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Age-related changes in the metabolic profiles of rat hippocampus, medial
prefrontal cortex and striatum
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Background:

Brain aging is a progressive and complex multifactorial process manifested by physiological
and cognitive deterioration ultimately leading to death. It is a major risk factor for
neurodegenerative diseases. Age-related aberrations are highly confined to specific regions.
We have recently shown that age-dependent regional brain atrophy and lateral ventricle
expansion may be linked with impaired cognitive and locomotor functions. However,
metabolic profile transformation in different brain regions during aging is unknown. In order
to find out mechanisms underlying age-related cognitive impairments we, therefore, examined
regional metabolomic perturbations in the hippocampus, medial prefrontal cortex (mPFC),
and striatum of middle-aged (MA) and late-aged (LA) rats using ultrahigh-performance liquid
chromatography (UHPLC) coupled with high-resolution accurate mass (HRAM)-orbitrap
tandem mass spectrometry (MS/MS).

Purpose:
To examine regional metabolomic perturbations in the hippocampus, medial prefrontal cortex
(mPFC), and striatum of middle-aged (MA) and late-aged (LA) rats.

Method:

We studied the age-related changes in the metabolic profile on the specific brain region. The
rats were divided into four age groups: 14 (n=14), 18 (n=13), 23 (n=7), and 27 (n=10)
months. Behavioral evaluations and MRI measurements were performed as in our previous
study. As shown in the previous study, behavioral tests showed a big difference between|
middle-aged (14 and 18 months) and late-aged (23 and 27 months) rats. Therefore, they were
divided into two groups (middle- and late-aged) and metabolic changes in the hippocampus,

mPFC and striatum were analyzed in four brains in each group.
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Samples were extracted using the water-methanol-chloroform method. Methanol phase was

lyophilized and used for the current analysis. Chromatography was performed on an UltiMate
3000 Rapid Separation LC system coupled to a Thermo Scientific Q Exactive HF Orbitrap
mass spectrometry. Chromatographic separations were performed using a reversed-phase
column with positive and negative electrospray ionization modes. Data were subjected to
multivariate statistical analysis. Features were then identified by entering the mass-to-charge
ratio in the online databases and followed by pathway analysis.

Result and discussion:

Our results suggested that not all metabolites displayed significant changes consistently
throughout the brain regions. Metabolic alterations are related to brain functions in each
region. OPLS-DA score plots displayed a distinct separation between MA and LA groups,
indicating their different metabolic profiles. While S-plot can highlight the significant
changes. Pathway analysis revealed that improved GSH metabolism in the hippocampus of]
LA rats, suggesting a protective mechanism against oxidative stress. While mPFC was in the
oxidized state showed by the reduced GSH function. Altered taurine and hypotaurine
metabolism in the hippocampus likely contributes to the age-related cognitive dysfunction.
Sphingolipids metabolites were altered in the hippocampus and mPFC. These alterations
implied a defect in the sphingomyelin metabolism and cellular membrane function. Purine
metabolism deregulation occurred in the striatum which may reflect striatal neurons
dysfunction. The mPFC region dysregulation with dopamine reduction was observed. This
region receives dopaminergic inputs from the substantia nigra as a meso-cortical
dopaminergic pathway. The pathway is implicated in some emotional changes and cognitive
deficits.

Conclusion:

In conclusion, we indicate multiple metabolic pathways perturbed during aging. The
metabolic changes were different between brain regions. High impact-value pathways were
glutathione metabolism, taurine and hypotaurine metabolism, and sphingolipid metabolism in
the hippocampus; glutathione metabolism, tyrosine metabolism, and sphingolipid metabolism
in the mPFC; and purine metabolism in the striatum. The metabolic changes may reflect
functional changes, including cognitive impairments with aging.
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