Differential effect of medetomidine on functional activation and connectivity: electrophysiology validation
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Introduction
Functional connectivity MRI has been used to study the intrinsic brain network [1]. However the underlying neural mechanism is still not clear [2].
Pharmacological manipulation could help to elucidate the neural receptor system related to this phenomenon. Previously, we showed that functional connectivity
in the primary somatosensory cortex (S1) can be suppressed by an a2-adrenergic receptor agonist, medetomidine, while the neural activation remained the same
[3]. Since a drug may change the hemodynamics and neurovascular coupling, knowledge of these aspects is of utmost importance in interpreting neuroimaging
findings. Here we conducted electrophysiological measurements of somatosensory evoked potential (SEP) and resting electroencephalography (EEG) to correlate
with the BOLD signal.
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followed by 20 sec stimulation. The average SEP over the 20 sec stimulation was
obtained. Integral of the negative wave (N1) magnitude was calculated. For
resting EEG, we compute the coherence between both sides of the S1 as well as
the power distribution in different frequency bands. activation at different dosages of medetomidine. (c) fMRI signal change
MRI measurements were performed using a Varian 9.4T scanner (Agilent, and SEP activities show similar correlation across dosages.
USA). BOLD fMRI were acquired using single-shot spin-echo EPI (TR 2 sec, TE 38 ms, 1 mm slice thickness, 64x64 matrix size, and FOV 2.56x2.56 cm®).
Stimulation was given by a block design with 60 sec resting and 20 sec stimulation alternately repeated three times and adding 60 sec of resting at the end. Cross-
correlation > 0.2 was used to detect the activation. Resting state functional connectivity was measured using the same sequence with TE increased to 45 ms and
305 scans were collected. The processing of the resting state data included slice timing correction, band-pass filter from 0.01Hz to 0.1 Hz, and spatial smoothing
with a FWHM of one pixel. The average signals from the ventricles were regressed out to reduce contributions from physiological noises. A 2x2 pixel ROI was
chosen as the reference point from the left SI forepaw region whose average time course was then correlated with every voxel time course in the brain. A
correlation coefficient higher than 0.25 was considered significant and clusters smaller than 4 pixels were rejected.
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Similar to fMRI, evoked potential didn’t change under different dosages of
medetomidine (Fig. la, b). A linear relationship is observed between fMRI signal
change and the integral of SEP N1 signal (Fig. 1c). The functional connectivity map
shows a loss in synchrony between the left and right S1 regions when medetomidine
dosage increases (Fig. 2a). The resting EEG shows similar signal under different
medetomidine dosages (Fig. 2b). The coherence in most bands didn’t change, except
the Gamma band (Fig. 2c¢). No significant change in the power distribution was
observed (Fig. 2d).
Discussion and conclusion
Neural activity is not suppressed by increased dose of medetomidine as evident in
SEP results. The linear relationship between the BOLD signal and SEP shows that
neurovascular coupling remains the same and indicates that the BOLD fMRI can
reflect neural activities in this study. We also found that the loss of synchrony in S1
region at higher medetomidine dosage may be related to change in coherence in the
Gamma band (30 to 49 Hz). However, no significant change is found in power
distribution in each band. The link between the neural synchrony and the correlated
fMRI fluctuation has yet to be determined.
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Fig. 1. (a) Activation maps and (b) SEPs at 3 mA stimulation show similar
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Fig 2. (a) Functional connectivity maps show a loss in connectivity
between left/right S1 regions but (b) resting EEG shows similar signal as
drug dosage increases. (c) Significant decreased coherence was found in
Gamma band (30 to 49Hz). (d) No significant changes in power
distribution with medetomidine dosages.
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