence of nanothermometers.
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The design and fabrication of innovative platforms able to imitate specific cellular environments in
which cells can properly survive, grow and replicate is of utmost interest for the future of biomedical
engineering. Among the biocompatible and bioingpireaterials as active components, microgels are
increasingly emerging as valuable candidates forapigications [1]. Here, we synthesized poly(N
isopropylacrylamide) (pNIPAM) and polyéhinyl caprolactam) (pVCL) microgels with different
crosslinking desities via precipitation polymerization. The resulting microgel dispersions were used to
selfassemble microgel monolayers at water/air interfaces and deposit them on glass substrates by
LangmuirBlodgett depositions. The physichemical parameters of e microgeladen substrates
such as spatial distribution and maximum height were examined by Atomic Force Microscopy (AFM).
We demonstrate that the microgel substrates, as well as bulk microgels do not impair cell proliferation.
Specifically, both substtas demonstrated effective control for cell growth, however only pNIPAM
films can be used to successfully detach cells. Interestingly, pVCL films showed high propensity to
adsorb proteins, allowing their possible application in diagnostics and/or th@sné#ally, we
demonstrate the crosslinking density and thus, height and swelling ratio were a key factor to determine
whether the proteins and cells could detach from the film easily.

Swollen microgel Collapsed microgel
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i T, ® Py
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Figure 1. The thermoresponsive microtgden surfaces induce different cell morphologies
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Over the recent decades, human activities have led to a substantial rise in global carbon dioxide
(COy) emissions. The Intergovernmental Panel on Climate Change (IPCC) predicts a 1.5°C warming
by 2030, which will have profound repercussions for our water systems, such as rising sea levels and
the extinction of various species [1]. The capture of this gasbkecome a scientific task in the past
years, and as a consequence, many strategies have been developed using different systems and porous
materials [1,2]. To make this strategies most effective, analytical methods with highly sensitivity and
specificityfor the detection of carbon dioxide in water bodies are needed.

Surfaceenhanced Raman Scattering (SERS) is a promising analytical tool for this purpose, owing
to its high selectivity and sensibility, being one of the most sensitive techniques currently available.
Additionally, it has other advantages that hold paldicsignificance in sensor development, as reduced
time requirements, cosfffectiveness and the potential forditu measurements. The fabrication of
highly efficient SERS substrates is intricately linked to the analytical applicability of SERS [&]r In
study, we selected gold nanostars as an optical enhancer, specifically because they highly concentrate
the electromagnetic field at their tips, generating high density of hot spots in a single particle [4].

Porphyrins have been also widely investigated in the past decades. They present excellent
physicochemical properties such as high internal surface areas and void volume. In addition, Porphyrins
have been studied for the fabrication of different porphyageldmaterials that act as nanoreactors for
the capture and conversion of £Q]. Thus, we chose 5,10,15;28&rakis(4aminophenyl) porphyrin
(TAPP), which is a basic pyrrole containing a macrocyclic cavity and a high number of amino groups,
as chemorecegr for the indirect SERS detection of €0

In this work we first investigated the behaviour of dissolved TAPP with the gold nanostars in
agueous solution in different pH conditions by Wig-NIR spectroscopy and SERS. Notably, TAPP
displayed an absorbance band centred at ca. 750 nm in neutrali¢opitconditions, which was in
resonance with the laser line used (785nm), leading to the phenomena of-enhaceed resonance
Raman scattering (SERRS). Understanding the behaviour of TAPP, the next step was the optimization
for the detection of C&in water. The identification and the potential quantification of BYDSERS
was performed by monitoring spectral changes of TAPP before and aftarap@ing. The results
demonstrated this strategy to be promising for developing a fast and very sensitive method to monitor
carbon dioxide dissolved in water.

Acknowledgments

The authors acknowledge funding from A FRONTrunner approach to Systemic circular, Holistic
& Inclusive solutions for a New Paradigm of territorial circular economy Project (FRONTSH1P, grant
agreement No. 101037031, financed by the European Union in theviak of the Horizon 2020
Research and Innovation Programme). {LRacknowledges funding from FCT (Fundacdo para a
Ciéncia e Technologia) for the Scientific Employment Stimulus Program (2020.04021.CEECIND).
References

[1] R. Siegelmaret al,, Nature Material20 (2021) 1060

[2] S.Kumaret al, J.Mater. Chem. A3 (2015) 19615

[3] J. Langeret al, ACS Nano14 (2020)

[4] I. Beceriil-Castro et al.Analysis & Sensing (2023) 202200005

XEEMZNAW] | ¢ 0¢T ¢ ApNEd RIAA 1NN WALE DINMINDT Y


mailto:bruna.alves@inl.int

NALS©2024

Nanomaterials Applied to Life Seiences ||| L1 LU LU LL LD LD LD LG LD L) L0 L L L

(P2 Biocompatible magnetopolymeric nanoparticles for antitumor
hyperthermia and photothermia therapies

Juan Rodriguéz Ana MedinaMorend, Marina LazareCallejort,
Guillermo R. Iglesias José L. Arias®#

Department of Pharmacy and Pharmaceutical Technology, University of Granada, Spain
“NanoMag laboratory, Department of Applied Physics, University of Granada, Spain
3Institute of Biopathology anBegenerative Medicine (IBIMER), Center of Biomedical Research

(CIBM), University of Granada, Spain
“Biosanitary Research Institute of Granada (ibs.GRANADA), University of Granada, Spain

pijlarias@ugr.es

In this work, arin vitro study was conducted on the photothermal and hyperthermia capabilities
of magnetite/poly(butylcyanoacrylate) nanoparticlesCe#BCA NPs). These NPs can generate high
temperatures in response to photoluminescent and magnetic stimuli with the aim of selectively
damaging cancer cells. The magnetic properties of the NPs allow for their targeted delivery to a specific
area, easily cobinable with other antiumor strategies. Biocompatibility was assessed through
hemocompatibility andytotoxicity assays.

The premise is based on the understanding that t
[1]. The hyperthermia study was conducted under conditions of high frequency (167 kHz) and low field
amplitude (17 kA/m) on a dispersion of 10 mg/mL ef®/PBCA NPs. This resulted in a temperature

increase of approximately 10°C, surpassing the mentioned threshold if starting from physiological
temperature. Regarding the photothermal study, an 850 nm laser with a maximum power of 1 W was
used on a dispaomn of 10 mg/mL of FegOJ/PBCA NPs, applying laser power in the range of 15 to 55

% of the total capacity. Results indicated that starting from 35 % of the power, the threshold of 4°C
necessary to selectively damage cells was exceeded [2].

Biocompatibility of the NPs was demonstrated throaglvivostudies, and cytotoxicity was assessed

using the MTT colorimetric method. The test was evaluated in @umaral cell line and another

tumoral cell line. The selected healthy cell line was normal human colon fibroblastd &@Mile the

used tumoral celine was the 84 human colon carcinoma cell line. In both cell lines the relative cell
viability was a 100 %, s o there were no evi de
hemocompatibity the NPs added to anticoagulated blood samples from healthy volunteers. Hemolysis,
platelet activation, complement system activation, and plasma recalcification time were measured. All

the results were like those obtained in the control test, thisestigg the blood compatibility of the

NPs.

Proof of concepts has been successfully done to th@/PBCA NPs suggesting adequate
biocompatibility and heating properties for antitumor hyperthermia and photothermia therapies.
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In this study, a method for formulating nanoparticles (NPs) with magnetitg©4Feores
coated with polyjutylcyanoacrylate) (PBCA) is presented. Iron oxide cores are widely used
in the biomedical industry due to their magnetic responsiveness, high biocompatibility and low
cost [1].

The formulation relied on surface polymerization, using oleic acid to functionalize i0e Fe
cores, followed by the addition of butylcyanoacrylate monomer in a 3:4 weight ratio in acetone.
Reproducibility was demonstrated with triplicate measurements, resulting in a size of 243.25
+ 24.99 nm, a surface charge-55.92 + 3.75 mV, and a yield o182 + 1.72 %.

The hybrid nanostructure was characterized qualitatively by measuring the electrokinetic
properties of the colloids. The zeta potent.
like those of pure PBCA. This conclusion was confirmed by charactetizihnge ¢ v al ues
hybrid NPs, PBCA, and E@; under varying pH and ionic concentration conditions. In both

cases, it was disserved positive trend corresponding to @ REs and a negative trend
corresponding to the hybrid and PBCA NPs. Furthermore, iéemansform infrared
spectroscopy revealed characteristic peaks of cyanoacrylates and a band corresponéing to Fe

O gr oup 1§ fe& hécore/shell NPs.

Magnetic properties of the §@/PBCA NPs were demonstrated through hysteresis loop
analysis; initial susceptibility & 0.732 N O
A reproducible methodology was developed to obtainOFEBCA (core/shell) NPs
characterized by an adecuate magnetic responsiveness for biomedical applications.
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Hydrogels can be considered as thd@aensional, hydrophilic networks of flexible polymer
chains swollen by water or other fluid. Being are soft and capable of retaining large amounts of water
they closely resemble living tissues. Mainly for that reasgirdgels are considered as particularly
promising materials in the rapidly developing field of tissue engineering as matrices for replacing and
regenerating different tissues and organs.

Short peptides are an example of hydrogelators which can form supramolecular structures as a
consequence apecific and local interactions of molecules themselves. These molecules undergo self
association usually forming hierarchical structures at the nanoscale or at the macroscale [1]. Among
many hydrogelators, {B-Fluorenylmethoxycarbonyl).-phenylalanineEmocFF) is one of the most
frequently used.

In this study, iron nanoparticles have been modified to get hydroxyl and amine groups onto their
surface. It was shown that the final properties of supramolecular magnetic hydrogels can be affected by
the interactions between functionalized nanoparticies taydrogelator molecules. DFT calculation
clearly showed that attractive interactions between carbonyl group of theFmard protonated
amine group may results in structural rearrangement of ffaoolecule.

