Investigation of normal brain aging in rodent experimental model by DTI, Volumetry and localized proton spectroscopy
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Target Audience: This work can be of relevance to scientists/neurologists with interest in brain aging both at the clinical and translational level.

Purpose: In the last decade many studies of human brain aging based on MRI advanced techniques have been published'?. Clinical studies are potentially affected
by several confounding factors, such as life-style (e.g. physical exercise, caloric intake, stress) or genetic variability. Experimental models of aging could be useful
in dissecting physiological from pathophysiological events as well as the impact of environmental or genetic factors. In addition they could represent a valuable
platform to study the effect of pharmacological and non-pharmacological “therapies” in delaying brain aging. Aim of present work was the investigation of brain
aging in a rodent experimental model by advanced MRI techniques and the assessment of its potential translational value.

Methods: Rats were provided by INRCA (Italian National Center on Aging), Ancona, Italy. MR data were acquired using a Bruker Biospec scanner operating at
4.7 T and a double coil configuration. A total of n=24 male SD rats divided in young (n=8, 3-4 months old), adult (n=8, 12 months old) and old (n=8, 26 months
old) were used for the DTI study. Images were acquired using a Spin-Echo EPI sequence with 30 non-collinear diffusion directions with b=1000 s/mm?, 5
additional images acquired with b=0 s/mm?>. A total of n=20 male SD rats divided young (n=6, 3-4 months old), adult (n=8, 12-13 months old) and old (n=6, 24-26
months old) were used for the localized spectroscopy study. T2w RARE images were acquired for voxel positioning. MRS was performed in three voxels placed
over hippocampus, parietal and prefrontal cortex and having sizes of 36.8 ul, 35 ul and 36 pl, respectively. Spectra with and without water suppression were
obtained by using a PRESS sequence. Water suppression was obtained by using the VAPOR pulses scheme. Unsuppressed water spectra were used as a reference
to normalize the metabolite signal. FA and ADC maps were calculated using ParaVision 5.0 and then co-registered to T2w-based rat brain template. Volumes of
GM, WM, and CSF were obtained by analyzing T2w images using the FSL software. Localized spectra were quantitatively analyzed using LCModel.

Results: Mean FA, calculated over the whole brain for the young, adult and old groups showed a decreasing trend which was paralleled by an increasing trend in
ADC (Fig. 1a, b). The observed trends reflected a generalized alteration encompassing the whole brain rather than alterations in specific regions (data not shown).
We also analyzed, from T2w RARE images, the volumes of Gray Matter (GM), White Matter (WM) and CSF, in order to assess whether the well-documented
cerebral atrophy found in elderly subjects is common to the experimental model. Data showed that white matter volume decreases in young compared to adult,
while CSF volume increases in adult or old versus young . No alteration was detected in the GM or in the total brain volume. Proton magnetic resonance spectra
were acquired in Hippocampus, Prefrontal and Parietal Cortex. In hippocampus (adult versus young) and in the prefrontal cortex (old vs adult), a statistically
significant increase in absolute concentrations of NAA (quantified with respect to the signal of water) was found.

Discussion: Normal brain aging has been studied by DTI, MRI volumetry and localized spectroscopy. Significant increase in ADC and decrease in FA was
observed as age increased, in agreement with what observed in human studies, reflecting degradation of neural connections. These findings reflect a generalized
brain alteration. Considering brain volumetry, the observed increase in the CSF volume (adult vs young and old vs adult) reflects the well documented shrinkage of
brain observed in humans with aging®. Localized spectroscopy data indicate a tendency of increasing NAA in hippocampus and prefrontal cortex with aging, that is
surprising since most of human data reported in the literature indicate the opposite trend. The possible role of a decrease of water content with aging on the
quantification of NAA signal may explain our finding. Other quantification methods are currently under investigation.

Conclusions: Quantitative data on DTI, volumetry and proton localized spectroscopy had been acquired in a rat experimental model of aging. DTI and volumetry
data well reproduce data reported in humans highlighting the potential role of rodent experimental models of aging in translational research. Localized
spectroscopy data deserve further analysis.
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