Functional magnetic resonance study of N-acelylaspartate and N-acelylaspartyl glutamate
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Introduction

In the last decade there has been a large interest and debate about the role of N-acetylaspartate in response to the neuronal activation [1, 2]. A row of 3T studies report the stimulation-induced decrease in NAA and the matched increase in NAAG [3, 4]. The aim of this study is to obtain separate NAA and NAAG signals in resting state and during continuous visual stimulation using a 3T scanner with MEGA-PRESS pulse sequence and spectral between-subject averaging.
Methods 
Fourteen healthy subjects aged 21-29 participated in the study. Data were acquired on Philips Achieva dStream 3T using Head-Neck SENSE receive coil. The InVivo Sensavue monitor, the mirror and home-made 8 Hz flashing checkerboard video were used for visual stimulation. The spectroscopy voxel sized 20x40x30 mm was positioned in visual cortex. NAAG spectrum was obtained using MEGA-PRESS sequence with parameters defined in [8]: TE=140 ms, TR=2000 ms, NSA=576, MOIST water suppression (WS) and 35 ms editing pulses applied at δOn=4.61 ppm in ON-series and δOff=4.15 ppm in OFF-series. For the first 288 dynamics (9 min 36 s) the monitor was switched off (resting period), during the remaining 288 dynamics (9 min 36 s) the video was demonstrated. The NAA part of the study was performed after a 5 min break with the monitor switched off. The parameters for the NAA spectra were the same except for the NSA=256 and the editing pulses frequency: δOn=4.38 ppm and δOff=4.84 ppm. The video was switched on after the first 144 dynamics (4 min 16 s of rest followed by 4 min 16 s of activation). Averaged NAA and NAAG spectra in rest and activation were obtained. Integral intensities of NAA, NAAG and lactate+macromolecules (from NAAG spectra) signals in averaged resting and activation spectra were calculated by integrating (sum of the absolute values of the real part of spectra in a chosen ppm range). Noise integrals were estimated as well and used as error values. Mean (±SD) changes in NAA and NAAG peak heights for each subject were also found.
Results
The average BOLD line narrowing was ~0.15 Hz, it was successfully corrected by spectral line-broadening. Figure 1 represent NAA (left) and NAAG (right) spectra, respectively, in resting and activation states averaged from all subjects. Line-broadening (lb=1.5 Hz) was used to improve the representation.
Averaged NAA spectra in rest and activation are practically equal. The integral intensity of the unbroadened spectra calculated in the range of 2.1 to 2.8 ppm was (2.12±0.15)*10-5 both in rest and in activation. Relative changes in NAA peak height values for each subject were 1±7%. The signal-to-noise of a NAAG spectrum is significantly lower than one of NAA, however it is observable that NAAG resonance lines are very similar in rest and activation. The integral intensity of the unbroadened spectra calculated in the range of 2.54 to 2.7 ppm was (4.31±0.26)*10-6 and (4.48±0.29)*10-6 in rest and in activation respectively. Relative changes in NAAG peak height values for each subject were 7±16%. The increase in lactate is observable, its integral intensity (in the range of 1.24 to 1.4 ppm) was increased from (1.47±0.38)*10-6 in resting state to (1.75±0.33)*10-6 in activation.
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Figure 1. Averaged (over 14 subjects) NAA and NAAG MEGA-PRESS spectra of visual cortex in resting and activated state (lb=1.5)
Discussion

The results of this study are in serious contradiction with the study [4]. Neither the integral intensities of NAA and NAAG nor the peak heights (if BOLD-narrowing is corrected) are changed by the continuous visual stimulation, which means that their concentrations are not affected by this type of cerebral activation. However, we suppose that the signal-to-noise of NAAG averaged spectrum should be increased and spectral processing approach has to be improved for the further confidence. The observable increase in Lac is in good agreement with most of the fMRS studies, e.g. [5–7], however, more robust quantification is required in order to exclude the macromolecular signal component from the Lac integral intensity, that increases the error in Lac stimulation-induced change estimation.
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