Fluorenyl-9-methoxy-

O / carbonyl group (Fmoc)
O 0

o_N_M OH

TN
i H

Phenylalanine-
phenylalanine dipeptyde (FF)

Fig. 1. Formula of Fme&F molecule (left), resulting magnetic hydrogel (center), micrograph of
the hydrogel structure by ESEM microscopy; the s

Those interactions and resulting rearrangements are linkedthwitetructural and mechanical
properties of the final magnetic hydrogels, while keeping their biocompatibility unchanged, when
compared to nemagnetic Fmod-Fbased hydrogel. The collected results show the important role of
the surface layer of nanopatés dispersed in the hydrogel in governing the macroscopic properties.
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Magnetic resonance imaging (MRI) stands out as aimaxsive technique, with high spatial
resolution and detection depth, which is often used for medical diagndstm® are two imaging
modalities of MRI, involving longitudinal (Tveighted MRI) and transversal (W2eighted MRI)
relaxation modes. Their integration (T1 T2 bimodal MRI) can overcome individual drawbacks and
provide great potential for precise cliniaihgnosis. MRI presents however a disadvantage related
with its low sensitivity, which isolved with the use of contrast agents (CAs). CAs for dudiZWMRI
are based in superparamagnetic iron oxide NPs (T2 contrast) with a Gd (complexes or oxide) (T1
contrast) on the NP surface. An interesting alternative to these dil@ TAs are those ewisting of
paramagnetic NPs based on the combination of Gdl CA) with other lanthanide ions of high
magnetic moments (T2 CAs), such as*H®y?*, Tb** and EF*. Their advantag with respect to the
former is that the presence of these ions confers additional functionalities that make them also useful
for luminescence bioimaging, and therefore gives them the ability to act as multimodal probes. Several
nanoprobes based on thisndmnation have already been published, most of them consisting of a
fluoride matrix which show different drawbacks related to their low chemical stability which negatively
affects their properties and their biocompatibility.

In this study, we report the synthesis of uniform NPs based on a phosphate matrix, known for
its high biocompatibility, containing Gtland Dy** ions as T1 and T2 active ions, respectively. NPs
with two different architectures, guarecipitated and corghell, were synthesised to analyse the
influence of the Gd and Dy location on the magnetic relaxivity of the resultant CA. The NPs were
synthesizedhrough homogeneous precipitation in butanol, using lanthanide precursors that allow a
controlled release of tians, which contributes to NPs uniformity. The coprecipitated NPs were
fabricated with Gd and Dy uniformly distributed in the phosphate matrix while thesheleNPs were
fabricated from Dy phosphate cores by depositing a Gd phosphate shell on topor&kkell
architecture showed the best magnetic properties in terms of longitudinal and transversal relaxivity
likely due to the spatial separation of the active ions, which avoid magnetic quenching. These NPs were
successfully doped with Nd3+ ions, shagriemission in the infrared region. These properties, together
with their good dispersibility in water and in phosphate buffer saline make them ideal candidates as
multimodal CAs for TiT2 dual mode MRI and luminescent bioimaging.
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One of the challenges in the field of droplet technology is the practical manipulation of
droplets without physical contact. One potential solution to this problem would be to
compartmentalize fieldesponsive nanoparticles within the droplet microarchitec Our
goal here is to confine magnetite and gold nanoparticles in specific subsites within droplets not
only to make them fieldesponsive, but also to create an asymmetric response to external fields
and/or allow for fieldinduced reconfigurability. \& select magnetite and gold nanoparticles
that respond to external magnetic fields and laser irradiation, respectively. The strategy focuses
on preparing watein-oil droplets with internal phase separation and partitioning of
nanoparticles in each subpbkaghis is achieved through mixing solutions of polyethylene
glycol (PEG) and dextran as the aqueous phase of the droplets. At specific concentrations, these
two polymers phaseeparate resulting in Jansisaped droplets [1]. To compartmentalize gold
and nagnetite nanoparticles within the PE@nd dextrafrich phases, gold nanoparticles
covered with PEGhiol polymer and magnetite nanoparticles functionalized with dextran
polymer [2] are synthesized to enable preferential encapsulation withisriBfc@nd @xtran
rich phases, respectively. To demonstrate the response @f dneglets to external fields, we
perform experiments where heat is generated by application of alternate magnetic fields (i.e.,
hyperthermia) and/or laser irradiation (i.e., photothejnto test for potential synergistic
heating capability by the gold and magnetite domains within the droplet. We also observe the
internal reconfigurability of the droplets induced by temperature changes, aickaaify
ability by using an optical micrespe. Through this approach, we have demonstrated the
tunable confinement of field responsive nanoparticles within microdroplets, their response to
the application of external fields, and heatuced reconfigurability, which have the potential
for applicdion in fields such as active matter or microreactor technology.
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Graphene oxide (GO), a derivative of graphene, has garnered significant attention in the field of
material science due to its unique properties. As adiwensional carbebased material, GO exhibits
remarkable mechanical, electrical, and thermal chaistits. One notable advancement in the
utilization of graphene oxide involves laser scribing techniques. Laser scribing techniques are employed
to fabricate electrodes based on rGO, enabling the development of extensive surface area platforms that
can inorporate metal nanoparticles. The synergy between rGO and metal nanoparticles yields
electrodes with superior electrical properties, making them ideal for sensing and biosensing
applications. This synergy arises from the laser's ability to provide erwrthefreduction process and
the unique properties of nanoparticlecorated rGO. The reduction process involving exfoliation
further contributes to the electrode's shape, facilitating its transfer to a suitable substrate. These
electrodes are optimal fdsiosensing due to the presence of metal nanoparticles, which can be
functionalized with bioreceptors specific to the target to be detected.

This study demonstrates the use of electrodes made of rGO decorated with gold nanopatrticles to detect
the concentration of an antibody, which has interest in cancer diagnostics and therapy. Capacitance is
employed as a frelabel electrochemical measurerhapproach.

9 < Gold nanoparticles (different sizes)

Target

Bioreceptor

Figure 1. Schematic of the working electrode made of rGO decorated with gold nanoparticles,
which has been functionalized to detect an antibody.
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In recent years, an increase in the prevalence and mortality of gastrointestinal cancers has been
observed, mainly due to the increase of unhealthy lifestyles among other causes [1]. This, together with
the limited effectiveness of current treatments, lighlighted the need to investigate new and more
effective therapies that improve the quality of life of patients. In this context, nanomedicine has emerged
as an alternative or complementary approach to manage cancer disease. In particular, magnetic
nanoprticles may be used for both diagnosis and treatment of cancer, due to their peculiar
physicochemical properties, such as their ability to increase temperature under exposure to an external
alternating magnetic field (AMF) for hyperthermia therapies J2le purpose of this study was to
demonstrate that the application of magnetic nanopatiased hyperthermia improves the treatment
of gastrointestinal cancers. For this, an analysis of the most recent studie2Q2@)3n which
magnetic nanoparticlesigjected to an AMF were used as a treatment for gastrointestinal cancers, both
in vitro andin vivo, was performed. The results obtained showed an improvement in treatments after
the application of nanoparticleediated hyperthermia therapy, evidencing synergies with
chemotherapy treatments [3] and increases in apoptosis values [4]. Furthermorepgomgbiibility
was observed in 95% of tlie vivotests [5]. In conclusion, magnetic nanoformulations may increase
tumor cell death in gastrointestinal cancer, becoming a promising option to improve existing treatments.
In addition, more studies are recdrto validate these findings.
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Poly(lacticco-glycolic acid) (PLGA) nanoparticles are considered as biocompatible both by the
U.S.Food and Drug Administration (FDA) and the European Medicines Agency (EN&)ertheless,

such nanomaterials could cause some wundesired
interaction of nanostructures with the immune cells could lead to unexpected effects, especially if
microorganisms are present in the tissues of patients to whom nanoparticles are administered. In this
scenario, we observed an increase in the secretidh-82, IL-6 and TNFU i n Dendriti c
stimulated with R848, an event known as €he fdApr,|
We also assessed that bare nanoparticles indbiggr@luction by resting monocytes and enhance the
formation of this a d i c-glucanstimulafed monocytésDendritic cells are involved in modulating

the adaptive immune reaction and the inflammatory process to combat pathogenic microorganisms,
while monocytes are heterogeneous cells circulating in the blood that initiate and propagate the immune
response bphagocytosing pathogens and releasing chemical mediators. Oxyresveratrol is a polyphenol
extracted fromArtocarpus lakoocha Roxb. heartwgod a p |l ant k nownHaiand 6T haanidl a |
used in traditional medicine.h& antiinflammatory effect of oxyresveratrol is mainly attributed to
downregulation of prénflammatory cytokine productidnit has also been reported as a good
antioxidant, equipped with ROS scavenger acfivijoreover, compared to resveratrol, the additional

OH- group should increase the biological effect. We investigated if théndlatnmatory and the ROS
scavenging activity of oxyresveratrol, were able to mitigate thénflammmation and ROS production

upon nanopatrticles interaction with both Deitic and Monocytes cells, once it was incorporate into

PLGA Nanoparticles. Our finding suggests not only that the polyphenol reduc€ thieiridg the
cellul ar upt ak eglucafistinuatediMomoeyted butritgan also dontfast the unwanted
release of pranflammatory cytokines by Dendritic Cells, due to a synergistic effect of nanopatrticles

with microbial agents that could Ipeesent in the patient tissdé©n the one hand the encapsulation

of the polyphenol in PLGA increases its effgetiess and bioavailability and oxyresveratrol mitigates

any dangerous effect especially if the nanoparticles are administered to patients with an overstressed
immune system.
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The lack of sensitive and affordable assays for early diagnosis and recurrence of triple
negative breast cancer (TNBC) is the most important obstacle to curbigritdity [1]. In
this context, liquid biopsy (LB) has emerged as an alternative to conventional tissue biopsy for
cancer diagnosis. In the field of liquid biopsy, research on the detection and analysis of proteins
in biological fluids as tumour biomarkeis particularly relevant. The development of
innovative platforms that can detect tumour biomarkers and confer certain advantages over
currently available systems is of great interest to find patterns that improve the early diagnosis
of cancer [2].

