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Magnetic resonance spectroscopy (MRS) provides a non-invasive ‘window’ on biochemical processes within the

body. Its use is no longer restricted to the field of research, with applications in clinical practice increasingly
common. MRS can be conducted at high magnetic field strengths (typically 11-14 T) on body fluids, cell extracts
and tissue samples, with new developments in whole-body magnetic resonance imaging (MRI) allowing clinical
MRS at the end of a standard MRI examination, obtaining functional information in addition to anatomical
information. We discuss the background physics the busy clinician needs to know before considering using the

technique as an investigative tool. Some potential applications of hepatic and cerebral MRS in chronic liver
disease are also discussed. (J CLin Exp HepaToL 2015;5:320-328)

he biomedical applications of nuclear magnetic

resonance (NMR) are twofold: magnetic resonance

imaging (MRI) and magnetic resonance spectros-
copy (MRS). The applications of MRS as a research tool are
extremely diverse, encompassing studies on isolated cells,
body fluids and perfused organs at high magnetic field
strengths in an experimental, laboratory-based setting and
also in vivo studies using clinical MR systems.1 In vivo
clinical MRS on whole-body MRI scanners has been used
to study the metabolism of well-defined regions of the
human body, affording a non-invasive ‘metabolic window’
on a wide range of biochemical processes in the body,
including the composition and function of human organs
in vivo.” Clinical MRS developments have exploited many
of the advances in MRI at the magnetic field strengths now
used (typically 1.5-3.0 T) and the use of magnetic field
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gradients. The sensitivity and spatial resolution of MRS is
a limiting factor in vivo, but parallel utilisation of in vitro
MR spectroscopy of tissue extracts, body fluids and cell lines
at much higher magnetic field strengths (typically 11.7-
1417T) allows more definitive interpretation of the
in vivo data. In this article, we aim to equip the clinician
with knowledge of the background physics involved in MRS,
so that informed decisions can be made for research studies.

NUCLEAR MRS

NMR refers to the behaviour of atoms subjected to a mag-
netic field. The phenomenon was first described in 1946 by
Bloch and Purcell. Atoms with an odd mass number such as
'H, *>'P and "’C possess the quantum property of “spin”
and behave as dipoles aligning along the axis of an applied
magnetic field (Figure 1). During relaxation following exci-
tation, radiofrequency signals are generated which can be
expressed as a frequency spectrum. Hydrogen is the most
abundant atom in living organisms and using high power
magnetic fields on in vitro samples, high resolution meta-
bolic spectra can be obtained with clearly defined metabolite
peaks of small molecules (<2 kDa).

NUCLEAR SPIN AND ORIENTATIONS

Nuclear resonance occurs because the nuclei of at least one
of the isotopes of most elements possess a magnetic
moment. A magnetic moment arises because the nucleus
may have ‘spin’, and is also charged. “Spin” can be
understood as the nucleus of an atom spinning around
its own axis.’

When placed in a constant magnetic field, nuclei that
possess spin can be excited, the energy of the magnetic
moment depends on the orientation of the nucleus with
respect to that field.? Application of electromagnetic
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Figure 1 Precession of protons aligned to a magnetic field (Bo).

radiation at a suitable frequency can stimulate transitions
between high and low energy states, this transition in
energy level providing the basis for NMR spectroscopy,
as the energy absorbed can be detected.™

In an applied magnetic field, the magnetic moments of
nuclei become oriented relative to the direction of the
applied field in a number of ways, determined by the
nuclear spin quantum number, I. For protons, I =Y, so
the number of orientations of proton magnetic moments
in the applied field is (2 x % + 1) = 2, i.e. parallel and anti-
parallel to the applied field direction.” These two orienta-
tions are characterised by two different energy levels (the
parallel orientation being lower in energy than the anti-
parallel) whose separation AE depends on the applied field
strength, Bo, as given in equation, where b is Planck’s
constant (Figure 2).*

Electromagnetic radiation in the radio-frequency range
causes transitions between the two energy levels, giving the
possibility of '"H NMR spectra. Since AE = hv, it follows
that the resonance frequency v is proportional to the field
strength By.
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Resonant absorption by nuclear spin will occur only when elec-
tromagnetic radiation of the correct frequency (Larmor preces-
sion rate) is applied to match the energy difference between the
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Field strength, BO

Figure 2 Energy levels depicted on a 2 | spin nuclei.

nuclear spin levels in a constant magnetic field of appropriate
strength.

CHEMICAL SHIFT

In a molecule, the magnetic field that a particular proton
experiences is influenced by that due to the motions of
nearby electrons (the chemical environment to which it is
subjected). Differently sited protons experience slightly
different effective applied fields and resonate at slightly
different frequencies; it is this which gives '"H NMR its
diagnostic value, as this property can be used to discern
different proton environments within molecules.” This
effect is called ‘chemical shift’ and if a nucleus in a specific
chemical group is shielded to a higher degree by a higher
electron density of its surrounding molecular orbital, then
the NMR frequency will be shifted “up field” (that is a
lower chemical shift), whereas if it is less shielded by
surrounding electron density, then the NMR frequency
will be shifted “downfield” (that is, a higher chemical
shift). Thus, the magnetic environment experienced by
each MR sensitive nucleus may be different. Although
all nuclei are dominated by the static magnetic field
strength, By, and by the applied field B;, they will also
experience alocal magnetic field due to the magnetic fields of
the electrons within their immediate chemical environment.
Thus, the degree of shielding or enhancement of the local
magnetic field by electron currents depends upon the exact
electronic environment, which is a function of the precise
chemical structure of the molecule.”

SPIN-SPIN COUPLING

When protons occur in more than one kind of environ-
ment within a molecule, circumstances may allow their
spins to interact with one another. The influence of one
proton’s spin on another is due to the shielding effects of
its electrons, which can cause the magnetic energy experi-
enced by a neighbouring proton to be slightly stronger or
weaker if the magnetic moment of the neighbouring pro-
ton is parallel or perpendicular to the magnetic force
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