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OUTLINE

Risonanza magnetica nucleare (NMR)
Temperatura di spin

Tomografia a risonanza magnetica (MRI)
Iperpolarizzazione dei nuclei

Imaging molecolare in vivo
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La nascita del NMR in Europa




NMR ogg

Interferometer

4 Magnetic tip

=
-
<
a
a)
<L
==
w
a%
LL]
=
=
=




Cos’e 'NMR?

L'NMR studia I’evoluzione temporale della MAGNETIZZAZIONE
nucleare determinata dalle interazioni a cui sono soggetti i nuclei.
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Nuclear magnetic moment M=yhl"

Common NMR Active Nuclei

Izsotope Spin ®oage
7 abundance

1/2 99.985
1 0.015
1/2 1.108
1 99.63
1/2 0.37
5/2 0.037
1/2 100

Thermal equilibrium 3/2 100
1/2 100
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Come interrogare i nuclei? Impulsi RF
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Impulsi RF e temperatura di spin
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Tempo di rilassamento T, ed effetto sul segnale
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Tomografia MRI

MRI sull’'uomo: risoluzione fino a 100 um in piano a 7 Tesla




Tomografia MRI
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Misure T, pesate

Densita protonica T, pesata
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Mezzi di contrasto per MRI

B.M.Ellingson et al. , Radiology 271, 200 (2014)
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F. Palesi et al. (2014)
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Problema Sensibilita —>lIperpolarizzazione
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Iperpolarizzazione dei Nuclei (DNP)
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Setup sperimentale

Sistema di diluizione

Polarizzatore

Apparato MRI

Iniezione in vivo

Tragitto del campione iperpolarizzato diluito
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Descrizione Iperpolarizzazione: Thermal Mixing
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Raffreddamento degli spin elettronici
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13C Molecular Imaging
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DNP - Imaging molecolare in medicina

M.Filibian et al., PCCP 16, 27025 (2014)
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DNP- Imaging molecolare in medicina
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N.J. Stewart and S.Matsumoto, doi:10.2463/mrms.rev.2019-0094
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DNP-Imaging molecolare in medicina

T1-weighted Pyruvate

J.T. Grist et al., Neuroimage 189, 171 (2019)




Remote DNP

a Preparation of an impregnated micropowder

impregnation
with a DNP solution

SEM of [1-"*C] sodium pyruvate
b  spin diffusion relayed 'H DNP

Component
that Contains the Metabolites
(CPM)
Micropowder

Component with Polarizing Agents
(CPA)
DNP solution

¢ 'H="C cross polarization
o~ °

Polarization transfer

by rf pulses

u‘hj DMP solution

micropowder

0 20 40 60 &0
time (minutes)

d “Ctrapped-state at 4.2 K

' o 06
= 04

Creation of a “C trapped DNP solution
hyperpﬂllarized state D.Dﬂ ' .‘II.‘?_'. ] '2'4' ] 3;5
in the micropowder time (hours)

micropowder

g 0 b0 s s Ugsal iig

_h.-
oo

X.Ji et al. , Nature Commun. 8, 13975 (2017)




Remote DNP
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Radicali metastabili indotti da luce UV

OH %
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Hyperpolarization without persistent radicals for in
vivo real-time metabolic imaging
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Dynamic Nuclear Polarization
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NMR e MRI a Pavia

I go

~

Besd v

FrATANCEY 7008 US



<
.
<
a-
a)
<
=
W
(a%
L
"
=
=)




GRAZIE PER LATTENZIONE

UNIVERSITA
DI PAVIA