In this context, this work addresses these challenges by developing a nanotechnology
platform for the detection of new tumour biomarkers, implementing an innovative tool such as
mass cytometry [3]. This approach will allow the development of specificteeand easy
to-use diagnostic tests based on the use of stomleain antibodies (sdAbs) conjugated to
nanosystems with high affinity and specificity against new tumour biomarkers [4]. In
particular, a diagnostic tool for TNBC (with both prognostic eatund predictive value for
response to new therapies) is under development.

A stateof-the-art immunoassay platform based on nanoparticles has been developed. The
optimization of the bioconjugation of the antibodies to the nanoparticle has been successfully
carried out. A physicochemical characterisation of these stiidsshas beeaccomplished.

The detection efficiency of tumour biomarkers and the affinity and the specificity of the VHH
metalonanoplatform has been evaluated by mass cytometry using spiked samples. Next steps
will be focussed on the validation of detection effickensing patient samples.
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In the framework of lithiurion battery waste valorization, it is necessary to address
recycling as an essential activity to mitigate the environmental impact derived from these
wastes. A novel and sustainable alternative for the recovery of valuablentdeimehe
effective separation of the cathodic and anodic parts through the flotation process. Flotation is
used to remove graphite (hydrophobic), from the froth, and obtain lithium metal oxides in the
tailings, however, a layer is generated around thecjes, which is composed of traces of
electrolyte and organic binder that alters the wettability of the particles, resulting in reduced
recoveries [1].The present study focuses on evaluating different variables associated with
surface phenomena that affféhe flotation process, its operational parameters and the effect of
thermal pretreatment associated with the release of its components. To achieve this, the
methodology employed starts with the discharge by chemical deactivation. Subsequently, the
process of dismantling and classification of the components is carried out to obtain the "black
mass" material made up of lithium metal oxides (cobalt oxide) in the cathodic part and graphite
in the anodic part. Finally, the material is taken to calcinatigomipeess prior to flotation, to
effectively eliminate the traces of electrolyte and organic binder and the remaining material is
characterized by measuring its electrophoretic mobility and zeta potential [2]. The results
obtained cover the temperature antktramps necessary for the decomposition of the adherent
material contained in the solid matrix. When performing the characterization by
thermogravimetry, a weight variation in the sample composition was evidenced in two
temperature ranges. In the caseha electrolyte, it decomposes by 1.21% from 0 to 200°C,
while the organic binder undergoes a reduction of 3.75% in the temperature range from 200 to
500°C. These results are complemented by Muffla oven tests at different times, revealing that
7.5 minutesat a temperature of 500°C are required to achieve complete decomposition of the
traces. As for the zeta potential and electrophoretic mobility measurements, it is observed that
the cobalt oxide samples and graphite are stable at pH 8 or higher. Howevagdk mass
shows an increase in potential at pH 10, indicating that, for flotation, the optimum condition
should be at pH 8.
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Upconversion luminescence (UCL) lifetime is a fundamental magnitude in multiple applications,
such as biosensing, bioimaging, and contactless temperature probing. Due to the complex energy level
structure of upconversion nanoparticles (UCNPs) and the adeeeergy transfer pathways to
depopulate and repopulate ion levels, UCL lifetime cannot be directly ascribed to the decay time of the
emitting levels. In fact, recent studies have shown that UCL kinetics can be modulated by changing the
excitation paramets [16]. These results claim the necessity of reassessing UCL lifetime concept, not
only from a fundamental point of view but also for its applications. With this aim, we measured the
behaviour of UCL lifetime, as a result of modifying the excitatios@width, at different laser powers.
For this study, we used watdispersed 37 nm Na¥fYb*",Er** UCNPs coated with a protective
polymer shell (PS/PMMA) [7]. Our results indicate that UCL lifetime rises with excitation pulse width,
this change being more significant for higher laser powers. These results have been theoretically
reproduced by using aate equation model which allows us to predict the implications of this
phenomenon in Forster resonance energy transfer (FRET) based biosensing.
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Gold nanoparticles have garnered a great deal of attention for biomedical applications.
Depending on their size, shape, and local environment, gold nanopatrticles can appear red, blue,
or other colors. These visible colors reflect the underlying cohereifittiens of conduction

band electrons ("plasmons") upon irradiation with light of appropriate wavelengths. These
plasmons underlie the intense absorption and elastic scattering of light, which in turn forms the
basis for many biological sensing and inmgpgiapplications of this nanomaterial, such as
biomolecule detection via surfaeehanced Raman spectroscopy (SERS) or molecular
diagnostic through photoacoustic imaging.

Gold nanopatrticles are also characterized by strorrgyXabsorption due to their inner
electrons, making them an ideal contrast agent for computed tomography (CT) imaging. In this
work, we present the synthesis and surface functionalization of-s@ltéte, stable, and
noncytotoxic gold nanoparticles with superiorra§ attenuation properties compared to
clinically used iodinated small molecular contrast agents. Pharmacokinetics studies confirm a
prolonged hakdecay time of 11.2 hours in rats. The systhed gold nanoparticles enable
efficient and enhanced blood pool CT imaging with imaging times up to 12 hours, making them
a promising contrast agent for effective CT imaging.
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Human activityis not the only cause of pollution worldwidgasonal biogenic toxicity is also
found to be widespread in water resources, soils and ultimately in the food chain, causing
disease in animals and humans, thus producing numerous economic losses.

Cyanotoxins are secondary metabolites from cyanobacteria that are toxic to living organisms
including humans and found highly dissolved in water due to the low efficiency of conventional
wastewater treatment processes. Therefore, alternative innovatigeireraants should be
implemented to avoid their biotransformation. A complementary method for toxin removal has
been investigated, which consists in the use of nanostructured magnetic beads made from
biopolymers, magnetic nanoparticles, activated and mesogaarbon.

Experiments have been carried out to study the nanomaterial efficiency and pH effect in the
adsorption of microcystibR, cylindrospermopsin, and anatox#n The amount of toxin was
guantified using ultrdnigh-performance liquid chromatography coupled to tandem mass
spectrometry (UHPLEMS/MS). The results show that activated carbon and mesoporous
carbon are effective matials to capture cyanotoxins from water. This effectiveness could be
owed to the pore size of the adsorbent material, since mesoporbas amore effective in
removing higher molecular weight molecules and activated carbon with smaller ones. In
addition, adsorption effectiveness is influenced by water pH, which is probably due to electrical
charges.

In conclusion, the use of magnetic beads coated by activated carbon or mesoporous carbon can
be an effective method of removing cyanotoxins from water and improving drinking water
safety, although more studies are needed to evaluate this effectiventhes tyanotoxins.
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Hydrogels and magnetic nanopatrticles offer a wide range of possibilities for innovative
therapies in biomedicine, including those in neural regeneration, that can be stimulated using
an alternating magnetic field (AMF). In this study, we have designedidhyimplants
integrating natural polymers, such as collagen, chitosan and hyaluronic acid, to provide soft
and flexible 3D networks able to mimic the extracellular matrix of natural tissues and iron
oxide nanoparticles (IONPs) that deliver localized heamdubjected to an AMF [1, 2]. The
impact of AMF stimulation on cell viability and neural differentiation was investigated using
primary neural cells.

Results indicated that the exposure of primary neural cells to both petyrated IONPs
and magnetic hydrogels preserved cell viability and neural differentiation, even at the highest
tested dose (0.1 mg Fe/mL). This effect was consistent across vapatirsgctypes, and
notably, there was an enhancement of neuronal interconnectivity even at lower IONP doses.
Incorporating IONPs into the hydrogels modulated their physicochemical properties and
endowed them with responsiveness to an external magneticXaddionally, these materials
demonstrated the ability to maintain high neural cell viability and support the formation of
intricate and wellifferentiated neuronal networks. When evaluated under an AMF, cell
viability was slightly diminished with respeto control hydrogels magnetically stimulated, but
not in comparison to their counterparts without stimulation. Neuronal differentiation under
AMF was only affected on collagen hydrogels loaded with the highest dose of IONPs coated
with HA, while nonneuonal differentiation regained control values. In general, hydrogels
containing chitosaicoated IONPs exhibited superior performance, possibly owing to their
elevated nanomechanical fluidity.

In summary, our nanocomposites allowed the formation of viable and highly
interconnected neural networks. Hence, next steps will focus on the release of bioactive
molecules to improve neuronal network formation and maturation and to control inflammation
processes.

Acknowledgments

This work has been supported by Grant PID2028480RB100 funded by

MCI N/ AEI'/ 10.13039/5011000121033/ and from tF
research and Innovation program under grant agreement No. 101098597. Please, visit us at:
https://www.piezo4spine.eu/

References
[1] Acta BiomaterialiaUnder review.
[2] E. Benayaset al. ACS Appl. Materinterfacesl5 (2023).

xXEEMZNAW] | ¢ 0¢T ¢ ApNEd RIAA NN WALE DN Y


mailto:puerto@icmm.csic.es
https://www.piezo4spine.eu/

NALS©2024

Nanomaterials Applied to Life Seiences ||| L1 LU LU LL LD LD LD LG LD L) L0 L L L

(P16 Controlled synthesis of magnetoplasmonic aggregate
nanoparticles forbiomedicine

Ménica Dhanjarli, César del Valfe, and Gorka Salds

YIMDEA Nanociencia, C/Faraday 9, Campus Universitario de Cantoblanco 28049 Madrid,
Spain.

pmonica.dhanjani@imdea.org

The main objective of this work i® create hybrid nanomaterials with magnetic and
optical properties of interest in biomedicine. Iron oxide nanoparticles allownmasive
manipulation and remote actuation (using magnetic fields). They can be used as contrast agents
in magnetic resonanaémaging (MRI) and for magnetic heating (using AC magnetic fields) in
magnetic hyperthermia. The presence of gold nanoparticles provides a surface plasmon
resonance with a significant and tuneable optical absorption in the visible. These properties are
usdul in photothermal therapy, where localized heating is accomplished via light irradiation
[1]. At the same time, SERS (surfagehanced Raman spectroscopy) can be used for the
detection of chemical and biological molecules.

