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Understanding the mechanisms of regulation of brain function by
fat-soluble nutrient factors and application of these mechanisms for
the improvement of brain function and treatment for brain diseases
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Understanding roles of nutrient factors in brain function and mechanisms of the regulation of
brain function by nutrient factors is important to develop the treatment for brain diseases. To
do this, we have investigated roles of fat soluble-nutrient factors (Vitamin A (Retinoic Acid)
and cannabinoids) in brain function.

Retinoic acid receptors (RARSs) ubiquitously and highly express in brain. Previous studies
have shown that RA-deficient mice and RARs knock out mice exhibit impairments of both
hippocampal LTP and spatial memory, suggesting an essential role of RARs in learning and
memory. To clarify the roles of RARs in learning and memory, we generated conditional
mutant mice that enable to regulate forebrain-specific overexpression of RAR-alpha or
dominant negative mutant (dn) of RAR-alpha using tetracycline system. We showed that
dnRAR mice display impairments of AMPA receptor-mediated excitatory postsynaptic potentials
and LTP in the hippocampus and hippocampus-dependent memory formation in a dnRAR
expression-dependent manner. These observations suggest that RARs play important roles in
hippocampus-dependent learning/memory and hippocampal LTP. Interestingly, we also found that
dnRAR mice display down-regulation of PSD-95 and AMPA receptor subunit GIuR1, but not
NMDA receptor subunit NR1, in the hippocampus in a dnRAR expression-dependent manner.
Therefore, we suggest that down-regulations of PSD-95 and GIuR1 lead to impairments of
hippocampus-dependent learning/memory and hippocampal LTP in dnRAR mice.

There is growing evidence that the reactivated long-term memory is de-stabilized and then
re-stabilized through a gene expression dependent reconsolidation process. However, little is
known about molecular mechanisms underlying destabilization of retrieved memory. Therefore,
we examined roles of cannabinoid receptor CB1 in the destabilization of reactivated spatial and fear
memory using Morris water maze and contextual fear conditioning tests. Infusion of an antagonist
of CBL1 receptor (SR141716A) together with anisomycin into hippocampus immediately after
memory retrieval prevented the disruption of reactivated memory by protein synthesis inhibition.
These results suggest that reactivated memory is destabilized through activation of hippocampal
CB1 receptor.

From these studies, we suggest that vitamin A and endogenous cannabinoid are important to
maintain and improve brain functions such as learning and memory. We are now examining
effects of these fat-soluble factors on brain diseases using mouse model of brain diseases such as
PTSD, memory deficits and anxiety.
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