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Applications of magnetic nanoparticles to biomedicine — DIAGNOSIS
AND THERAPY

Dynamic nuclear polarization — DIAGNOSIS (and THERAPY)

Magneto therapy — THERAPY (just begun)

Boron Neutron Capture Therapy — BNCT — THERAPY , see S.
Bortolussi talk

Suggestedbok k Mizagmetissm m NVeticsimes, exts \AMdNE and H. Nowealk, Wity VCH
Thanks are diue to QP Rakikmatsimd] C. Sanyyegymioforconttilinutimms tosickes
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Actual main collaborations

(magnetism, MR, synthesis, hyperthermia)

Dipartimento di Chimica, Universita di Roma, grupgpof. G. Ortaggi
Dipartimento di Chimica, Universita di Cagliari, Dvl.F. Casula
Dipartimento di Chimica, Universita’ di Modena, gpgprof. A. Cornia
Dipartimento di Chimica, Universita' di Firenze, gpo prof. D.Gatteschi
Dipartimento di Chimica Fisica, Universita’ di Paviauppo prof. P. Ghigna
Dipartimento di Chimica, Universita di Pisa, Prigf.Chiellini

Dipartimento di Chimica, Universita di Bologna, Prigl. Comes Franchini

Dipartimento di Chimica, Universita degli studiMilano, prof. P. Ferruti e E.
Ranucci

Dipartimento di Chimica, Universita degli studiMilano, prof. G. D’Alfonso

Dipartimento di Scienze Chimiche, Universita deglidi di Padova, Dr. V.
Amendola

Diparrt]imento di Scienze Chimiche, Universita deglidi di Catania, Prof. G.
Vecchic

Dipartimento di Fisica, Universita di Milano Bicaxagruppo prof. C. Riccardi

Dipartimento di biologia e biotecnologie “L. Spaiizni”, Universita degli
studi di Pavia, Prof. R. Nano

Dipartimento di Chimica, Universita di Pavia, Prgfdari
Facolta di Medicina, Universita di Pavia, Prof. Dig
Dipartimento di Fisica, Universita di Pavia, Praftieri

Dipartimento di Scienze Farmacologiche, Univergiidilano, Prof. R.
Paoletti, Prof. E.Tremoli, Dr.U.Guerrini, Dr.G.Smio

Dipartimento di Scienze Morfologiche-Biomediche,#nsita degli studi di
Verona, Prof. P. Marzola, Prof. A. Sbarbati

Dipartimento di Scienze Farmacologiche e BiomolagpUniversita degli
studi di Milano, Prof.ssa V.F. Sacchi, Dr.ssa AzA®i

Dipartimento di Chimica, Universita degli studiMilano, Dr. M. Scavini

INFM-CNR,National Nanotechnology Laboratory, Dr.Pellegrino, Dr. D.
Cozzoli, Dr. L. Manna, Prof. R. Cingolani

Department of Chemistry, Humboldt Universitat — Be{lcermania), Prof. N.
Pinna
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Projects open

FIRB Riname — PI prof. D. Gatteschi (INSTM — FI)

Fondazione Caripl6Chemical synthesis and characterization of magneto-
plasmonic nano-heterostructures” — Pl Prof. P. Gh(¢id&TM-PV)

AIRC “Magnetosomes as nanotechnology platform for theneraipy of
tumour”, Pl A. Sbarbar (UNIVR)

European project NANOTHERPI Gaiker (Spain)ust ended
INSTM — Regione LombardiMAGNANO, PI A. Lascialfari
Contract UNIPV — Bracc&pA (DNP)



Experimental technigues at NMR group

Universita’ degli studi di Pavia
MRI Esaote Akttssesr, H= 0.2 Tesla

NMR : broadband spectrometers(Bruker, Tecmag, Mid-Continent) covering a frequency
range 4-400 MHz. Magnetic field 0-9 Tesla. Temperatie3-1000 K.

Quantum Design SQUID magnetometerTemperature: 1.7-800K.
Magnetic Field : -7 7 Tesla.

Adiabatic calorimeter, 1.5 < T <300 |

"Wide- lema!” EHPR

Universita’ degli studi di Milano

Atomic Force Microscopy/ Scanning Tunneling Microscopy / Magnetic Forceidscopy -
Autoprobe CP Research System - Veeco. Working terreraange 0-6€C.

NMR : broadband spectrometerStelar Spinmaster. 5-70 MHz. Temperature : 4.2-350 K.
Magnetic field 0-1.4 Tesla.