Magnetoplasmonicwater ol ubl e aggregates of nanepartic
FeOs) and 31nm (Au) were obtained through a new route in two steps. Firstly, magnetic NPs
were obtained through Massart coprecipitation [2], followed by DMSA coating. The second
step is based in a Turkevich modification where the reduction ¥fdacurs simultaneously
with the atFe@ascuiface nThe damoplesocombine superparamagnetism with
plasmonic properties (Fig. 1). In biomedicine, they can be usedgerthgrmia (magnetically
or optically stimulated), contrast enhancement in MRI, and for SERS detection. This synthesis
route is simple, it allows controlling the optical properties through the amount of deposited Au
and yields the product in the gresnale

Characterization of the size, shape, composition, relaxation times for MRI, magnetic
heating, U\WWis Raman spectroscopy will be presented, as well as toxicity studies inflMCF

cell line.
M
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Figure 1.a) TEM images of MNR&AUMNPSs. b) Powder XRD pattern of the synthesis
MNPs and AuMNPs. c) UWis absorption spectrum of MNPs and AuMNPs. d) Magnetic
field-dependent magnetization, M(H), of MNPs and AUMNPs.
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Introduction: Covalent organic frameworks (COFs), have several interesting characteristics that make
them very good delivery systems for bioimaging and emerged as ideal candidates for biomedicine and
related fields. Photoacoustic imaging allows molecular and functional imaging in any biological
medium? Using exogenous contrasts (typically gold nanoparticles) can improve the quality of the
images obtained and be used as biomarkers for specific pathophysiological*talgetsver, their
accumulation causes oxidative stress and can lead to permanent cellular dantkigework, we
explore the feasibility and potential of utilizing two types (TAPBA and LZU1) of covalent organic
framework nanoparticles (nCOFs), whiare 100% organic materials, harmless to the body and
biodegradable, as exogenous contrast agents for photoacoustic imaging.
Results and discussionnCOFS and MCM41 conjugated with ATTO532, used as references, were
developed to quantify the photoacoustic response (PA) of each sample. Two experiments were
conducted: (i) all samples at a concentration of 0.1 mg/mL, which is the maximum concentrt@on of
NPAu (commercial standard) and (ii) increasing the concentration of the prepared materials within a
range from 0.1 mg/mL to 5 mg/mL. While organic samples yield lower PA responses compared to the
NPAu, both the organic networkanoparticles LZUL and TAPBPDA, as well as the ATTO532
labeled MSNs, demonstrate significant potential as exogenous contrasts in photoacoustic imaging. They
demonstrate a response level close to the reference.

Recelver probe

Axcimlun

Figure 1. Schematic illustration of the experimental setup used.

Conclusions: The obtained results highlight TAPBDA and LZU1 nanostructures as highly
promising contrast agents in the field of photoacoustic imaging due to their extensive response,
biocompatibility (as organic network nanoparticles are harmless to the orgamdmlide therapeutic
window. This enables an increase in the administered injected dose without side effects
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Introduction: Stimuli-responsive systems (SRSs) have been developed to provide accurate spatial and
temporal control of molecular release, limiting undesired effects on healthy tissue and maximizing
therapeutic activity in the regions of interest (RGIb).particular, lightdriven drug delivery systems
(DDSs) are categorized into three groups: photothermal, photochemical, or systems activated by
photoisomerizatioR. Within this last group, azobenzene stands out as the most commonly used
photoisomerizable molecule due to its possession of two isotrersandcis, which can interchange
reversibly through rotation around tHé=N- bond. We here propose a conceptual change by shifting
photoswitching activity from the vehicle (nanoparticle) to the loadyjdiCthe molecule to be delivered
is trapped within a porous nanoparticle and its release is accomplished through a photoisomerization
process.

*

PHOTOISOMERIZATION

v NO \
Trans / Cs RELEASE
\ 5( r‘

Figure 1. Schematic illustration of theis-trans photoisomerization as a dragntrolled release
mechanism.

Results and discussionThis proofof-concept study was developed in three stages: (i) molecular
design and synthesis of a photoswitchable CPT prodrug; (ii) tailoring the pore structure of porous silica
nanoparticles for controlled prodrug loading and release mediated by Wdiaiioa; and (iii) in vitro
validation of the DDS in several human cancer cell lines.
Conclusions: By synthesizing photoswitchable prodrugs and precisely tailoring the pore structures of
mesoporous silica nanopatrticles, drug loading and release was controlled through photoisomerization.
The azobenzene moiety requires the use of UV light, with lowestgsion in tissue efficiency, which
has potential at in vivo applications over skin cancer. However, irradiation in thel dp@ctrum has
a good safety profile, and it may be possible to treat internal tumors using an endoscope particularly
considering the high degree of specificity for this method.
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Traditional hyperthermia is often used in combination with chemotherapy or surgery in cancer
treatment. Unfortunately, side effects are usually observed, mainly due -&pedific application.
Therefore, magnetic hyperthermia naherapy (MHT) has emerdeas a promising solution. MHT is
based on the intrinsic ability of magnetic nanoparticles (MNPSs) to accumulate in the tumour and respond
to alternating magnetic fields (AMFs) by releasing heat.

There are some key parameters to achieve a successful MHT. First, the intrinsic properties of
the MNPs, such as, size, shape, synthesis method or coating. Second, the equipment properties,
basically, the frequency and intensity of the applied AMFs. Findily biological properties, which
include heat tolerance of the cell line and MM# interactions.

Not all MNPs, equipment operating conditions or cell lines are good enough candidates for use
in MHT, and the selection and combination of these parameters will be critical in the development of
this anticancer approach. In this work, different shapess sgy/nthesis methods and MNPs coatings
were evaluated at different AMFs intensities and frequencies, based on their Specific Absorption Rates
(SAR) values, a method to determine their heat release capacity. Finally, the best combination of MNP
and operatig conditions was testedimvitro MHT experiments using different tumour cell lines, and
cell death was analyzed by annexin V/PI in flow cytometry experiments.

1) Synthesis of 2) SAR values on different 3) Testing on different
different MNPs AMFs conditions tumour cell lines
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Annexin V

Complete process workflow: from MNpnthesis to in vitro therapy
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Endothelial dysfunction and inflammation are key process in atherosclerosis, both of them
closely related to the cannabinoid receptor type 2 (CB2). Due to CB2 possess anti
inflammatory properties, receptor agonists can be considered as a new potetrtiahtrEH.
However, cannabinoids have unfavorable physicochemical properties, such as high
lipophilicity, or low bioavailability. Therefore, new delivery systems are needed.

In this study, a novel CB2 agonisanoplatform has been developed as selective
cannabinoid delivery system for atherosclerosis treatment, targeting VL ANMlecules
present in the va€awuy aph¥kBN e ahigbly\volatimesp&dl] . b
oil, making it challenging to encapsulate. The aim of this work is to optimize the formulation
of this drug based on previous strategies [3].

Nanoparticles (NPs) were produced by nanoprecipitation method [4] using a mixture of
PLGA-PEG and PLGAPEGMal pol ymer s and c eOkN. @aheWGAMg 30 %
1 binding peptide (VCAML BP) was conjugated on NPsd6 surf

NPs exhibited a spherical morphology, with a diameter around 230 nm and a narrow size
di stribution (Pdl a4 0.209). The encapsul atio
after the peptide conjugation. Nanocarriers were successfully coupling with VCBM
(CE% a&a 71). Addi tional |l y, AJresersaton solitonstwéree i r s
tested, yielding a favorable result the combination of trehalose and PfuFe6&:
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Nanoencapsulation has emerged as a recent improvement in the delivery afftietigs,
and improving stability and bioavailability, and allowing for the controlled and targeted
delivery of substances to specific cells or tissues [1]. However, traditional nanoparticle delivery
faces challenges such as short circulation time and iramegognition [2]. To address these
issues, cell membraremated nanoparticles have been proposed as a promising alternative.

The production of cell membraio®ated nanoparticles involves three key stages: cell lysis
and membrane fragmentation, membrane isolation, and nanoparticle coating. Before starting,
source cells are decided according to the target tissue. Afterward eoeliranes are typically
fragmented using hypotonic lysis in combination with homogenization or sonication.
Subsequent membrane fragments are isolated through multiple centrifugation steps in which
the other cellular contents are discarded. The coatingnaipaaticles can be finally achieved
through extrusion, sonication, or a combination of both methods.

This analysis shows the absence of a universally applicable method for nanoparticle
coating, as the three stages exhibit notable differences in their procedures. Here we review
ongoing developments and approaches to cell memio@ated nanoparticles thadsition this
technology as a promising alternative for effective targeted drug delivery and many other
therapeutic applications.

