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Abstract

Magnetic resonance spectroscopy (MRS) is a non-invasive technique that can be used to determine the
chemical composition of biological tissues in a conventional MRI scanner. Due to its non-invasive
nature, in vivo proton MRS has been referred to as a ‘virtual biopsy’ and allows a unique metabolic
fingerprint of certain pathologies to be determined. There are a variety of technologies available to
perform MRS, including one-dimensional (1D) and two-dimensional (2D) spectroscopy. 1D
spectroscopy has several limitations, including difficulty separating peaks secondary to peak overlap.
In contrast, 2D spectroscopy separates the resonances in a second magnetic frequency, allowing
unambiguous assignment of metabolites and new molecules to be assigned that were previously not

visible in the 1D spectrum.

The first contribution to arise from this thesis was to apply the novel spectroscopy technique, 2D MRS,
specifically 2D-Localised COrrelated SpectroscopY (2D L-COSY), to assign and identify fucosylated
glycans in the brain in vivo. Using 2D L-COSY up to six fucose-a (1-2) — galactose species were able to
be successfully assigned. These species have previously been shown to be important in learning and
memory. This is the first time in decades that a new metabolic assignment has been made in the brain

in vivo using MRS.

Post processing is an important step in spectroscopy data analysis, ensuring accurate and reproducible
results. In the second contribution to arise from the thesis, methods to perform partial volume
correction for spectroscopy studies were developed and evaluated. Additionally, methods to extract
metrics of interest, such as the number of white matter lesions, from a MRS voxel were determined
and published. This allowed these metrics of interest to be correlated with the metabolic differences
found using spectroscopy. These technigues were then applied in some of the clinical studies described

below.

In this thesis, 2D L-COSY was applied to several clinical conditions, specifically Posttraumatic Stress
Disorder (PTSD) and Multiple Sclerosis (MS) as well as the healthy brain. PTSD is a debilitating trauma
and stressor related disorder that results in complex somatic, cognitive, affective and behavioural
effects after an individual is exposed to a traumatic event. In the process of the study, a systematic
review of the literature characterising metabolite differences in PTSD, assessed using MRS, was
undertaken. Currently, there is no objective imaging diagnostic tool for PTSD, and there is a need for
further imaging tools to diagnose and monitor the condition. Unlike PTSD, MS is a chronic autoimmune

demyelinating disease that has typical imaging findings on MRI. Despite this, there is a disconnect
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between the MRI imaging findings and the patient’s clinical disease severity. There is a great need for
further imaging bio-markers in MS. Given the emergence of multiple new biological disease modifying

agents, further imaging tools are needed to determine the efficacy of new treatments.

Using 1D MRS and 2D L-COSY in PTSD, multiple metabolic differences were identified that separated
patients from healthy controls. Using 1D spectroscopy, there was a reduction in absolute inositol,
inositol: Cr in the posterior cingulate cortex, and an increase in (Glu): tCr and Glx: tCr in the posterior
cingulate cortex. Reduced inositol in the posterior cingulate cortex has not been previously described
using 1D MRS and may be secondary to apoptosis of astrocytes. Using 2D MRS additional metabolic
differences in PTSD were identified, not previously described using 1D MRS, such as a reduction in total
fucose and the fucosylated glycans fuc IV and VI in the posterior cingulate cortex. Fucosylated glycans
are thought to be contained within synapsin proteins in the brain, and this may be the first in vivo
evidence of dysregulation of synapsin in PTSD. The only metabolite (IMI-1) that correlated with clinical

symptoms was found using 2D L-COSY.

Multiple differences in chemical signatures were again found using 2D L-COSY to quantify
neurochemical changes in the brains of patients suffering from relapsing and remitting multiple
sclerosis (RRMS). Specifically, a significant reduction in multiple N-acetylaspartate (NAA) signatures,
GABA and Glx, was identified in the posterior cingulate cortex in RRMS when compared to healthy
controls. Of the clinical symptoms measured, visual spatial function and attention were most
correlated with metabolites in the brain. Here the first in vivo evidence has been provided that 2D L-
COSY has the potential to detect metabolic alterations in the normal appearing brain in multiple
sclerosis and PTSD. Metabolic variability associated with clinical symptoms was detected despite only

examining a localised region in both conditions.

This research has shown that 2D L-COSY is a useful additional spectroscopy technique, which can be
used to identify additional neurochemical changes in the brain, when compared to conventional 1D
spectroscopy. Although technological advances are required, this technique may one day provide
clinicians with much needed imaging biomarkers for conditions that have no conventional imaging or

limited clinically relevant imaging findings.
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