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Introduction:  Growing evidence suggests that maternal infection and stress affect the developing foetal brain and future mental health 
trajectories. One critical mechanism in the priming of brain development may be the transition of pro-inflammatory cytokines, particularly 
interleukin-1 beta (IL-1B), across the foetal-placental barrier1, 2. Other factors, such as stress, are known to trigger or synergistically aggravate 
existing inflammatory processes, thus exacerbating potential adverse effects on brain development3. The purpose of this study was to 
investigate the effects of maternal inflammation and stress on offspring neurodevelopmental trajectories and mental health in later life. We 
used in vivo T2-relaxometry to provide a quantitative measure of brain tissue changes4, 5 in an animal model of maternal stress and pro-
inflammatory processes induced by IL-1B treatment. 
Methods: Animals and Experimental Design: Eighteen Long-Evans male rats were divided into three groups; naïve Control (n =6), Stress 
only (n=6), and IL-1B and Stress combined (IL-1B+S; n=6). Pregnant rat mothers were stressed on gestational day (G)12-G18 and were 
injected daily with 5mg/kg i.p. of IL-1beta (IL-1B+S) or saline (Stress only) from G17 until delivery. Control mothers were administered a 
saline injection from G17 to delivery. At the age of postnatal day 30 (P30), P45, P60 and P90, the offspring were imaged using a 4.7 T 
Oxford magnet (Oxford, UK). At P90, offspring were sacrificed and the brains were extracted for histological confirmation. All procedures 
were performed in accordance with the guidelines of the Canadian Council on Animal Care and approved by the University of Lethbridge 
Animal Welfare Committee. MR Imaging: The imaging protocol consisted of: a) Localizer images (SE-TR/TE 700/16 ms, 0.2x0.2x1.5 mm3) 
and b) T2 measurements (TE/ TR 22, 26, 35, 60, 90/3000 ms, 0.23x0.23x2 mm3) and c) T2-weighted images (TE/TR 22/3000ms, 0.23x0.23x2 
mm3). T2 values were extracted from regions of interest (ROI’s) 
corresponding to the motor cortex (MC; Figure 1A) from the fitted maps 
with Image J (NIH, USA) and were calculated to obtain T2 values using 
software written in our lab in IDL (ITT, USA). All images were co-
registered. Mean Gray Value: Quantitative cytoarchitectonic analyses in 
cresyl violet-stained sections corresponding to an ROI measuring 0.64 
mm2 on slides from 1 mm to 0.20 mm relative to bregma (MC; Figure 1A) 
were performed with Image J.  
Results: T2-Relaxometry: There was a significant difference between T2 
values in the Stress and IL-1B+S-treated groups compared to controls in 
the ROI corresponding to the MC (Figure 1B). The T2 values were 
significantly larger in the IL-1B+S than in animals treated with stress 
alone at P45 and was significantly larger than control animals at P45 and 
P60. T2 values were significantly increased (P < 0.05) in the stress group 
at P30, P45 and P60 with the largest effect at P30. At P90, the effect of IL-1B+S was related to major changes in tissue density as measured 
by cresyl violet histology.  Mean Gray Value: The density of tissue in the ROI drawn on the coronal sections corresponding to layers I-III of 
the MC was significantly lower in the Il-1B+stress group (0.36 ± 0.006; p < 0.01) compared to the control group (0.41 ± 0.005). 
Accompanying impairments in neuronal development were confirmed by longitudinal behavioural assessment in the offspring. 
Discussion: Prenatal inflammation induced by maternal IL-1B treatment and stress caused the most significant impairments as measured by a 
reduced tissue density at 45 days of age with lasting impairments into adulthood. The effect of the stress group was largest at P30 but 
diminished with age. Furthermore, the present findings demonstrate synergistic effects of stress with pro-inflammatory processes 
exacerbating abnormal brain development and behavioural impairments. The MRI findings, confirmed by histology, indicate that exposure to 
IL-1B and stress during gestation cause an increase in neuronal density in cortical layers I-III. This could reflect disturbed neuronal pruning 
during brain development, which represents a prominent neuropathological finding in human neurodevelopmental disorders3. The present 
findings provide T2-relaxometry as a valid method for determining the effects of inflammation and stress during pregnancy on the developing 
brain with implications for the developmental origins of mental illness.  
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Figure 1.  A)  Left: 8-bit cresyl stained slice and corresponding 
ROI used to measure MGV. Right: T2-weighted image and 
corresponding ROI used to measure T2-value. B)  T2 values for each 
treatment group at 30, 45, 60 and 90 days old. Values represent 
mean ±SEM. 
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