4 \’ sas .
® 4\.. Cell Iysis \: (“" Membrane fragments Addition of nanoparticles ‘
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Figure 1. General procedure of cell membrane nanoparticle coating.
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In the last decades, activities related to the exploitation of natural resources and industrialization
have had a significant impact, resulting in an increased presence of emerging contaminants (EC) in
water, soil, air, and vegetation. These contaminaeta@ currently addressed in routine environmental
control programs. However, the risks of lelegm exposure associated to these compounds are well
known, including prenatal mortality, diabetes, neurological or degenerative issues, and reproductive
issues. These compounds include a wide range of substances, from pharmaceuticals and antibiotics to
hormones, pesticides, nanomaterials, and endocrine disruptors (EDCs), among others. (1) Despite the
lack of regulation, there is a growing concern regardingtBsence of antibiotics in water resources,
mainly because their excessive and improper use in humans and animals is leading to the development
of antibioticresistant bacteria. World Health Organization (WHO) identifies antibiotic resistance as a
major tlreat to global public health. It is therefore imperative, to address this socioeconomically
relevant issue, focusing specifically on the removal of emerging contaminants in water, with a particular
emphasis on wastewater. (2)

Therefore, one of the main challenges in the field of wastewater treatment nowadays lies in the
development of innovative and efficient tertiary treatments for the removal of ECs. Among different
approaches, there has been growing interest towards théogleeamt of immobilized enzyme
technologies because they are more economical, effective andriesxily. Specifically,
oxidoreductases have generated extraordinary interest attributed to their ability to catalyze reactions of
a wide variety of undesirabpmllutants. Immobilization of enzyme can enhance its catalytic efficiency,
improve storage and operational stabilities, as well as allow enzyme recovery and reusability. (3)

In this work, engineered biocatalysts supported on magnetic substrates have been developed in
order to eliminate ECs from wastewater. The developed biocatalysts are based in a magnetic magnetite
core and a mesoporous zinc oxide shell, where an oxidoreduetyme has been immobilized
through chemical interactions. Optimization of the synthetic routes of 8a@a@&&nO cores has been
carried out through chemical qoecipitation method followed by a facile sadsembly synthetic
procedure, obtaining maginehanoparticles with an average size of 15 nm, amagnetization of 70
emu/g. The optimized nanoparticles have been used as a base for laccase immobilization by surface
modification of F&s0.@Zn0O cores, leading to monodisperse nanostructured syskbeis.catalytic
activity has been analyzed in a model system evaluating EC degradation by HPLC, verifying that the
activity of the biocatalyst is maintained after its recovery.
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Worldwide, 844 million people lack access to drinking water andure availability and
sustainable management of water and sanitation foriglthe basis of SDG 6 "Clean water and
sanitation" of the United Nations. Heterogeneous semiconductor photocatalysts are proposed for
developing nexgeneration sustainable water disinfection systems on the basis of the generation of
highly reactive spees under UWVis irradiation [1]. One of the most important current challenges in
this field is the activation of the semiconductor under visible (solar) light that would enable the
development of lowcost water disinfection systems.

Accordingly, the aim of the work is to explore the antibacterial performance -GfoZierrites
characterized by exhibiting photocatalytic activity under visible light [2, 3]«ZaFe0O. (x =0, 0.1,

0.4 and 0.6) nanoferrites were synthesized bpregipitation method [3]. Structural and morphological
characterization confirms the cubic spistlucture and their nanometer size (around 10 nm). The
antibacterial performance of the NPs was evaluatedEscherichia coliDH5 U, anal ysing
cultivability in a medium supplemented with the nanoparticles and compared with the evolution under
visible light (both without and with nanoparticles). We first investigated the interaction between the
ferrite nanoparticles and the bacteria, and observed that incubatioZmy Co FeO resulted in
secretion of a bacterial biofilmF{gure 1), which might have a protective effect. Higher ratios of Co
seemed to correlate with higher biofilm synthesis. Regarding the effect of the ferrites under visible light
on bacterial cultivability, a lighinduced decrease was detected only in the sammptedated with
ZnFeO and ZpdCm iFeO. In this case, higher ratios of Zn correlated with stronger decrease in
cultivability. We hypothesize that the increase in the magnetic moment of the ferrit€aithntent,

which results in stronger aggregation of the nanopatrticles, could also contribute to their lower effect on
cultivability (decrease in the effective light irradiation on the bacteria).
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Figure 1: TEM images and cultivability oE. coliincubated with ZrCo ferrites, under visible light
irradiation and in the dark. Cultivability is expressed in Colony Forming Units/ml (CFU/mI) .@nFe
were used at 20 mg/mL, andoZ@ o ¢Fe0 at 200 mg/mL.
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Chronic Kidney Disease (CKD) is increasingly recognized as a public health issue, estimated to
affect around 10% of the population worldwide. (1) 70% of pediatric CKD and 10% of adcBt&ge
Renal Disease, are attributed to defects in a single gemesesping monogenic diseases. Treatment
for CKD in these cases focuses on managing symptoms and attempting to slow disease progression.
Neverthelesspatients affected by genetically caused CKD may benefit from the development of gene
therapybased treatnrgs.

Furthermore, kiney diseases are considered suitable for gene therapy due to the highly
vascularized nature of the organ, facilitating easy access of therapeutic vectors to all its cells.
Specifically, Polycystic Kidney Disease (PKD) is wedsitioned to be the firsiskase for which gene
therapy is developed, as it is a monogenic disease with a significant prevalence within hereditary
nephropathies (1:1060:2500).(2)

Therefore, it is crucial to engineer vectors for the precise targeting of renal cells under various
pathological conditionshrough the combination of nanocompounds and aptamers with the genetic
material delivery properties of viral vectors. Specifically, adassociated viruses (AAV), which have
demonstrated a high safety profile and prolonged expression of the therapaat{8)y

In this study, arinnovativeplatform has been developed with this purpose. The developed systems
involve the bioconjugation of magnetite magnetic nanoparticles to genetically modified AAVSs. Firstly,
the synthesis and surface functionalization of magnetic nanoparticles has beéredptimough the
coprecipitation and thermal decomposition method of magnetic nanopatrticles, resulting in particles with
sizes ranging from 6 to 10 nm. These particles are stable in biocompatible solvents, exhibit spherical
and cubic shapes, have high meijgation, around 80 emu/g, and demonstrate superparamagnetic
behavior. The developed particles have been conjugated to the-asdeEmiated virus through click
chemistry using DBC&ased (Dibenzocyclooctyne) molecules. The effective binding of the
nanopaticles to the virus has been confirmed through $I2A&E. Additionally, the bioaccumulation

in the kidney of the purified platform, has been demonstrated in a murine model using fluorescent
microscopy.
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Cancer is the leading cause of death in Europe after cardiovascular disease, accounting for about
20% of deaths in the European Union [1]. One strategy followed in oncology has been hyperthermia,
which consists of raising the temperature of cancer cell§-45°C to reach apoptosis i.e., programmed
cell death. Achieving localized and controlled hyperthermia is a pursuit that can be facilitated by
functionalizable nanostructures, responsive to external stimuli such as magnetic fields or
electromagnetic radtion. Gold nanostructures (AS) have garnered significant attention in both
academic and clinical fields due to their biocompatibility and efficient absorption ofinieaed
electromagnetic radiation, attributed to surface plasmon resonance [2]taB@mously, magnetic
nanostructures based on iron{R8) have been subject of investigation, offering diagnostic capabilities
as contrast agents and therapeutic potential in magnetic hyperthermia [2]. This study aims to synergize
the advantages of both teaals, giving rise to multifunctional Ire@old nanostructures (F&u-NS)
that exhibit a high heating performance upon exposure to radiation and alternating magnetic fields. Fe
Au-NS were produced through the ablation of Iron and Gold targets with asierond pulsed laser in
liquids. This technique is particularly interesting for the development eF&&u with complex
morphologies such as the cegieell structure [3]. A thorough characterization of theAteNS was
conducted utilizing scanning eleatranicroscopy (SEM) and superconducting quantum interference
device (SQUID) techniques, providing comprehensive insights into their structural and magnetic
properties. This research represents a significant step towards advancing the development of
sophistcated nanostructures with dual functionality, holding promise for applications in hyperthermia
based cancer therapies and diagnostic imaging modalities.
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Figure 1: Nanoparticles synthesized via laser ablation of an Iron and Gold tdedt
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Among several strategies of cancer treatment, magnetic hyperthermia has recently
attracted much attention due to its recently approved clinical potential. In this context, magnetic
iron oxide nanosystems are of great importance among others and complelatiarms are
being designed for an effective therapy based in hyperthermia

The main goal of the present study was to obtain magnetiteprdpfolactone)
nanocomposites coated with chitosan and to investigatentiwitro antitumor magnetic
hyperthermia potential.

Nanocomposites were obtained by following a digstep procedufe Chemical co
precipitation was used for magnetite colloids synthesis. The resultant magnetite particles were
embedded into a poly{caprolactone) nanomatrix by an interfacial polymer disposition
methodology. Then, coacervation procedure was selected for the magneti¥e/poly(
caprolactone) nanocomposites functionalization with chitosan. Resultant nanocomposites were
characterized by means of dynamic light scattering and electrophoresistheyméa potential
was evaluated vitro using an alternating magnetic field.

Nanometric size of the nanosystem was & 30
Electrophoretic study of chitosan nanoparticles and the developed nanosystem demonstrated
the chitosan functionalization by showing a close similarity in the surfacgehaues
obtained in the different pH media studied. An appropriated control over the temperature and
heat flux of the magnetopolymeric nanocomposites was detaotedtro (minimum
hyperthermia temperature & 41 AC,devélopedd 30
exhibited promising capabilities for efficient magnetic antitumor hyperthermia applications.
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Hyperthermia therapy for combating tumors represent a promising cancer therapy. Magnetite
based nanoparticles are one of the most promising heating agents for clinical applications due to their
biocompatibility and versatility. Specifically, they are oghiinterest in localized hyperthermia by
means of magnetic hyperthermia and photothermal therapy

The main goal of the present study was to obtain ciftatetionalized magnetite nanopatrticles
and core/shell magneti®trate/chitosan nanoparticles and to investigate their potential in magnetic
hyperthermia and photothermal therapy.

Magnetite colloids were synthesis by-peecipitation method. Then, magnetite colloids were
functionalized with citrate. To engineer core/shell magnetitate/chitosan nanoparticles citrate
functionalized magnetite colloids were embedded into a chitasaomatrit. Physicochemical,
magnetic properties and hemocompatibility of the resultant nanoparticles were deeply investigated.
Evaluation of both nanoparticles as hyperthermia agents for magnetic hyperthermia and photothermal
therapy was performed ugiran alternating magnetic field appropriate for biomedical use and a near
infrared (NIR) laser of 850 nm wavelength.

Citratefunctionalized magnetite nanoparticles and core/shell magieétiade/chitosan
nanoparticles showed a size of & 15 nm and a 32
structure was confirmed by electrophoretic light scattering, Four@nsform infrared and
thermogravimetric analysis. Saturation magnetization of functionatitete magnetite nanoparticles

was of & 85 emul/ g, whi ¢ h wa s -cimdeicmitosani naneparticlesn t h e
Heating properties of citratmagnetite colloids and citrateagnetite/chitosan multicore/shell
nanoparticles was fully investigated resulting
hyperthermia and & 6800 W g for phot ot her mal t

magnetichy pert her mi a and a 2200 W/ g for phot ot her m;
administration of the safety of this nanoparticle was demonstrated by hemocompatibility assays.

