
Multiparametric MRI assessment of chronic social defeat-induced changes in mouse brain function, metabolism, and structure 
Joanes Grandjean1, Damiano Azzinnari2, Aline Seuwen1, Erich Seifritz2, Christopher Pryce2, and Markus Rudin3,4 

1Institute for Biomedical Engineering, ETH and University Zurich, Zurich, Switzerland, 2Psychiatric University Hospital Zurich, Zurich, Switzerland, 3Institute for 
Biomedical Engineering, ETH and University Zurich, Zurich, Select, Switzerland, 4Institute of Pharmacology and Toxicology, University Zurich, Zurich, Switzerland 

 
Depressive disorders represent a major life burden. While it has been demonstrated that depression is associated with altered brain function and 
structure, studying aetio-pathological mechanisms in humans remains difficult. This is partly due to limitations of clinical descriptive approach and 
heterogeneous symptom domains. A chronic social defeat (CSD) mouse model has demonstrated that chronic social stress induces depression-relevant 
behavior as well as changes related to the immune and dopamine systems1. Here we used MRI technologies in mice, similar to human research, to 
investigate changes affecting the brain following CSD, including analysis of resting state functional connectivity (FC) with fMRI, metabolite concentrations 
in amygdala with MRS, white matter structure changes with DTI, and local brain volume changes with VBM 

C57BL/6 male mice (n=15) were singly caged with dominant CD1 mice, and restricted to distal communication with a dividing wall for 15 consecutive 
days. The C57BL/6 mice were exposed directly to the CD1 mice daily for 60 seconds of cumulative physical attack episodes or a maximum of 10 
minutes1. Control animals (n=15) were caged in pairs and did not undergo the CSD procedure. MRI was acquired at baseline and after CSD paradigm. 
Mice were anesthetized using isoflurane 0.5% and medetomidine 0.1 mg/kg bolus 0.05 mg/kg/h i.v. infusion2. MRI was performed with a 9.4T scanner 
(Bruker BioSpec 94/30) equipped with a 2x2 phased-array cryogenic receiver coil. Resting-state fMRI was acquired with a gradient echo EPI sequence, 
TR/TE 1000ms/9.2ms, FOV 250 x 220 μm², 14 slices, slice thickness 0.5 mm. Single voxel MRS was performed in the right amygdala with STEAM, 
TR/TE 2500/2.84, 1.5 μl,1000 average. White matter was investigated using a DTI-EPI sequence, TR/TE 3000/25, 156x136 μm², 14 slices, b0-value 
1000s/mm² 36 water direction encoding. VBM data were acquired using a 3D RARE sequence, TR/TE 2500/11, 100μm³. FC was assessed using dual 
regression analysis (FMRIB, Oxford, England). Z-values for each individual scan were extracted from within the networks of interest to perform within 
network analysis. Time series from each network were used to compute between-network correlation maps. Metabolite concentrations were assessed 
using LCmodel, and normalized to creatine levels. Fractional anisotropy was computed in FSL and ROI analysis performed on selected fibers. VBM was 
performed using a software package provided by MICe (MICe, Toronto, Canada). Statistical analysis was performed in R (The R Foundation for 
Statistical Computing, Vienna, Austria) using a linear mixed model, with group effect, session effect and group x session interaction as fixed effects, and 
animal intercepts as random effects. The presence of a group x session interaction effect was further explored with post-hoc paired t-tests to confirm the 
occurrence of an effect in CSD mice specifically. P-values were corrected using false discovery rate. Results are represented as color-coded log10 p-
values for the group x session interaction effect in the mixed model analysis. 

 
FC analysis revealed several networks previously reported in mice2. Statistical 
analysis of the within-network results indicated significant increase in FC specifically in 
the CSD mice post-treatment compared to baseline in both cortical and sub-cortical 
networks, most robustly in the parietal cortices, prefrontal cortex and retrosplenial 
cortex (A, yellow-red colors). The cingulate cortex presented decreased within 
network FC compared to baseline in CSD mice (A, blue colors). Between-network 
comparisons indicated a decrease in CSD mice specifically in FC between cortical-
cortical, e.g. between the anterior and medial parietal cortex, and cortical-thalamic 
networks, e.g. between the motor cortex and the thalamus (B).  CSD mice also 
presented a notable increase in FC between the prefrontal cortex and the cingulate 
cortex (B). Spectroscopic analysis revealed an increase in inositol in the amygdala of 
CSD mice specifically (csdbaseline 0.93±0.9, csdpost-treatment 1.03±0.08, controlbaseline 
0.94±0.12, controlpost-treatment 0.94±0.08, p-value : 0.03). Fractional anisotropy revealed 
a significant increase in the left and right cingulum fibers of CSD mice specifically 
(csdbaseline 0.302±0.014, csdpost-treatment 0.319±0.013, controlbaseline 0.31±0.012, controlpost-

treatment 0.302±0.016, p-value: 0.00007). There was no evidence for CSD-specific 
volume change in any region. 

A number of consistent in vivo effects of the CSD manipulation on mouse brain were detected using MRI. CSD in mice induced functional alterations that 
primarily involved the sensory networks, the prefrontal cortex and the cingulate cortex. Results regarding alterations in FC were corroborated by changes 
in fractional anisotropy in the cingulum fibers. These observations correspond to several findings in depressive patients, for which the default mode 
network has been identified as a consistently affected functional network3. Further, increased inositol levels, a marker for inflammation and glial loss, in 
the amygdala of CSD mice specifically supports previous observations of an increased expression of immune-related genes and a decreased expression 
of oligodendrocyte-myelin genes in this region1. 
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