Supplementary material for “ In vivo neurometabolic profiling to characterise the effects of social isolation and ketamine-induced NMDA antagonism: a rodent study at 7.0 Tesla”

Materials and Methods
Animals

All experiments complied with Home Office regulations as detailed in the Animals (Scientific Procedures) Act 1986 and with approval from the University of Nottingham Ethical Review Committee. All efforts were made to minimize the number of animals used and any suffering. 

Social isolation 

Male Lister hooded rats were randomly divided into two experimental groups (n=8 each): On postnatal day 23-25, i.e. after weaning from their dam, litters were split and allocated to group-housing (four per cage) or isolation. All rats were housed in the same holding room (on a 12h light dark cycle at 21+2° C and humidity at 45-60%) with free access to food and water. This way, rats reared in isolation (‘isolates’) had auditory and visual contact but no physical interaction with littermates throughout the experiment. During the isolation period of 7 weeks isolates were weighed once per week when new bedding was provided but otherwise not handled. 

Behavioral tests

Prior to scanning all rats were assessed with a battery of behavioral tests, each of which has translational salience to core behavioral deficits seen in schizophrenic patients. These behavioral tests were reported elsewhere 
MR experiment

A 7 T animal scanner (Avance Biospec 70/30 USR, Bruker System) equipped with a receive-only head coil in combination with the 72 mm internal diameter volume coil for transmission was used. MR spectroscopic acquisition was performed in conjunction with morphometric MRI that was previously described
For the NMDA challenge, rats were subsequently injected with 25mg/kg ketamine and the same volume of saline by an indwelling i.p. cannula. In order to balance any potential bias related to the sequence of injection, a cross-over model was followed with each animal randomly assigned to one of two injection groups: ketamine first, or  saline first followed by saline or ketamine respectively (Figure 1 from Supplementary Material).  

After morphometric MRI, baseline 1H-MRS data were obtained from the anterior cingulate cortex/medial prefrontal cortex (ACC) measuring 3x2x2 mm3 (see figure 1A). The voxel of interest for ACC was chosen according to the Paxinos rat brain atlas In more detail, the quadrangular voxel was angled by 45 degree matching the anatomic alignment of ACC and reached from approximately 3.7 mm from bregma (first appearance of corpus callosum) to 1.6 mm from bregma (decussation of corpus callosum). For localization and acquisition a Point-Resolved Spin Echo Sequence (PRESS) was used (TR=5000 ms, TE=8 ms, number of points=2048, SW=4006 Hz). 2

.
All spectra were acquired with VAPOR water suppression.  The second order shimming for all spectra was manually refined to reach a linewidth ranging from 8.3 to 12.3 Hz for the mPFC.  Two sets of spectra were acquired: single baseline spectrum with 128 averages and a series of 24 spectra (32 averages each) before and after the ketamine and saline challenge. The dynamic 1H-MRS part consisted of 24 consecutive spectra with 32 averages each, 4 during baseline prior to any injection, 12 following ketamine and 8 following saline injection. The acquisition structure was conceived to allow adaptive temporal resolution of neurotransmitter fits during post-processing. In particular, the following short names will be used throughout the text to identify the time course points: BAS (-20 min -0), KET1 (0 - 10 min), KET2 (2.5 min – 12.5 min), KET3 (5 min – 15 min), KET4 (7.5 min – 17.5 min), KET5 (10 min – 20 min), KET6 (12.5 min – 22.5 min), KET7 (15 min – 25 min), KET8 (17.5 min – 27.5 min), KET2 (20 min – 30 min). The Saline time points will follow the same timing (SAL1, SAL2, SAL3, SAL4, SAL5).

Data processing

The small voxel and consequently high noise in the data precluded using the full temporal resolution of acquired data so that the spectra at different acquisition times were averaged to attain a reliable quantification for the set of metabolites of interest. In order to have a reliable estimation of concentrations, the optimal compromise between time resolution and Signal to noise ratio (SNR) was to average four sets of spectra equivalent to 128 averages. However, higher temporal resolution was achieved by using moving average method as used in previous MRS spectroscopy studies
 Data conversion and data preprocessing were performed in Matlab and jMRUI4

. In particular, (a) the data in Bruker format were first imported in Matlab  and then converted to text format for further manipulation; (b)  all spectra were manually phased in jMRUI; (c) In order to reduce spectrum linewidth, before the average an automatic frequency realignment was performed on all spectra using an in house Matlab script. (d) all spectra were averaged in Matlab via moving-average.

Metabolite quantification was performed using LCModel5

 software and expressed as ratio to total creatine (Cr+PCr).

Statistical analysis
All tests were performed in SPSS Statistics 17.0 software package. Variables were tested for normal distribution using the Shapiro-Wilk test. Independent T-test was used to test the difference in baseline between the two rearing conditions.  For each metabolite separately, a repeated measures ANOVA  was fitted with effects for time +terms including interaction between time, housing group (social isolates and group-housed) and saline-ketamine injection order group (first ketamine injection and first saline injection). P<0.05 was considered significant. The F statistics is reported with F(dft, dferr) and p value. Paired T-tests with Bonferroni correction to account for multiple comparisons were applied to investigate pairwise differences between  the two rearing conditions.  
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Figure 1: Experimental cross-over design of saline/ketamine injection. The experiment included a total number of 16  Male Lister hooded rats; 8 animals were dispatched in 2 cages of 4 and 8 animals were individually housed. The final number of animals undergoing the MRI part of the experiment was thirteen .
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