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The neurochemical profile quantified by in vivo 1H NMR spectroscopy
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Proton NMR spectroscopy is emerging from translational and preclinical neuroscience research as an impor-
tant tool for evidence based diagnosis and therapy monitoring. It provides biomarkers that offer fingerprints
of neurological disorders even in cases where a lesion is not yet observed in MR images. The collection of mol-
ecules used as cerebral biomarkers that are detectable by 1H NMR spectroscopy define the so-called “neuro-
chemical profile”. The non-invasive quality of this technique makes it suitable not only for diagnostic
purposes but also for therapy monitoring paralleling an eventual neuroprotection. The application of 1H
NMR spectroscopy in basic and translational neuroscience research is discussed here.
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Introduction

Enormous advances are occurring in the elucidation of the patho-
genesis of neurological disorders. Their genetic characterization and
the creation of transgenic mice developing human-like phenotypes
of neuropathologies and neurodegeneration have greatly contributed
in the effort for revealing the biochemical mechanisms of disease de-
velopment and progression. We have now reached the moment when
diagnostic tools are required to be reliable, applicable in a non-
invasive way and to make a bridge between the clinical application
and basic research. 1H NMR spectroscopy is a potentially valuable, if
not the best candidate to fulfill this role, since it allows monitoring
brain neurochemistry in humans and animal models of neurological
disorders in a non-invasive way, thus applicable longitudinally to
monitor degeneration during disease progression or recession upon
effective therapeutic intervention. Since exactly the samemethodolo-
gy can be applied to the human and to laboratory animals, it can be

translated to the clinical routine. However, 1H NMR spectroscopy of
the rodent brain is technically challenging. These challenges of spec-
troscopy in rodents and particularly in mice had to be overcome to
obtain reliable and quantifiable data. The small size of the animal's
head implies that the region of interest for the NMR measurement
is typically close to the interface between the diamagnetic tissue
and the paramagnetic oxygen in air, thus inducing strong B0 inhomo-
geneity. Efficient minimization of B0 inhomogeneity (shimming) is
required to achieve increased spectral resolution. Macroscopic sus-
ceptibility effects in different regions of the rodent brain can be elim-
inated with the use of contemporary shim coil designs for high order
shimming. The inherently small size of the region of interest is further
reduced when one aims to localize the spectra not only within the
brain but to functionally different cerebral areas, thus reducing sensi-
tivity that is the main intrinsic challenge of NMR spectroscopy. Sensi-
tivity can, however, be optimized using for example quadrature
surface coils for signal reception rather than using a transceiver
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Fig. 1. Compounds detected in the brain with in vivo 1H NMR spectroscopy. Spectrum was acquired from the rat hippocampus at 14.1 T using SPECIAL.
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