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� Applications of magnetic nanoparticles to biomedicine – DIAGNOSIS 
AND THERAPY

� Dynamic nuclear polarization – DIAGNOSIS (and THERAPY)
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� Magneto therapy – THERAPY (just begun)

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

SuggestedSuggested book : book : MagnetismMagnetism in Medicine, in Medicine, edseds. W. . W. AndrAndrää and H. and H. NowakNowak, , WileyWiley--VCHVCH
ThanksThanks are due are due toto Q. Q. PankhurstPankhurst and C. and C. SangregorioSangregorio forfor contributionscontributions toto slidesslides
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Actual main collaborationsActual main collaborations
(magnetism, MRI, synthesis, hyperthermia)(magnetism, MRI, synthesis, hyperthermia)
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� Dipartimento di Chimica, Università di Roma, gruppo prof. G. Ortaggi 
� Dipartimento di Chimica, Università di Cagliari, Dr. M.F. Casula
� Dipartimento di Chimica, Universita’ di Modena, gruppo prof. A. Cornia
� Dipartimento di Chimica, Universita' di Firenze, gruppo prof. D.Gatteschi
� Dipartimento di Chimica Fisica, Universita’ di Pavia, gruppo prof. P. Ghigna
� Dipartimento di Chimica, Università di Pisa, Prof. E. Chiellini
� Dipartimento di Chimica, Università di Bologna, Prof. M. Comes Franchini
� Dipartimento di Chimica, Università degli studi di Milano, prof. P. Ferruti e E. 

Ranucci
� Dipartimento di Chimica, Università degli studi di Milano, prof. G. D’Alfonso
� Dipartimento di Scienze Chimiche, Università degli studi di Padova, Dr. V. 

Amendola
� Dipartimento di Scienze Chimiche, Università degli studi di Catania, Prof. G. 

Vecchio
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� Dipartimento di Fisica, Università di Milano Bicocca, gruppo prof. C. Riccardi
� Dipartimento di biologia e biotecnologie “L. Spallanzani”, Università degli 

studi di Pavia, Prof. R. Nano
� Dipartimento di Chimica, Università di Pavia, Prof. Vidari
� Facoltà di Medicina, Università di Pavia, Prof. Dionigi
� Dipartimento di Fisica, Università di Pavia, Prof. Altieri
� Dipartimento di Scienze Farmacologiche, Universita’di Milano, Prof. R. 

Paoletti, Prof. E.Tremoli, Dr.U.Guerrini, Dr.G.Sironi
� Dipartimento di Scienze Morfologiche-Biomediche, Università degli studi di 

Verona, Prof. P. Marzola, Prof. A. Sbarbati
� Dipartimento di Scienze Farmacologiche e Biomolecolari, Università degli 

studi di Milano, Prof.ssa V.F. Sacchi, Dr.ssa A. Rizzo
� Dipartimento di Chimica, Università degli studi di Milano, Dr. M. Scavini
� INFM-CNR,National Nanotechnology Laboratory, Dr. T. Pellegrino, Dr. D. 

Cozzoli, Dr. L. Manna, Prof. R. Cingolani
� Department of Chemistry, Humboldt Universitat – Berlin (Germania), Prof. N. 

Pinna
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Projects openProjects openProjects openProjects open

� FIRB Riname – PI prof. D. Gatteschi (INSTM – FI)

� Fondazione Cariplo“Chemical synthesis and characterization of magneto-
plasmonic nano-heterostructures” – PI Prof. P. Ghigna (INSTM-PV)

� AIRC “Magnetosomes as nanotechnology platform for thermotherapy of 
tumour”, PI A. Sbarbati(UNIVR)
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� Fondazione Cariplo“Chemical synthesis and characterization of magneto-
plasmonic nano-heterostructures” – PI Prof. P. Ghigna (INSTM-PV)

� AIRC “Magnetosomes as nanotechnology platform for thermotherapy of 
tumour”, PI A. Sbarbati(UNIVR)tumour”, PI A. Sbarbati(UNIVR)

� European project NANOTHER, PI Gaiker (Spain), just endedjust ended

� INSTM – Regione LombardiaMAGNANO, PI A. Lascialfari

� Contract UNIPV – BraccoSpA (DNP)
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Experimental techniques at NMR groupExperimental techniques at NMR groupExperimental techniques at NMR groupExperimental techniques at NMR group

Universita’ degli studi di Pavia

�� MRI  MRI  EsaoteEsaote , , ArtoscanArtoscan, H= 0.2 Tesla

�� NMR : broadband NMR : broadband spectrometersspectrometers(Bruker, Tecmag, Mid-Continent) covering a frequency
range 4-400 MHz. Magnetic field 0-9 Tesla. Temperature : 0.3-1000 K. 

�� Quantum Design SQUID magnetometerQuantum Design SQUID magnetometer. Temperature:  1.7-800K. 

Magnetic Field : -7 ̧ 7 Tesla.

�� Adiabatic calorimeter,Adiabatic calorimeter, 1.5 < T < 300 K
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�� ”Wide”Wide--band” EPRband” EPR

Universita’ degli studi di Milano

�� Atomic Force MicroscopyAtomic Force Microscopy/ Scanning Tunneling Microscopy / Magnetic Force Microscopy -
Autoprobe CP Research System - Veeco. Working temperature range 0-60�•C.

