Investigating the metabolic changes due to visual stimulation using functional proton magnetic resonance spectroscopy at 7T

Y. Lin"?%, M. C. Stephenson', S. J. Wharton', L. Xin®, O. E. Mougin', A. Napolitano*, and P. G. Morris'
'Sir Peter Mansfield Magnetic Resonance Centre, University of Nottingham, Nottingham, Nottinghamshire, United Kingdom, “Medical Imaging Department, Second
Affiliated Hospital, Shantou University Medical College, Shantou, Guangdong, China, People's Republic of, *Laboratory of Functional and Metabolic Imaging, Ecole
Poly technique Federale de Lausanne, Lausanne, Switzerland, “Academic Radiology, University of Nottingham, Nottingham, Nottinghamshire, United Kingdom

Introduction Detection of functional changes in 'H metabolites may enable a greater understanding of neurotransmitter activity and metabolic pathways used for
energy synthesis during activation of brain tissue. Previous MRS studies of the activated human brain mainly focused on observing Lactate (Lac) changes [1-3]. More
recent studies by Mangia et al [4], taking advantage of the increased signal and spectral resolution at 7T, have investigated the change in the level of Lac, glutamate
(Glu), Aspartate (Asp) and Glucose (Glc) during activation. However, Mangia did not measure significant change in the level of gamma aminobutyric acid (GABA)
and Glutamine (GIn), which might be expected to change due to increased neurotransmitter cycling rates during activation[5]. Moreover, brain imaging techniques have
demonstrated that functionally active neurons show increased metabolic activity and oxygen consumption [6], resulting in increased generation of reactive oxygen
species (ROS), which have been shown to cause cell damage [7]. The tripeptide Glutathione (GSH), made up of the amino acids Glu, cysteine (Cys) and glycine(Gly),
has been thoroughly investigated as an important intracellular antioxidant/free radical scavenger[7]. No prior studies in "H-MRS have reported the effect of visual
stimulation on brain activity-simulated GSH responses. The purpose of this study was to confirm and quantify the changes in the levels of Glu, GABA, and Gln, and to
further investigate GSH, Lac, Asp and Glc in response to functional visual stimulation In doing so, we hope to establish a clear picture of brain metabolism and
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(p=0.021, see Fig.3(a)), Asp decreased by 9%+6%( p=0.044, see Fig.3(e)), Lac increased by 9%+6%

and Glc decreased by 30%=+14%. Interestingly, the brain GSH concentration was found to be elevated by 7%+2% (p=0.011, see Fig.3(c)) during neuronal activation, in
parallel with decreased brain Gln and Gly, by 5%+3% (p=0.044, see Fig,3(b)) and 19%+5% (p=0.038, see Fig.3(d)), respectively. No statistically significant difference
was observed for GABA and other metabolites.

Discussions and Conclusions: The observed changes of Asp, Glc and Lac concentrations in response to visual stimulation support the suggestion by Mangia [4] that
sustained neuronal activation raises oxidative metabolism to a new steady state. Our observations of increased Glu with decreased Gln in the visual cortex during
stimulation are consistent with our previous pilot results [10], and indicate a stimulus driven increase in excitatory neurotransmitter cycling. Glu plus Gln did not
change, further implying a shift in the Glu-Gln interconversion. No significant change was measured in GABA. The elevated GSH in the visual cortex in response to
visual stimulation is a new observation. Possible reasons for it include detoxification of ROS species or clearance of the increased Glu (Glu is a metabolic precursor of
GSH), generated during the intense neuronal activation. Gly is also a precursor of GHS and a decrease on activation is consistent with increased GSH synthesis. On the
basis of these results acquired from the visual cortex, we propose an increase in oxidative metabolism, excitatory neurotransmitter cycling and GSH synthesis, possible
related to Glu clearance and ROS detoxification.
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