To conclude, citratenagnetite/chitosan core/shell nanoparticles could find antitumor
hyperthermia by combining both magnetic hyperthermia and photothermal therapies.
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Osteoarthritis is a degenerative joint disease that affects millions of people, being one of the main
causes of pain and disability. Current therapies are limited to relieving pain and preserving joint
function, but they do not cure the disease. Senothat@ppeptides offer a promising strategy for
delaying and reversing osteoarthritis progression by targeting senescent cells and the inflammatory
procesg1].

Recent attention has been directed towards specific peptides (YSA1/TUB1) due to their potential
in osteoarthritis therapy. These peptides interfere with the activity of the marker Cx43, whose
expression is increased in the articular cartilage of osteit@rghatients, leading to senescence and
dedifferentiatior{2].

Our study introduces the development and optimization of sphingomyelin nanoemulsions (SNs)
associated with individual and combined senolytic peptides. This aims to enhance their bioavailability,
specificity, and cellular internalization. We optimized thechinology for intraarticular (lA)
administration, focusing on prolonging the retention times of therapeutic peptides and achieving
optimal biodistribution. To achieve these goals, we introduced additional excipients such as hyaluronic
acid or gelatin, fornmg a biocompatible hydrogel as a surfacating for the nanoconjugates.

Positron emission tomography (PET)/computed tomography (CT) was employed to evaluate
biodistribution and pharmacokinetics. PET/CT images were acquired at various time points after 1A
injection (2, 6, and 24 hours, 2, 7 and 14 days), allowing direct tgaaKinhe 8Zr-radiolabelled
peptides loaded into SNs (PENs). The study revealed prolonged retention times of*ftiePER
SNs at the target site, highlighting potential improvements in the therapeutic effects of the peptide for
personalized osteoarthstreatment.
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In the last few years, nanoscale zeatent iron (nZVI) has been extensively tested as remediation
strategy for water and soil contaminated with organic and/or inorganic pollutants. However, nZVI can
provide iron, an essential trace element in cropsplagts a key role in many metabolic processes.
Although Fe is a relatively abundant element in the soil, the available Fe contents, which can be
absorbed by plants, are remarkably low, causing deficiencies in crops, especially in alkaline soils since
it precipitates as hydroxides. Nevertheless, limited data are available regarding the effectiveness of
nZVI as an iron fertilizer. The objective of the present study was to evaluate the impact of nzZVI
application on the development of lettuce plants in two idiffesoils.

Two agricultural soils with different physiedhemical characteristics were collected from the
region of Madrid, namely an acidic soil, and an alkaline soil. Soil samples were treated with nZVI
suspension (NANOFER 25S (20% Fe)) purchased from NANOIRONrdiogoto the following
treatments: 0% nZVI (control), 0.5% and 5% of the nZVI commercial suspension. Five pots per
treatment were included. Seedling of lettuce were transplanted and after 30 days plants were harvested,
oven dried and then weighted. The tm of chlorophyll, total polyphenols, flavonols and
anthocyanins in leaves was monitored through the experiment. Biomass, content of nutrients and impact
on ultrastructure of root cells using TEM were also studied. The analysis in soils included physico
chemical properties and iron availability.

In general, the impact of nZVI on plants depended on soil properties. Plants from acidic soils
showed a better development with a significant increase of biomass and Fe content throughout the plant
whereas for the alkaline soil no changes in biomass weralfbut an increase of Fe in aerial part was
observed. The dose of 5% nZVI increased chlorophyll and total polyphenols in both soils. TEM analysis
showed dark spots in the cytoplasm and cell wall of plants in the nZVI treatments which can be the
nZVI since the respective EDX analysis confirmed the presence of Fe (Figure 1). Regarding soil, the
treatment of nZVI induced a significant increase of pH in the acidic soil due to alkaline nature of nZVI.
Iron availability increased with the dose of nZVI, espdgiai the acidic soils due to the greater
solubility of Fe in acidic conditions. Thus, according to the obtained results, nZVI could be used as iron
fertilizer although its effectiveness is conditioned by soil properties.

Figure 1. TEM i mi
from O0.5% nzZVIl .f1
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Glioblastoma multiforme (GBM) is the most aggressive, common, and devastating cancer of the
central nervous system (CNS). Traditional GBM treatment, based on a combination of chemotherapy
and radiotherapy after surgery, has not increased-yleaissurvivarate of patients, which is only 5%

[1]. The bloodbrain barrier (BBB), a complex cellular structure that prevents the passage of hydrophilic
molecules and insoluble lipids through it, is the main obstacle to the treatment of GBM. In fact, only
20% of adnmistered temozolomide (TMZ) passes across the BBB from the blood to the brain [2].
Recently, cell membrane (CMpated Nanoparticles (NPs), known as nanoghosts (NGs), have emerged
as potential biomimetic nanocarriers that develop a high ability to alweichbnonuclear phagocyte
system, improve their halife time, and negotiate biological barriers. Furthermore, NGs are promising
in anticancer therapy due to their ability to target the tumour by a homologousesaihition
mechanism between the surfamfecancer cells and the surface inherited from them [3]. Herein, we
report a study on the synthesis and characterization ofM87{human GBM cell line) CMcoated

NPs and their bidnteractions with GBM cells. Firstly, UBMIG CMs were isolated by a double
ultracentrifugation protocol. Secondly, GBM Gdsated NPs (&NGs) were characterized in size,
surface charge, and colloidal stability by dynamic light scattering (DLS). Furthermdt&s@oating

was visualized under transmission electron microscopy (TEBSBtly, fluorescence microscopy and
flow cytometry studies were carried out to evaluate therieractions between-8Gs and USMG

cells in vitro. GNGs showed an enhanced -mberactionin vitro with GBM cells thanks to a
homologous selfecognition mechanism, showing promise as potential nanocarriers to target and treat
GBM. Additionally,in vitro studies to assess the ability ofN&s to cross the BBB by maintaining its
integrity and physiological permeability are undergoing.
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Antimicrobial resistance is a challenge for public health systems worldwide and new venues to
tackle this issue are required, including the discovery of novel compounds and their effect in synergy
with other treatments. Additionally, biofilms are structuie which resistance is naturally increased
and more prone to appear and disseminate.

The enterocin A8 is a cationic heatb-tail cyclized peptide with a potent bactericidal effect
against, mainly, Grarmositive bacteria. It has been broadly characterized and shows low toxicity
against eukaryotic cell lines and high stability in harskirenments. Its receptandependent
mechanism of pore formation in the cell membrane is less prone to induce resistance appearance. The
activity against Granmegative species largely relies on the disturbance of the outer membrane, thus
synergy with compends altering it has been demonstrated.

Biomimetic magnetic nanocarriers (BMNPs) can be driven to bacterial cells with a magnetic field
and provide high local dose of an antimicrobial. In addition, their rotation caused by the orientation in
an alternating magnetic field (AMF) can increase #mperature within the therapeutic range (ca. 45
°C). This enables a faster release of the compound and a synergy with the antimicrobial effect.

We have tested A88 with synthetic BMNPs inspired by bacterial magnetosomes that display a
negative surface at neutral pH and have a pl of 4.8. Thus, they can adsé&ah&eutral pH and
release it at the cell location where the acidic pH reducestheegative charge. With A&3-BMNPs
conjugates, we have proved fast killing of planktonic cultures of the (pomitive bacteria tested
(Enterococcus faecali$Staphylococcus aureugnterococcus faeciunand the acidermenter Gram
negativeEscherichia oli. When an AMF is applied together with AB-BMNPs, we achieve almost
eradication of all the species tested, including the Gragative oneKlebsiella pneumoniaand
Pseudomonas aeruginasa

Next, biofilms ofE. faecalisandP. aeruginosavere grown and assayed using the same conditions.
The combination of A8I8BMNPs eliminatedE. faecalisin the biofilms, whereas only a-lag
reduction was observed with aeruginosaat 45 °C. When magnetic hyperthermia was introduced in
the assayk. faecaliswas still fully inhibited whereas a8 log reduction oP. aeruginosaells was
observed.

In conclusion, the enterocin A@ can bind BMNPs and be driven to the biofilm structure and the
cell wall. There, the rotation induced by an AMF causes mechanical damage and a temperature increase
that facilitates A$48 release and killing mechanism, keaing its spectrum towards Graragative
species. The fast and efficient killing that 48 causes even in biofilms represents a promising
treatment for these naturally resistant infections.
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Biomimetic magnetic nanoparticles (BMNPs) ha
demonstrated efficacy as photothermal agents, optimi:
cytotoxicity against tumour cells by playing a dual role
drug nanocarriers and hyperthermia agents [1,2].

Despite these advances, uncertainty persists abou
need for internalizing BMNPs into cells and the exister
of a threshold internal iron concentration to ensure
effectiveness of photothermal therapy. In this study, th
scenarios of photothermateatments were simulated t
analyse the impact of cellular uptake of BMNPs in t
human hepatoblastoma cell line (HepG2), evaluating !
viability following these treatments. BMNP suspensio
were used, establishing protocols to obtain BMNP<sFigure 3. HepG2 cell viability wit
exclusivelyintracellular (Group 1), exclusively extracellulend without photothermia treatm:
(Group 2 and 4) or in both locations (Group 3), followed £9;2<Vg/g(r)"12) In vitro. value *<0.05
photothermal exposure of treated cell cultures. pEaEE

Cell viability(%)

The results reveal that, although the heating efficiency of the photothermal agent is not affected
by its location, the intracellular presence of BMNPs is crucial to ensure the cytotoxic effect of the
treatments, especially at low iron concentrations (feigy). Furthermore, it has also been shown that
the concentration of BMNPs required to achieve a comparable cytotoxic effect is three times higher
when BMNPs are located extracellularly compared to their intracellular location [3].
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The development of localized therapies represents a significant approach to precisely target drugs
or other therapeutic agents to specific regions of the body, with the aim of minimizing side effects and
optimizing treatment efficacy. In this context, waskpresented in which magnetic activated carbon
(MAC) has been developed by incorporating commercial YP50F carbon into the magnetite synthesis
process (Fig 1a). The choice of carbon is especially relevant due to its remarkable porosity, allowing
efficient adsorption of ions. In addition, MAC nanopatrticles have been modified by the addition of a
positively charged polymer, serving as a platform for the adsorption of a drug, in this case, methotrexate
(MTX) [2]. Moreover, by incorporating magnetite, they tensteered by means of magnetic fields (Fig
1b). The controlled release of MTX is carried out by stimuli such as hyperthermia and photothermia
[3,4], as well as by the application of external rotating fields, which have been less studied.