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

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

(MRI : Bruker AMX200 , 4.7 Tesla, super-wide-bore, rats and mice coils. Physiological 
parameters’ control)
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SMART Tracer  SMART Tracer  
Frequency : 10KHz Frequency : 10KHz –– 10MHz10MHz

FTFT--spectrometers spectrometers 
and electromagnetsand electromagnets

"�"�#���
#���
 �
�����
����

$��$�� ���
����
����
������ �
������

"�"�#���
#���
 �
�����
����

$��$�� ���
����
����
������ �
������

��
�����
��� �����%
������%
� &'(� &'(�#���
#���


����������
�����
���

��
�����
��� �����%
������%
� &'(� &'(�#���
#���


����������
�����
���

�+��'
�+��'
���	
���
�
����	
���
�
�

)�#��
	���)�#��
	���



)��	����)��	���� �
��	�,!
��
��	�,!
� �
���
� �
���
� ���� �!� �!� �
�
�����
�
����

���	
������	
��� -�!�� -�!�� �#�
���
�����#�
���
���� .�-�/
��
 .�-�/
��
���	
����
�������	
����
����
������
�����&0������
�����&0

77 �
���	��
���	� 
1����1
1����1 �������
����������
��� �5�5 �)
�)

���	
������	
��� 1�
�� 1�
�� &������&��������
�&�
�����
�&�
��� �5�5 AB�
�! �!���������� ���
�� �� C� D ����
�����
�6 �!����
�� ���
1��
�!���
,������������������������ .�!�����
�1��1������ ,��
�
EF�!�G�! C.EF�!�G�! C.
77  6������6 6������6 H�H� nn I�AFF�#/���I�AFF�#/����!���
����!���
��� AF� AF�
#"#"G!G!
77 �����������������������55��
��55��
�

• Typical values of the reportedspecificspecific loss loss ofof
powerpower, SLP or SAR , SLP or SAR (the energy converted into heat
per mass unit) are : 10¸ 200 W/g 
• Exceptions : 

- 35 nm bacterial magnetosomes (960 W/g at
410 KHz and 10 kA/m) 

- 16 nm� -Fe2O3 N P ( 1650 W/g
at 700 kHz and 24.8 kA/m,  300 W/g at 11 kA/m)



MRI Timeline
1937 MR phenomenon - Rabi

MagneticMagnetic ResonanceResonance
ImagingImaging (MRI)(MRI)
DIAGNOSISDIAGNOSIS
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1937 MR phenomenon - Rabi
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 Microscope 
1987 MR Angiography - Dumoulin 
1991 Nobel Prize - Ernst 
1992 Functional MRI 
1994 Hyperpolarized 129Xe Imaging 
2003 Nobel Prize - Lauterbur & Mansfield 
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� Generally the negativeCA are based on superparamagnetic nanoparticlessuperparamagnetic nanoparticles� Generally the negativeCA are based on superparamagnetic nanoparticlessuperparamagnetic nanoparticles

Example : liver tumourExample : liver tumour

without CA with CAwithout CA with CA
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Magnetic Nanoparticles in Magnetic Nanoparticles in TheranosticsTheranostics :
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AntibodyAntibody

Magnetic nucleusMagnetic nucleus

BiocompatibleBiocompatible
shellshell

Fluorescent Fluorescent 
moleculemolecule

DrugDrug
Molecular Molecular 
ImagingImaging
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• Plasma Deposited Poly Acrylic Acid (ppAA) [*]
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• Adsorption of human IgG

• Blocking of the unreactedsurface groups by
AbIgG-c-Biotin

IgG

�	"

��""

[*] F. Bretagnol, A. Valsesia, G. Ceccone, P. Colpo, D.
Gilliland, L. Ceriotti, M. Hasiwa, and F. Rossi Plasma
Processes and Polymers 3, 443 (2006).

• Blocking of the unreactedsurface groups by
BSA

• Reaction with biotinylated Ab-IgG molecules at
different concentrations

• Absorption of streptavidin

• Absorption of biotinylated modified � -Fe2O3
superparamagnetic nanoparticles
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1H-NMR measurements
* Room temperature       * 1H-NMR relaxation times T1 and T2 evaluated at 20.1, 41 and 60 MHz 
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as a function of  time after the addition of streptavidin and quantity of streptavidin ([Strept] = 1mg/mL)

The longitudinal relaxation time T1 not reported � under study
A 10-15% change of the transverse relaxation time T2 ��� � Sensitivity of NMRSensitivity of NMR
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Dynamic Nuclear Polarization : a novel
contrasting technique and its principles
Dynamic Nuclear Polarization : a novel
contrasting technique and its principles

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

NON EQUILIBRIUM HYPERPOLARIZED STATE

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

NON EQUILIBRIUM HYPERPOLARIZED STATE

� In Metals and solutions
Overhauser Effect

� In solids doped with radicals
Solid State Effect (SE)
Thermal mixing Effect (TM)

� In Metals and solutions
Overhauser Effect

� In solids doped with radicals
Solid State Effect (SE)
Thermal mixing Effect (TM)
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SE: non interacting electrons
TM:interacting electrons



Polarization Polarization ofof PyruvicPyruvic acid at 3.46 Tacid at 3.46 TPolarization Polarization ofof PyruvicPyruvic acid at 3.46 Tacid at 3.46 T
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� Endogenous molecule, 
important for the study
of tumoral activity.

� NMR signal increased
by a factor 100000

� Endogenous molecule, 
important for the study
of tumoral activity.

� NMR signal increased
by a factor 100000



DNPDNP for metabolic imagingfor metabolic imagingDNPDNP for metabolic imagingfor metabolic imaging
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MagnetoMagneto -- therapytherapyMagnetoMagneto -- therapytherapy
Start-up clarifying requests
� Biological effects of ELF (Extremely Low
Frequency) magnetic fields
� Mechanisms of interaction
� Definition of experimentalprotocolon cells
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� Effetto sulla proliferazione cellulare (fibroblasti)� Effetto sulla proliferazione cellulare (fibroblasti)
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