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Introduction 
Neurochemical changes associated with functional activation have been shown using 
MRS [1,2], providing a crucial link between neuronal and haemodynamic responses. 
Adjacent to activated regions, or positive BOLD responses (PBRs), regions of reduced 
blood flow and metabolic rate of oxygen consumption have been widely reported [4] that 
lead to a negative BOLD response (NBR). NBRs have been found to correlate with 
decreased neuronal activity in the same region [5]; baseline GABA levels have been 
shown to predict NBR amplitude in humans [6] and it has been suggested that the NBR 
could reflect local neural inhibition [7]. We aim to use a previously proposed two-voxel 
Hadamard encoded semi-LASER sequence [8], along with a visual stimulus, to compare 
neurochemical change simultaneously in adjacent regions of PBR and NBR.  
Methods 
Five volunteers were scanned using a whole body 7T MR system (Siemens, Erlangen) 
with Nova Medical 32-channel receive array head-coil. A short fMRI localiser scan was 
acquired (18s baseline, 18s active) during presentation of a rotating visual stimulus (Fig. 
1), capable of generating PBR and NBR in the primary visual cortex [9]. The Hadamard 
encoded semi-LASER sequence, with VAPOR water suppression and outer volume 
saturation [10] (TR=7s, TE = 32ms, refocusing bandwidth = 5.3kHz, voxel size = 
10x20x20mm3) was used to acquire spectra from the two voxels simultaneously. 
Functional spectroscopy was then performed using the stimulus, with 64 averages 
(~7.5mins) per condition. Individual spectra were B0-drift and phase corrected and 
metabolites were quantified with LCModel [11]. Only those measured reliably 
(Cramér-Rao lower bounds (CRLB) < 30%, cross correlation coefficients r > -0.5) 
were used in the analyses. Concentrations were corrected for CSF content in each 
voxel and scaled to total creatine. 
Results and Discussion  
During PBR, creatine linewidths were narrower with increasing BOLD strength, in 
agreement with previous studies [3] (Fig. 2a). In contrast, an opposite trend was 
observed in NBR reflecting the shortened T2*. Metabolite concentration changes were 
analysed for each subject and then averaged across all subjects. Combined glucose 
and taurine (Glc+Tau) concentrations were found to increase in NBR relative to baseline 
(15.3%, p=0.19), whereas a tendency to decrease was observed during PBR (-7.5%, 
p=0.39) (Fig. 2b). Although not yet significant, these trends support previous work 
reflecting the elevated glucose consumption rate in PBR [2]. An increase in Glc+Tau 
during NBR could indicate a preference for oxidative metabolism during inhibition [12], 
thus leading to a transient build up of Glc+Tau. Total glutamate and glutamine (Glx) 
increased significantly across all subjects in PBR (8.3%, p=0.02) and tended to 
decrease in NBR (-3.7%, p=0.17). An increase in Glx could reflect an elevated flux 
through the MAS shuttle, triggered by the increased Glc metabolism, as suggested 
previously [2]. Baseline metabolite levels for each subject were then regressed against 
the mean NBR signal change (Fig. 3). Baseline GABA was found to correlate positively 
with NBR strength (r=0.7), whereas larger Glx levels were found to correlate to a 
reduced NBR (r=-0.8). This may indicate a link between local inhibition-excitation 

balance and blood flow/metabolism 
coupling. If inhibitory function relies on 
oxidative metabolism, such that the 
oxygen consumption rate is greater than any relative decrease in cerebral blood flow, 
an NBR could be generated (Fig. 4). More subjects are required to increase the 
statistical certainty of these hypotheses and elucidate the neuronal-metabolic 
mechanism of both PBR and NBR. 
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Fig. 2a) (right): Cr 
linewidth change during 

PBR and NBR (r = 
correlation coefficient). 
2b) (above): Metabolic 
changes during active 
condition, p-values: 

paired two-tailed t-test. 

Fig. 3: Baseline GABA and Glx levels predict negative 
BOLD response amplitude (r = correlation coefficient). 

Fig. 1: BOLD activation map for single subject. 
Reversing checkerboard stimulus with counting task 
generates adjacent PBR and NBR in visual cortex. 

Example spectrum from single participant 64 averages. 

Fig. 4: Possible mechanism 
of PBR/NBR. NBR may be 

driven by oxidative 
metabolism of inhibition. 
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