NMR relaxometer, 10 KHz < f < 10 MHz. Temperature 150 < T < 350K

(MRI : Bruker AMX200 , 4.7 Tesla, super-wide-bore, rats and mice cBhysiological
parameters’ control)
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SMART Tracer FT-spectrometers

Frequency : 10KHz —110WHiz and electromagnets
W




&0

7 1 1 5 )

1 1 & & 5AB
I C D

6 ! 1 |
, 11,
EF!G! €
76 O6H nlAFF# ! AF AF
HED!
7 55 55

* Typical values of the reportespecific lloss of
power, SLP or SAR(the energy converted into hea
per mass unit) are : 1800 W/g
» Exceptions :
- 35 nm bacterial magnetosomes (960 W/g at
410 KHz and 10 kA/m)
-16 nm -Fe,O; N P ( 1650 W/g
at 700 kHz and 24.8 kKA/m, 300 W/g at 11 kA/r



Magnetic Resonance
Imaging (MRI)
DIAGNOSIS

MRI Timeline

1937 MR phenomenc- Rab

1946 MR phenomenon - Bloch & Purcell
1952 Nobel Prize - Bloch & Purcell
1950-70 NMR developed as analytical tool
1972 Computerized Tomography

1973 Backprojection MRI - Lauterbur

1975 Fourier Imaging - Ernst

1977 Echo-planar imaging - Mansfield
1980 FT MRI demonstrated - Edelstein
1986 Gradient Echo Imaging - NMR Microscor.
1987 MR Angiography - Dumoulin

1991 Nobel Prize - Ernst

1992 Functional MRI

1994 Hyperpolarizeé®Xe Imaging

2003 Nobel Prize - Lauterbur & Mansfield
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Generally thddegative CA are based oSUPErparamagnetic nanoparticles

Example : liver tumour

(@)

without CA with CA
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Magnetic Nanoparticles in  Theranostics :

Biocompatible
shell

Fluorescent
molecule

Molecular
Magnetic nucleus Imaging
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GOx _

Electrod

GOx

Pt
%0.6 V vs. SHE

H,O

The first and the most widespreadly used comm
the blood glucose hiosensor — developed by

1 L=1
0 GOx: Glucose Oxidase
.2 _Glucose

. H,0,
Gluconic Acid

Glucose + O, — “Gluconic Acid + H,0,

2H* +0, +2 &

ercial biosensor:
in 1962

1)

hCGis a 244 amino acid Urine sample
glycoprotein (MW ~37kDa) AT Al

produced by the embryo soon down the stick
alter conception
e [CG-specific
monaclonal Abl
[adsorbed)
r hCG-specific
monoclonal AbZ
[covalently attached)
Sandwich assay:
hCG-specific hCG-specific If Ab1-hCG complex present in

maonoclonal Abl : maonoclonal Ab2 the urine {pregnant), it will get

\wf’ g stuck just where Ab2 i lbcated

But if hCG is not present [not pregnant), hCG
specific monoconal Ab1 will go straight through




[*] F. Bretagnol, A. Valsesia, G. Ceccone, P. Colpo, D.
Gilliland, L. Ceriotti, M. Hasiwa, and F. Rossi Plasma
Processes and Polymers 843 (2006).

» Plasma Deposited Poly Acrylic Acid (ppAA) [*]
» Adsorption of human IgG

* Blocking of the unreacte surfact group: by
BSA

* Reaction with biotinylated Ab-lgG molecules a
different concentrations

» Absorption of streptavidin

» Absorption of biotinylated modified -Fe,O,
superparamagnetic nanoparticles
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'H-NMR measurements
* Room temperature  *H-NMR relaxation times Jand T, evaluated at 20.1, 41 and 60 MHz

biotin + 100 mh of streptavidin biotin + 100 mh of streptavidin biotin + 100 mh of streptavidin
20.1 MH o -
O biotin + 200 nh of streptavidin A1 MHz O biotin + 200 nh of streptavidin 60 MHz O biotin + 200 mh of streptavidin
T T T T T T T T T T T T T 65 T T T T T T T T T T T T T 60 T T T T T T T T T T T T T
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60 05 10 15 20 25 30 00 05 10 15 20 25 30 00 05 10 15 20 25 30
time after addition of streptavidin (hours) time after addition of streptavidin (hours) time after addition of streptavidin (hours)

as a function of time after the addition of stesjdin and quantity of streptavidin ([Strept] = 1immdy.)
The longitudinal relaxation time, ot reported under study
A 10-15% change of the transverse relaxation time,I  Sensitivity of NMR
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SPION-1 H,O 5.5 nm
SPION-1 toluene 5.5 nm
SPION-2H,O 8 nm
SPION-2 Toluene 8 nm
SPION-3 H,O 12 nm
SPION-3 toluene 12 nm
Endorem
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Dynamic Nuclear Polarization : a novel
contrasting technique and its principles

Transfer of polarization from the electron to the nuclear s
system under irradiation of the electronic resonance

vth)mi
2KgT

T
NON EQUILIBRIUM HYPERPOLARIZED STATE

P, (%) = gpfhermal — ¢ tanh(

In Metals and solutions
Overhauser Effect

In solids doped with radicals

Solid State Effect (SE)
SE: non interacting electron§

TM:interacting electrons Do WS A




Polarization of Pyruvic acid at 3.46 T
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13C Pyruvic Acid

Q

3 OH

O
Endogenous molecule
Important for the study
of tumoral activity.

NMR signal increased
by a factor 100000



DNP for metabolic imaging
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Magneto - tiherajpy

Start-up clarifying requests

Biological effects of ELF Extremely Low
Frequency magnetic fields

Mechanisms of interaction

Definition of experimente protoco on cells




Effetto sullaproliferazione cellularéfibroblasti)