The results obtained indicate a high efficiency in MTX adsorption. In addition, a significant
improvement in drug release is observed when external stimuli are employed, evidencing the potential
of methods such as hyperthermia, photothermia, as well apptieation of external rotating fields.

- T T T
-
10 MAC b ]

M (emu/g)

H (kA/m)

Figure 1. HRTEM image of the MAC sample (a). Magnetic characterization (b).
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The design of Asmartd responsive hydrogels is
technological and biomedical areas, such as soft robots and actuators, sensors, drug delivery, tissue
engineering, artificial muscles, etc. These matesi@sd out due to their soft nature, biocompatibility,
natural response to different stimuli and wide range of mechanical properties. Among hydrogels,
interpenetrating and setiiterpenetrating polymer networks are of great interest because they present
the typical properties of hydrogels, alongside high values of toughness and responsiveness to more than
one stimulus. The final properties of these materials depend on the polymeric networks that intertwine
to form the hydrogel. This characteristic opens pihesibility of total customization of the desired
material regarding its mechanical properties, besides its responsiveness. In addition to that, inclusions
can be added to the polymeric matrix to give even more tunability to these versatile materials.
In this work, we have developed a sémerpenetrating hydrogel based on acrylamide, which was
chemically crosdinked, and a natural carbohydrate biopolymer such as alginate or cellulose. On top of
that, magnetic iron microparticles were included ingblmeric matrix, which conferred the material
the ability to respond to an external magnetic field. We studied their mechanical properties under shear,
tensile and compressive stress, their swelling capacity and their magnetic response. From these studies
we concluded that these hydrogels showed small values of elastic moduli while keeping a good
stretchability and compressibility. They also show great swelling capacity and magnetic response.
Considering all these results, we applied one of these mategaka sensor that can detect the
concentration of oxygen in water thanks to the inclusion of luminescent nanoparticles. Nonetheless, the
studied materials showed great properties and adaptability that make them a possible candidate for other
types of apptations in the field of soft robots and actuators.
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In the search for new tumoral microenvironment markers that can overcome the limitations of
conventional antitumor therapies, Tumor Endothelial Marker 8 (TEMS8), alternatively recognized as
Anthrax toxin receptor 1 (ANTXR1) due to its binding with this tgx@merges as a potential candidate.
This receptor has gained significant attention in recent years as an Hlitegdell surface protein that

is notably enriched in the endothelium of cancer neovasculanceplays a crucial role in cancer
progressia, angiogenesis, and metastasfs a result, it holds promise as a potential alternative to
address the common limitations associated with conventional treatments for solid tumors.

In this work, we have bioengineered a TEMS8 natural ligand based on the Anthrax toxin to direct
chemotherapeutic nanomaterials to the tumoral microenvironment of solid tumors overexpressing this
receptor. The engineered ligand was produced, purified aptbyed for stable electrostatic bio
functionalization of Doxorubicinloaded mesoporous silica nanoparticles intended for uisevitro

andin vivomodelsWe show that this straightforward bio functionalization is stable under physiological
conditions evealing sustained release of the drug from mesoporous silica nanoparticles (MSNs) over
time, in contrast to current therapies. Subsequently, we developed a recombinant cellular model
overexpressing TEMS to validate these nanosystems in culture. Finallgsted the chemotherapeutic
nanoparticles in aim vivomurine malignant melanoma model induced by B16F10 malignant melanoma
cell transplantation. Our results indicate that this targeting and therapeutic strategy show promise as an
alternative to overcomthe common limitations of conventional antitumor treatments.

; M #H2 #3
e, y 70 kDa »| ¢ e
T L e || W
< 40 kDa p
Y 25kDa p
: | B
MSNs + 10xHis:PA17 > MSNs@10xHis:PA17 15 kDa » -

Figure 1. Scheme of MSNs electrostatic biofunctionalization. Coomassie blue stghanf #1
Purified 10xHis:PA17; #8SNs@ 10xHis:PA17#3 DOX@MSNs@10xHis:PA17. In the stained gel,
our protein of interest is the most abundant one bound to MSNs surface by electrostatic interactions.
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Introduction

Magnetically responsive nanoparticles (NPs) offer a promising opportunity for the application of
hyperthermia as a novel approach against cancer,
41-46e C. Magnetopol ymeri c N®mRO;rnuaesemBetdecino apdy( ma g h e n
caprolactone) (PCL) matrix and decorated with polyethylenimine (PEI) are developed and evaluated

for antitumor hyperthermia.

Methods

Preparation of the NPs € 3) was done by a solvent evaporation mefiddPreviously the iron oxid

nuclei were obtained by chemical -poecipitation. Finally, surface functionalization of the
FeOs/PCL of the particles with PEI was dof#&. Reproducible preparation of NPs was demonstrated
by determining the particle size (photon correlation spectroscopy) and by defining the effect of pH on
the electrokinetics of the colloid. Finallyn vitro assays of hyperthermia were performed under
conditions of different frequencies: 167, 150, 130, 120 and 114 kHz; and low field amplitude (17 kA/m)
on a dispersion of 5 mg/mL of-FeOs/PCL)/PEI NPs.

Results

(0-FexOs/PCL)/PEI NPs of 232.9 + 3.3 nm (Palk59 + 0.001) were producethe dependence of the

surface electrical charge of the colloids with the pH values demonstrated the formation of the
nanohybridsAs well asNPs showrinvitroant i t umor hyperthermia temper e
case.

Conclusions

(0-FeOs/PCL)/PEI NPs demonstrated promising characteristics as hyperthermia nanoagents against
cancer. Work is in progress to characterize these propertig.
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Introduction

Conventional systemic chemotherapy involves the administration of large dosages of
chemotherapeutics to obtain an acceptable antitumor effect. These high doses also induce
severe toxicity. A very promising solution to this problem is the development ofaticajly
responsive nanoparticles (NPs) as drug nanocarriers [1]. In this work, it is described the
formulation of magnetopolymeric NPs consisting of maghemitee{Osz) nuclei embedded

into a poly(Jcaprolactone) (PCL) matrix and decorated with polyethiphine (PEI).

Methods

Fabrication of the NPs (n = 3) was done by a solvent evaporation njgthtvdn oxid nuclei

by a chemical c@recipitation, and post decoration with PRI. Particle size and size
distribution were determined by photon correlation spectroscopy. The electrophoretic
properties of the NPs were characterized as a function of ionic strength. Colloidal stability was
tested at room tempeemdnthsc e and at 4 eC durin
Results

(-FexOs/PCL)/PEI(core/shell)/shell particles of suitable and moderately monodisperse size
were obtained (&4 230 nm). E b-FeilOgPLL NPs wds t h e
demonstrated by comparing the zeta potengialV@lues of thgo-FexOs/PCL)/PEI particles

(26.2 + 1.3 mV)with those of pure-FeOzNPs (40.3 £ 1.2 m\))pure PCL NPs-16.6 £ 1.3

mV) and hybrid(o-FeOs3)/PCL NPs {20.4 + 0.4 mV)as a function of KN@concentration,
confirmed the formation of the nanohybrids. Colloidal stability of(tHeexOs/PCL)/PEINPs

was demonstrated stabililgvito. 4 230 nm at t= 0 days and a
(room temperature) at t= 90 days.

Conclusions

A reproducible methodology has been optimized to obtdirFeOs/PCL)/PEI
(core/shell)/shell particles with promising applications in magnetically driven drug delivery
against cancekVork is in progress to dim vivoassays.
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Ensuring the reutilization of residues generated from the fabrication of products is an urgent
matter to diminish the environmental impact and optimize the use of the resources [1]. Magnetic
nanoparticles (NPs) can be used in diverse technological afpigdbeing one of them addressing the
pressing issue of pollutant removal from wastewater. The small size of NPs enables their easy dispersion
in a liquid and, due to their large surface areas, they present a significant potential to interact with
pollutants. Their magnetic properties might facilitate the NPs recovery [2].

This study shows results obtained applying a novel process that enables the transformation of steel
industry residues into iron oxide NPs. The precursor was provided by CELSA Group in the form of
powder with micrometer size particles. In view of the pagéindustrial scalability of the process, a
physical met hod based on appl i ecdaetvieolno peeiid |shhfolrg® hmi
method [1,3]) has been used, followed by an optimized heat treatment. This route has enabled to move
from a regue with a saturation magnetization (Ms) of 23 emu/g to iron oxide NPs with a Ms close to
130 emu/g after milling (10 min) and reductive annealing. The magnetic NPs obtained have been tested
for the degradation of tebuconazole by catalytic wet peroxidgatian (CWPQO) [4], showing a
degradation of over 75 % of the pollutant in the first minutes of reaction, and the totality of the
component after 90 min. Notably, the material showed outstanding stability, with limited dissolved iron
concentration at thend of the reaction (0,0098 %Fe wt.).
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Figure 1: (a) Room temperature hysteresis loops measured by vibrating sample magnetometry (VSM) for the
precursor powder and that after milling for 10 min before and after annealing. Scanning electron microscopy (SEM) images
of (b) the starting powder an@) the powder milled for 10 min. (d) Percentage degradation of tebuconazole during a
CWPO process using the NPs as catalyst.
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Microbial resistance to antibiotics has become a serious health problem. In recent decades, the use
of silver nanoparticles (AgNPs) in antibacterial applications has been explored due to their
physicochemical properties [1]. However, one of the most worrying fagtotbeir use is the
toxicological effect they may have on human health. In this sense, a coating of AgNPs could have a
positive effect on their toxicity, reducing or even avoiding their effects and, in turn, increasing their
antimicrobial capacity [2].
Recent studies have reported the use of starch as a stabilising agent in the synthesis of AgNPs [3,
4]. However, the use of native starch is limited and therefore a nanometric modification of starch would
combine both the advantages of starch and nanolear{b].

