Alterations of resting-state functional activity and connectivity in the rat brain induced by acute ketamine treatment —

Implications for Schizophrenia
Dany D'Souza', Andreas Bruns', Basil Kuennecke', Daniela Alberati', Edilio Borroni!, Markus von Kienlin', Annemie Van der Linden?, and Thomas Muegglcr1
'pRED, Pharma Research & Early Development, DTA Neuroscience, F. Hoffmann-La Roche AG, Basel, Switzerland, *Bio-Imaging Lab, University of Antwerp,
Antwerp, Belgium

Background: Translation of resting-state fMRI (rs-fMRI) applications to small animals has experienced growing interest and functional connectivity (FC)
networks are now increasingly being explored [1]. Rs-fMRI bears a great potential in pre-clinical imaging as it allows probing of FC in rodent models of various
disorders of the nervous system non-invasively, thus aiding in the development of new therapies. In schizophrenia, dysregulation of the glutamate neurotransmitter
system has been implicated in the pathophysiological mechanism underlying the disease [2]. NMDA receptor antagonists are widely used as pharmacological
models of schizophrenia due to their ability to induce positive and negative symptoms as well as cognitive impairments in healthy subjects and to exacerbate
symptoms in schizophrenic patients. In rodents an equivalent dose of ketamine induces abnormal behavior including deficits in gating of auditory evoked potentials
with concomitant increase in the power of spontaneously occurring gamma oscillations in the cortex, effects reminiscent of what is clinically observed during
psychosis [3]. However, less is known about the brain regions and circuitry involved in the neuropsychiatric effects of ketamine. In this study, we performed rs-
fMRI in rats subcutaneously (s.c.) injected with ketamine, and sought to unravel the large-scale FC circuitry potentially underlying behavioral abnormalities
observed in this model.

Methods: Seven Sprague-Dawley rats were subjected to two imaging sessions, one week apart, in a randomized cross-over design. Animals received an injection
(s.c.) of either ketamine (10mg/kg) or vehicle (NaCl) in each session, 45 minutes prior to rs-fMRI scans. Sedation protocol consisted of an induction by isoflurane
(2%, 8min.), whereas during the rs-fMRI experiments sedation was maintained using a continuous infusion of medetomidine (0.1 mg/kg/h, s.c.). Body temperature
was kept at 37.0+0.5 °C. Breathing-, heart-rate and blood oxygen saturation were monitored throughout the experiment. Acquisition was performed on a 9.4 T/20
cm BioSpec scanner (Bruker, Germany) using a quadrature transmit volume coil and a receive-only surface coil tailored for rat head. T,-weighted images were
acquired using a Turbo-RARE sequence (TR/TE=2500/33 ms; 256x256 matrix; 32x32 mm? FOV; 22 coronal slices; 1 mm thickness). Rs-fMRI data were
acquired using a T,*-weighted single shot gradient echo EPI sequence (TR/TE=2000/17.5 ms; 128x128 matrix; 32x32 mm? FOV; 20 coronal slices; | mm
thickness). Two scans of 165 EPI volumes were acquired per subject. EPI data were preprocessed in FSL v5.0 (steps: brain extraction, motion correction, high-pass
filter >0.007 Hz, regression of motion parameters), and normalized to an in-house rat brain MRI template prior to spatially smoothing (0.5x0.5 mm?). Rs-fMRI
time courses were extracted from 36 brain regions, and subjected to two types of analytical approaches. First, we quantitatively characterized the complexity of
resting-state signals from individual brain regions by measuring the Shannon entropy using the Matlab Wavelet Toolbox (‘wentropy.m’) [4]. Secondly, we
estimated FC by computing Pearson correlation coefficients of the rs-fMRI time courses, between all pairs of brain regions, resulting in a 36x36 covariance matrix,
which was subsequently Fisher z-transformed for normality. Using two-sample paired t-tests, we investigated if there were any differences of the entropy and FC
values between vehicle and ketamine treatments.
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