BONSAI

4

www.bonsaiproject.eu

Project n0.037639

BONSAI: Project titleBiO-imagiNg with Smart functionAl nanoparticles

SPECIFIC TARGETED RESEARCH OR INNOVATION PROJECT

Thematic Priority:1 felSicfi Heal t ho

Publishable Executive Summary

Period covered: from 01/11/2006 to 30/04/2008
Start date of project: 01/11/2006

Duration: 36 months

Project coordinator nameDr. Elisabetta Borsella (borsella@frascati.ene.it
Project coordinator orgnisation nameENEA, Italy

Participants

Ente Nazionale per | e Nu
Il 6Ambi ent e

Commi ssari at a -Diréckom des §ciemcesAl
la Matere

Consejo Superior de Investigaciones Cientificestituto de
Ciencia de Materiales

Universidad Complutense Madridstituto de Magnetismo
Aplicado

Universitaodo di Padova,

Max Planck GesellschafiMax Planck Institute of Colloids ant
Interfaces

Uni v er s i-Bieoéca, Mipattimento di Medicina
Sperimentale, Ambientale e Biotecnologie Mediche

GUERBET
General Physics Institut®latural Sciences Centre

University of FreiburgCenter for Appled Biosciences Inst.
Biology Il

NANOVECTOR srl

TILL GmbH

ENEA

CEA

CSIC

UCM

UNIPD

MPI

UNIMIB

GUERBET

GPI

UNIFR

NANOVEC

TILL

Italy

France

Spain

Spain

ltaly

Germany

ltaly

France
Russia

Germany

Italy

Germany


http://www.bonsai-project.eu/

The Project BONSAI intends to develop novel multifunctional nanoparticles (NPs) with

tailored optical and magnetic properties for visualizing compédixlar structures (in tissues
and organs), receptors, tummocells and masses, through us@nsitive bieimaging

techniques.

Until now, cellular components and processes are typically visualized through organic dye
based fluorophores, which have saleadrawbacks (e.g. rapid phetxidation, limited life
time, necessity of different wavelengths to activate each dye, slow data acquisition for
multiparametric detection). Recently, semiconductor nanocrystals (quantum dots) have been
introduced for bidabelling. In-fact, as a result of the quantum confinement of the excitonic
wavefunction, semiconductor NPgu@ntum dofsexhibitintense size- tuneable emission in

the visible neainfrared optical range. The main advantage of using luminescent NPs for
imaging rests on their photostability, increased sensitivity through longer life time, and

excitability by a single wavelength, which mak&emiconductor NPs glow in a rainbow of
colours depending on their size. Unfortwetathe most widely used quantumtsl@re highly

cytotoxic.

The BONSAI Project thus aims at replacing the toxic quantum dots (like CdSe) with light

emitting Si and Sbased NPs having a broad band excitation, size dependent optical emission
and a reduced tendency to phbteach.

In the first period of the Project, the partners succeeded in producing by laser pyrolysis

sizeable quantities of Si nc (naooystals) with sizéd 5
use of a laser beam to initiate and sustain the chemical reactions that generate the

nanoparticles in the gas phfis8]. A typical experimental saip is shown in Fig. 1.

Fig. 1 Schematic of the process of lasgnthesis of nanopowders.
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Different, complementary strategies were followed to reduce the NP size, by keeping a good
productivity (306500 mg/hr):

9 reduction of the laser pulse duration and optimization of the laser power dgngity,

Ref. 3;

1 quencling of the particle growth by collecting the nanoparticles near to the laser beam

(Fig. 3, Ref. J;



1 dilution of the precursor (silane) in a sensitiZeig( 3 Ref.]). Dilution of the precursor
in inert gas or in the sensitiser decreased also the paatjglomeration down to 50 nm
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Fig. 2. Left sideSi NP mean size as a function of the laser pulse duration; Right sidéBNRimage
of the Si NP obtained wishortlaser pulse duratiomnd high laser power
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Fig. 3. Left side: Si NBize d vs. the distance h of the collector from the laser heldight side:
Effect of silane dilution with ethylene on the final Si particle size.

As prepared Si NPs emit scarce photoluescence (PL). The emission intensity increase
a result of (nofcontrollable) exposure to a(Fig. 4, left side Ref. 2-3) or passivation in
' i quids of pristi ne 4 Mede RefR-3) br afteiadheco@imiged n m
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Fig. 4 PL emission under UV light taken fromSi NP oxidised in air (left)or dispersed in
ethanol(middle). Right: Effect of thewetoxidation conditions on the PLméssionfrom Si nano
particles
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The PL emission of Si nanoparticles can be tuned in the rang&@08@0nm by changing the
size. Typical radiative lifetines are in the range 0463 ms(Fig. 5, left side) It was also
shown that it is possible to get typhioton excitation of the Si NP in the IR (at about 900 nm)
where the human skin transmittivity is higfig. 5, right sideRef. §.
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Fig. 5. Left side: Bn.ltakeh dramaSy NPcshiowrvire tee right sidelof Fig. 2 r e n t
Right side:Time decay of the PL at 750 nm after fs NIR excitation at 900 nm and blue excitation at 450
nm.of very small, amorphous Si NP .

