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Introduction:  Recently, the importance of thalamocortical projections (TC) to the primary somatosensory cortex (S1) has generated a lot of interest1.Thalamic nuclei 
such as the VPM and POM represent an important relay for functional information processing of the ascending response to whisker or forepaw stimulations. Moreover, 
TC inputs to S1 are known to modulate both glutamatergic and GABAergic transmissions2. However, the metabolic mechanisms of regulation of the barrel cortex by TC 
transmissions remain unclear.  Changes of metabolite concentrations in S1 of rats during stimulation have been evaluated using functional proton magnetic resonance 
spectroscopy (fMRS) 3,4.  In the present study, fMRS was conducted in the primary somatosensory barrel field cortex and in the thalamus during rest and functional 
stimulation. In addition, the underlying mechanisms of glutamatergic and GABAergic transmissions from thalamus to barrel cortex were explored.  
 Methods: Male Sprague-Dawley rats (n=18, 350±40g) were intubated and catheterized for α-chloralose administration and blood gas sampling. Body 
temperature and blood parameters were maintained at physiological levels (T=37.5ºC ± 0.5ºC; 
pH=7.4±0.05, pCO2=39.7±7mmHg and MABP=148.9±11mmHg) throughout each experiment. An 
injection of Pancuronium Bromide (Sigma, Switzerland) of 0.7ml/h was performed to minimize tremors.  
Each rat was positioned in a dedicated stereotactic holder which was tilted in the magnet for a better 
positioning of voxels for fMRS of the barrel cortex. Trigeminal nerve stimulation: Electrodes were 

percutaneously inserted in the left infraorbital nerve. Electrical stimulation of one trigeminal nerve 
(TGN) was performed using an external stimulator (WPI, Stevenage, UK; 1Hz, 2-3mA). fMRS: 
Experiments were performed on an actively shielded 9.4T/31cm bore magnet (Agilent, USA) with 12 
cm gradients and a surface coil. Shims were adjusted using FASTMAP5. Localized Proton 
spectroscopy was performed using SPECIAL6.  The voxel of interest for the thalamus was chosen by 
reference to the Paxinos and Watson atlas (Fig1) so that it encompasses the VPM and POM structures. 
Its size was 3x3x4mm3.  In the barrel cortex, the VOI size was 1.5x3x5mm3. For each VOI, 1H spectra were acquired during 32 minutes of rest followed by 32 minutes 
of TGN stimulation corresponding to 480scans (30x16) per period.  The raw 1HMRS spectra corrected for frequency drift and summed were used for LCModel analysis 
with a basis set of 21 simulated metabolites.  The neurochemical profiles in the thalamus and S1BF were measured serially for 7 rats starting with the thalamic nuclei at 
rest followed by a 32-min TGN stimulation period. A 15-min period of time was left before acquiring in S1BF at rest, which was used to tilt the holder and perform 
further adjustments (morphological T2 imaging and Shim). BOLD responses in the barrel cortex were 
measured post-fMRS measurements using single shot gradient echo EPI and assessment of BOLD 
effect was performed with SPM8 and STIMULATE7. A one-way Anova test with Bonferroni 
correction was used to compare metabolite concentrations at rest and during stimulation. The 
significance level was set at 0.05. All the results are presented as Mean±SEM. 
Results: Fig.2 compares neurochemical profiles for the rest and stimulation periods for contralateral 
S1BF and Thalamus. High spectra SNR levels were measured in S1BF (91±8) and in the thalamus 
(56±6). Reliability of concentration estimates was controlled with Cramer-Rao lower bounds (CRLB) 
that were under 6% for Glu and 32% for Lac and GABA in S1BF and thalamus. For Asp, CRLB were 
below 24% and 30% for S1BF and thalamus respectively while they were below 20% for GSH in 
S1BF but around 60% in the thalamus.   In accordance with previous measurements in humans8 and 
rats3, [Lac] (p< 0.0004) and [Glu] (p=0.02) increased significantly during TGN stimulation.  However, 
[Asp] only demonstrated a tendency to decrease (p=0.09) and strong tendencies to increase were found 
for [GABA] (p=0.07) and [GSH] (p=0.08) during S1BF activation. In the thalamus, [Lac] (p=0.01) and 
[GSH] (p=0.03) increased significantly relative to the rest period whereas [Asp] decreased significantly 
(p=0.0094). Interestingly, [Glu] also showed a tendency to decrease in the thalamus during TGN 
stimulation (p=0.06).  Moreover, thalamic [GABA] were linearly and negatively correlated to S1BF 
[GABA] levels during stimulation but not at rest (Fig.3, n=6). [Glu] levels in the thalamus were not 
correlated to [Glu] in S1BF whether at rest or during stimulation (not shown).  
Discussion and Conclusion: In the present work, the neurochemical consequences of TGN stimulation 
were investigated in two structures pertaining to the whisker to barrel cortex 
pathway. Significant increases in Lac levels appear to be a hallmark of TGN 
stimulation in thalamic nuclei and in S1BF while Glu levels have opposed 
behaviours during stimulation. It was suggested9 that GABAergic inhibition is 
of energetic importance during activation. Using correlations, a linear 
relationship was found between GABA levels in the thalamus and S1BF 
while quadratic relationships were found between GABA and Glu in each 
structure (not shown) during the activation phase. Although these results will 
need to be confirmed, they already provide interesting insights for the 
interpretation of cortical activity and functional neuroimaging signals. 
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Figure1: The somatosensory barrel field cortex is in orange (S1BF) and the 
thalamic nuclei important in the whisker to barrel cortex are colored in green. 
The voxels of interest for further proton fMRS in the thalamus and S1BF are 
depicted on BOLD Tvalue maps overlaid on Gradient echo EPI images obtained 
during TGN stimulation. BOLD fMRI was conducted after fMRS. 

Figure2: Neurochemical profiles of S1BF (n=18) and Thalamus (n=7) 
during rest and TGN stimulation (32 minutes) assessed using LCModel. 

Figure3: GABA levels in the thalamus (n=6) were correlated to GABA levels in S1BF (n=6) at rest and during 
TGN stimulation. A strong correlation between GABA levels was found during the stimulation state (R2=0.80) 
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