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Introduction: After electrical stimulation of the infraorbital branch of the trigeminal nerve, Nielsen and Lauritzen (1) found a non-
linear relationship between cerebral blood flow (CBF) measured by laser Doppler flowmetry and the sum of local field potentials 
(LFPs). This result suggested a non-linear relationship between synaptic activity and CBF under specific experimental conditions. In 
the present work, the BOLD fMRI response to trigeminal nerve stimulation was investigated as a function of current intensity and 
stimulus frequency under α-chloralose anesthesia. The possibility of performing trigeminal nerve stimulation in rats opens the way to 
the investigation of new aspects of brain function such as the continuous variation of neuronal activity coupled with its vascular and 
metabolic changes. 
Materials and Methods: Male SD rats (n=13, 350g) were orally intubated and catheterized for α-chloralose (continuous intravenous 
infusion at 5mg/ml at a rate of 2ml/hour) and blood gas sampling every 30 minutes. The rat was positioned in a dedicated holder with 
head fixation and maintained under physiological conditions (pH ~7.4, pCO2~39-mmHg, MABP ~130mmHg, Temperature =37.5ºC 
± 0.5ºC).Trigeminal nerve stimulation: Stainless steel electrodes were inserted in the hiatus infraorbitalis (1) and in the neck 
muscles respectively. Electrical stimulation was performed using an external stimulator (WPI, UK). The paradigm used was 60s OFF 
and 30s ON repeated during 10 to 12 minutes. FMRI: All the experiments were performed on an actively shielded 9.4T/31cm bore 
magnet (Magnex, Varian) with 12cm gradients (400mT/m in 120µs). A quadrature Transmit/Receive 17mm surface coil was used. 
First and second order shims were adjusted using FASTMAP (water linewidth of 13-15Hz in a 216µl volume). A single shot gradient 
echo EPI sequence (TR/TE=2500-2000/25ms; FOV=22x22mm; matrix=64x64; slice thickness = 1mm; 5 slices, BW=357 KHz, 
300volumes) was used for image acquisition. Processing Data were processed using STIMULATE (2). Cross correlation maps were 
calculated as in (3).All the data are presented as means ± S.E.M. Statistics were performed using a one way ANOVA test. A pvalue  
>0.05 was considered significant. Increases in BOLD responses as a function of stimulus intensity were tested using sigmoïdal curve 
fitting (Boltzmann equation).  
Results and Discussion: Stereotactic coordinates from the rat brain atlas (4) were fitted to fMRI maps of the barrel cortex response to 
trigeminal nerve stimulation (fig1). It showed robust and localized activation of the primary somatosensory barrel cortex field (S1BF) 
but also of the secondary somatosensory cortex (S2) and the motor cortex (M1). Fig.2A shows the population mean BOLD percentage 
change as a function of current intensity up to 3mA. Above 3mA measurements were discontinued due to motion and pain effects. 
Below 0.75mA, no BOLD changes were detected. From 0.75mA to 1.5mA, the BOLD response increased significantly from 1% to 
3.55% (ANOVA, pvalue<0.001). From 1.5mA to 3mA, the mean BOLD amplitude plateaued at an average value of 3.52%±0.29%. In 
fig.2B, the mean BOLD changes shown in Fig.2A were plotted as a function of local field potentials from ref(1) and show non-
linearity of the BOLD signal change as a function of neuronal activity in the barrel cortex. A series of cross-correlation maps overlaid 
over single shot gradient-echo EPI images of the same slice for one rat are shown at the 5 stimulus frequencies investigated (Fig3a). 
The population mean BOLD response reached a maximum at 2Hz (5.12±0.5%, n=7) which was significantly higher than at 0.25Hz 
(ANOVA, pvalue<0.01) and at 3Hz (ANOVA, pvalue<0.04) (Fig.3b). In fig3b, the mean CBF changes against stimulus frequency 
obtained in (1) are also represented. 
 A robust and reproducible activation of the rat barrel cortex was obtained following trigeminal nerve stimulation. The maximum 
BOLD responses were obtained at stimulus frequencies of 1Hz and 2Hz and for current intensities between 1.5 and 3mA.  Coupling of 
the BOLD response and neuronal activity below 2Hz and uncoupling above this frequency can be deduced from the similarity of our 
results with those of Nielsen et al (1).   
Conclusion: In the barrel cortex, the BOLD response is a non-linear representation of field potential activity. 
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Figure3: Effect of stimulus 
frequency on the activation 
of the barrel cortex. a. 
Series of cross-correlation 
maps overlaid over single 
shot gradient-echo EPI 
images of the same slice in 
the same rat. b The BOLD 
change and CBF change as 
a function of stimulus 
frequency are plotted. 

Figure2: Coupling between field potentials and 
BOLD as a function of stimulus intensity A. Mean 
BOLD percentage change as a function of current 
intensity. B. Mean BOLD changes plotted against 
field potentials from ref.1 

 

Figure1: Cross-correlation map showing 
activation of the barrel cortex following 
trigeminal nerve stimulation and overlaid 
over a T2*-weighted single shot EPI 
image and the Paxinos and Watson atlas 
corresponding to the slice of interest. 

b 

Proc. Intl. Soc. Mag. Reson. Med. 17 (2009) 1603