Applications in biology, medical diagnosis and therapy require that NPs be stable in water
solutions at physiological conditions. This could be a particularly hard task since the ionic
strength (ionic molar concentration) in physiological fluid is high enough toedse the
electrostatic repulsion between NPs, which normally prevents aggregaaathis aim, a

great effort was devoted to the preparatiostable colloidal solutions of Si NPs in aqueous
media.Both acid etching and alkali etching procedures reduttroblematic, but successful
results were achieved in the disaggregation of dried powders todispdirsed Si
nanoparticles in water by a combined aHleaithing procedure terminated by addition @Ob

(Fig. 6, left side)lt was also found that heategatreatment at 80°C in air, can make thé\N®is
photoluminescent after alkali etching (Fig. 6, right side).

Fig. 6. Left sideTEM image of Si NPs disaggregated by A&lkali etching approachRightside:
Picture of a suspension of Si NPs derived via oxidation assisted-elkhing. The photo was taken
under a UV lamp

For in vivo applications, NPs should be coated with a biocompatible polymer to prevent the
formation of large aggregates in orderimprove biodistributionConsequently, the second
step was the fabrication of colloidally stable and biocompatible solutions containkigsSi

4



by grafting hydrophilic polymer chains, such as poly(ethylene glycol), on tN€S(Fig. 7).
First, disaggrgated Si NPs were coated with functional silanes terminated with amine or
epoxy groups, then were conjugated with poly (ethylene glycol).
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Fig. 7 Schematic illustration of surface modification on Si NPs
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It was found at that thBEGylated Si NPs remainetiable in water for week®ptimization

of the degree of PEGylation is in progress to achieve a better colloidal stability against salts.
Negligible cytotoxicity of PEGylated S\iPswas observed by vitality tests on epithelial cell
lines known to be faiyl sensible to noxious agents, i. e. A30 cells (located at the air/blood
barrierseeFig. 8) and Z310 cells (located at the blood/CSF bawieroidal plexus). It was

also found that cell proliferation is differently affected b{PBEGylated and EPEGYylated Si
NPOs (strongly i n the first case, mil dl vy
investigated.

A 30 Control A30in Si1l73EPEGat6 hrs A30in Si 173 S PEG at 6hrs

Fig. 8. DeadA30cells before and after incubation wiERPEG-ylated and SPEGylated Si NPs.

Imaging can also be generated éxposure of cells or tissues to magnetic fields and by
measuring dephasing times of water protons as in MRI (Magnetic Resonance Imagitwm). U
now, MRI shows excellent spatial resolution, but its sensitivity is relatively low, therefore
MRI requires amplification mechanisms for its use in molecular imaging. To this purpose the
help of contrast agents (CA) is required. Magnetic NPs actually used dsa@Aparticle
sizesO50 nm and consequently are cleared out by the RES system in very short times prior to
any interaction with the biological targdtor this reason, thBONSAI Project aims athe
development of stable colloids of ntoxic, nonimmunayenic NPs with: (i) high
magnetization (ii) particle size small enough to remain in circulation after injection and to
pass through the capillary system of organs and tissues with little vessel embolism, (iii)
narrow size distribution for differential upda of various tissues

The NP synthesis procedure employed by the BONSAI partners is-stegmerocess based
on laser pyrolysis of suitable gpbase precursorRkef.6:14). During the first period, the
BONSAI partnerssucceeded iproducing batches (gma quantities) of iron oxide samples,
with small particle size (1-8.6 nm), narrow size distributioffig. 9) and good magnetic
propertie(Fig. 10) The INFLPR Institute(BucharestRomania contributed to the synthesis
of iron-oxide NPs as subontractor(fig. 9, lower part)
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Fig. 9 HR-TEM imagsand particle size distributions foiron oxide samples producetby laser
pyrolysis of Fe (CQ) using ethylene as sensitizer. Oxidation is maestin by introduction of air in
the sysem.

The intensity of the MR (Magnetic Resonance) signal depends on the magnetization of the
Iron Oxide NPs thus, it is crucial to obtain NPs with a magnetization strong enough and
ensure that this magnetization can be reached at moderated fields. Ffowmas that
magnetization values of theroject Iron Oxide magneticNPs are similar to those of
commercial NPsConsequentlythe strength of the magnetic signal reached in the BONSAI
samples is good enough for MR applicatiodswever, the BONSAI samplegquire larger
magnetic fields to be saturat¢dig. 10, left side Ref. 10, 11, 13)It was proved that the
samples can be saturated at lower magnetic fields when they are highly crygtdink0,

right side Ref. 10, thus synthesis work is in progeein this direction.

404

SF38
—*=SF39 '’
20 —+— NILRPP
=
=
g 0
Q
= ) T=300 K
-40

Fig. 10. Magnetization curves for Project iron oxide &N@t 300 K).