The aim of this work is to develop formulations based on starch nanoparticles (SNPs) that can be
used as nanocarriers of agents with antimicrobial activity, concretely silver nanoparticles.

The synthesis of staredilver hybrid NPs was
carried out in two steps, combining a simple autoclave
process to obtain the AgNPs and the nanoprecipitation
method to obtain the SNPs under optimal conditions.
Native starches of different botanical origin @uenth,
guinoa and rice) were used.

The hybrid NPs were characterised in terms of
size, shape and charge by dynamic light scattering
(DLS), scanning electron microscopy (SEM) and
transmission electron microscopy (TEM). Fourier
transform infrared spectroscopy (FTIR) analysis was
used to detenine the molecular structure of the NPs
and inductively coupled plasma mass spectroscopy
(ICP-MS) was used for the quantitative analysis of Ag.
= Finally, the antimicrobial activity against E. coli was
Figure 4.-Antimicrobial activity of hybrid NPs against determined by the agar well diffusion method (]-:)g

E. coli using the agar well diffusion method. (NAS = Acknowledgments
amaranth hybrid NPs; NQS = quinoa hybrid NPs; NRS This work was supported by the Ministerio de
=rice hybrid NPs)

Economia y Competitividad (MINECO, Spain), under
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Principado de Asturias (AYUD/2021/52132). Authors would like to acknowledge the technical support
provided by Servicios Cientifiedécnicos de la Universidad de iedo.
References

[1] Z. Qin, Y. Zheng, Y. Wang, T. Du, C. Li, X. Wang & H. Jiaf@pord.Chem. Rey449(2021).

[2] T. Bruna, F. Maldonad®&ravo, P. Jara & N. Cartnt. J. Mol. Sci.22(13) (2021).

[3] J. Jung, G.M. Raghavendra, D. Kim, J.& Sk, J. Biol.Macromol, 107 (2018)

[4] S.V. Kumaret. al.Sci. Rep.8(1) (2018)

[5] D. Moranet alAppl. Sci, 11(10) (2021)

XxXEEMZNAW] | ¢ 0¢T ¢ ApNEd RIAA 1NN WALE DINMINDT Y



NALS©2024

Nanomaterials Applied to Life Seiences ||| L1 LU LU LL LD LD LD LG LD L) L0 L L L

(P40 Theoretical Investigation of the Role of DipoleDipole
Interaction on the Efficiency of Magnetic Hyperthermia
A. MORJANEY, V. RUSSIER, H. KACHKACHI?, F. VERNAY'

L aboratoire PROMES CNRS, Université de Perpignan Via Domitia, Perpignan, France
2 ICMPE CNRS, Université ParBst Créteil, Thiais, France

*

prAbdelhamid.morjane@promes.cnrs.fr

Magnetic hyperthermia is a process that converts electromagnetic energy into heat by applying
an external alternating magnetic field to an assembly of magnetic nanoparticles (MNPS).
Potential applications of this technique include chemical catalysis andigang cancer
treatment by using MNPS as localized and selective heat sources [1]. The efficiency of
magnetic hyperthermia is characterized by an observable known as the Specific Absorption
Rate (SAR). It is defined as the power absorbed by a magnetjgesaubjected to AC
magnetic field and therefore remitted by the particleand is proportional to the hysteresis

loop area and the dissipative part of susceptibility.

Several parameters are used to optimize the SAR, to control heat production, such as the
amplitude and frequency of the external field, the concentration of the particles, and the volume
of the nanoparticles. Many theoretical and experimental studieshawa that dipolalipole
interaction (DDI) influences the physical properties of MNPS [3], and thereby the efficiency
of magnetic hyperthermia [2]. One of our aims is to clarify the role of DDI in magnetic
hyperthermia processes and to study under whinditons the SAR is reduced or increased.

To achieve our goal, we use two approaches, a-apatytical method to study weak DDI for
low-density nanoparticles based on perturbative calculations [4]. In addition, numerical
simulations [5] make it possible study more realistic densities (higher concentratgirong

DDI) such that we can carry out a systematic study to confirm the analytical trend observed
and see the limits of the analytical approach.

In the present work, we highlight the role of each physical parameter for different densities and
different structures of MNPS in order to investigate their influence on the SAR. The
comparison of analytical and numerical approaches, in particular the T@vdifferent
assemblies of MNPS of maghemite or cobalt, in the presence or absence of an external DC
field, allows us to identify the critical parameters that are in competition or in synergy for SAR
optimization.
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In recent years, significant research has focused on capacitive interfaces, their properties, and
applications. The remarkable capacitance exhibited bEl#wtric Double Layer (EDL), formed when
these interfaces are in contact with an ionic solution, finds application in techniques such Capacitive
Deionization (CDI), involving ion adsorption, and Capacitive Mixing (CapMix). The latter is a
promising technige for energy harvesting from exchanging solutions with different salinity, addressing
the demands of environmental sustainability. These technologies generally utilize porous carbon
electrode materials due to their properties such as their high suréacénmgh conductivity, and pore
size distributions. The use of ion exchange membranes or the application a polymer coating to the
electrode surface ("soft" electrodes) in CapMix generate a natural potential difference between the
electrodes due to Donnaquelibrium without needing an external power source. Thus, the process is
known as Capacitive Energy Extraction by Donnan Potential ({DR].

In this work, we study the use of soft carbon electrodes for CDP while we explore the influence
on the efficiency and scalability of CapMix systems by parameters such as the polymer charge density,
the applied current and electrode separation distancefiridiegs provide valuable insights into the
optimization of these systems for improved energy extraction performance.
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Figure 1. Left: Electric potential as a function of the charge. The enclosed area is the energy
obtained. Right: Energy extracted as a function of the current for different separation of electrodes.
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Introduction. Magnetorelaxometry (MRX) is a promising method for monitoring magnetic drug
targeting or magnetic hyperthermla. MRX, magnetic hanoparticles (MNPs) are magnetized by an
external excitation field and the relaxation of their net magnetic moment is measured after the excitation
field is switched off. The relaxation amplitude, defined as the difference of measuredtindigix
densities at two points in time, is proportional to the MNP amount, allowing for their quantification.
Since relaxatiorcurves are evaluated for different MNP temperatures in hyperthermia monitoring, the
influence of temperature on the relaxation amplitude is of particular interest.

Methods. An MNP sample (Perimag®, immobilized in gypsum) was positioned between an
optical magnetic gradiometer (OMQ@winleaf, USA and an excitation coil (Fig. 1 left). The
measurements were performed inside a magnetically shielded room. A background magnetic field (
¢ Tt “Mwas applied for operating the OMG. Four measurement series were carried out, whereby the
MNPs had 22 °C for the first two and were heated to 38 °C for the last two. For each temperature, six
different excitation flux densities and two different orientasi@f the background field in relation to
the excitation field were applied.

Results. Our results show that the relaxation amplitude decreases with an increasing MNP
temperature (Fig. 1 right). This trend is in well agreement with the literature [1]. Therefore, the influence
of the MNP temperature on MRX relaxation behavior should be cemsidparticularly when
monitoring magnetic hyperthermia.
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Langmuir monolayers have been frequently employed to simulate half of a cell membrane and to
study their interactions with other substances, sud@dmtisancer drugs, under controlled conditions.
While lipidic models resembling cell membrane compositions are commonly used, replicating the
intricate and diverse composition of cell membranes solely with lipid mixtures is challenging.
Therefore, it wouldbe convenient to start exploring the formation of Langmuir films with membranes
extracted from real cells.

In this work, stable Langmuir films were created using membranes extracted from human breast
adenocarcinoma cells (line MER. This novel strategy maintains all the components of the membrane
and rearranges them in a half membrane. Once the membraneshaszeterized via their surface
pressuréi mean molecular area isotherm and AFM images, doxorubicin anticancer drug was then
introduced into the subphase while recording the changes in surface pressure and morphology to
observe its effect on the membrditms.

In addition, in order to validate the use of lipidic models, Langmuir monolayers were created using
lipid mixtures based on the lipidic composition of breast tumor cells found in literature. The results
obtained on models with and without doxorubicin ie subphase were compared with those obtained
with real membranes to determine their degree of reliability.
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Magnetite nanoparticles are extensively applied in different fields thanks to their
properties conferred by the nanoscale size. The purpose of this work is to test Biomimetic
Magnetic nanoparticles and Magnetic nanoparticles, both coupled with silvgparcagainst
different bacterial pathogens; they were tested both againstgpsitive and grasmegative
bacteria. The physiechemical characterization of the samples is obtained by Dynamic Light
Scattering and ICP mass spectroscopy for both immobiliresdon both types of nanopatrticles
to confirm the presence of the cations, previously assessed thidigbct quantitative
analysis performed during the immobilization. The workflow to test the inhibition activity is
reported below: the concentration of different iaras tested using soft agar plates to confirm
growth inhibition and we were able to verify the formation of a distinctive halo around sample
spots, confirming the exclusive inhibitory activity of our nanoassemblies when compared with
super@ramagnetic nanoparticles not treated with the cations. A growth curve for both
pathogens was determined, and a Colony Forming Unit test was done to quantify the grown
cells; Minimum Concentration Inhibitory (MIC) tests have been also performed overtime.
Biomimetic nanoparticles and Magnetic nanopatrticles coupled with silver or copper have
different behavior depending on which bacteria is under test. Anyway, an inhibitory activity
was found for both bacteria strains in presence of both ions immobilizéx eoramoparticles
and this will open a new antibiotfcee approach to counteract the proliferation of antibiotic
resistant bacteria.

Project workflow.
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