
Fig. 1. T2* (BOLD) activation map 
overlaid on the T2* map in one 
marmoset. S1/ S2 = Primary/ 
Secondary somatosensory area, 
D=Dorsal, R=Right 

 
Fig. 2. S0 (non-BOLD) activation 
map overlaid on the T2* map in 
one marmoset. 

Fig. 3. Averaged T2* time course 
of the middle layer of the S1 in 
one marmoset from one session. 
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Target Audience: 
Researchers in the field of neurophysiology and biophysics 
Purpose: 
Although BOLD fMRI has become a major tool to map neural activity and to characterize the hemodynamic response in the brain, the 
spatiotemporal characteristics of the BOLD response across cortical layers is still not well understood. Recently, a few reports have 
shown the possibility of mapping the laminar BOLD response and of differentiating laminar onset times in anesthetized rats (1)(4) and 
macaques (2), or in humans (3). However, these studies had a few limitations, in that human fMRI suffers from low spatiotemporal 
resolution, while the use of anesthesia in animal models introduces confounding factors to both neural and hemodynamic responses, 
which may alter the spatiotemporal properties of the laminar BOLD response. Furthermore, the in-flow contribution to the fMRI signal 
becomes non-negligible when the repetition time is shortened. To address these concerns, we implemented a dual echo gradient-
recalled echo planar imaging (EPI) sequence to separate the BOLD response from non-BOLD components, including the in-flow effect, 
and used it to map laminar BOLD responses with high spatiotemporal resolution in conscious, awake marmosets, a small New World 
non-human primate model of increasing value to neuroscience (5). 
Methods: 
Four adult male marmosets were acclimated to body and head restraint inside a horizontal 
7T/30cm MRI spectrometer (Bruker-Biospin Corp., Billerica, USA) equipped with a 15cm gradient 
coil (Resonance Research Inc., Billerica, USA). The animals were laid in the sphinx position in the 
cradle, and their heads were comfortably immobilized by custom-built helmets (5). Respiratory 
chest movement and behavior were constantly monitored by a polygraph recording system and 
MR-compatible camera. 4-element coil arrays (15.5 mm inner diameter per coil) tailored to 
individual helmets were used to receive the MR signal (6). BOLD functional images were obtained 
using a dual echo gradient-recalled EPI sequence from a single coronal slice (TE1st/ TE2nd/ TR= 
13.5/ 40.5/ 200ms; FOV/ thickness= 32×12/ 1mm; matrix= 128×48). A spatial saturation pulse was 
used to saturate spins ventral to the imaging plane. The median and ulnar nerves were 
noninvasively stimulated (pulse frequency= 50Hz, duration= 0.4ms, intensity= 1.5mA) by pairs of 
electrode pads placed across both wrists. The bilateral stimulus paradigm consisted of 8s off, 8s on 
and 8s off epochs. Motion correction and T2*/S0 maps were done in AFNI. S0 is the MR signal at 
TE=0. Definition of region of interests and paired t-test were done in Stimulate. 
Results: 
As shown in Fig. 1, robust BOLD responses were detected in primary (S1) and secondary 
somatosensory (S2) areas in both hemispheres. BOLD responses were well localized to the 
parenchyma and hotspots were aligned along penetrating veins, which manifested as streaks of 
low T2* value perpendicular to the cortical surface. On the other hand, in Fig. 2, non-BOLD 
responses were shown along the cortical surface, mostly in the pia matter outside the parenchyma. 
Non-BOLD responses were negatively correlated with the stimuli paradigm due to the saturation of 
arterial spins supplying from the Circle of Willis. Fig. 3 shows the averaged time course of the 
middle layer of the S1 in one marmoset from one session. The change T2* in the middle layer of S1 
was ~0.3 ms, which corresponds to 1.1% BOLD signal changes when TE= 27ms. 
Discussion and Conclusion: 
From our preliminary results, we have demonstrated the feasibility of quantitatively measuring the 
BOLD (T2*) changes every 200ms in cortical layers of awake marmosets. Comparing to the fMRI 
signal changes reported previously (7), the BOLD-only response in the current study is lower, 
implying significant non-BOLD contributions to the BOLD fMRI signal, especially along the cortical 
surface. Further analysis is in progress to estimate onset times of each cortical layer without 
contamination from in-flow effects and signal fluctuations other than changes in T2*. The merit of our setup in awake marmosets is the 
potential of bridging the gap between fMRI in anesthetized animal and human.  
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