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Analysis of brain function based on the actions of food components
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™ Introduction

Zinc is essential for cell division and differentiation. Over 300
proteins require zinc for their functions in microorganisms,
plants and animals. The importance of zinc is true of the brain.
Approximately 80 % of the total brain zinc exists as zinc
metalloproteins. The rest mainly exists in the presynaptic
vesicles and is histochemically reactive as revealed by Timm' s
sulfide-silver staining method. Histochemically reactive
(chelatable) zinc is released along with neuronal activity and
serves as a signal factor in the form of Zn?*; there is a large
number of evidence on zincergic neurons that sequester zinc
in the presynaptic vesicles and release it in a calcium- and
impulse-dependent manner. In the present study, the function
of zincergic neurons was analyzed to understand the role of
zinc in brain function.

™ Results

Zinc deficiency caused abnormal glucocorticoid secretion and
increased depression-like behavior in young rats. Zinc
deficiency suppressed hippocampal neurogenesis in young
rats. Neuropsychological symptoms such as depressive
behavior were observed prior to the decrease in Zn?* signal
in the hippocampus under zinc deficiency. Zinc deficiency may
be a risk factor to suffer from depression. On the other hand,
Zn*" was released from zincergic neuron terminals in the
brain, immediately taken up into presynaptic and postsynaptic
neurons through calcium cannels such as calcium-permeable
AMPA/kainate receptors, and served as a signal factor in both
the intracellular (cytosol) and extracellular compartments (Fig.
I'and 2). Hippocampal Zn?* signaling multi-functionally
participated in synaptic plasticity such as long-term potentiaion
(LTP) in the hippocampus, which is believed to be the cellular
mechanism of memory. Furthermore, Zn?* signaling
participated in hippocampus-dependent memory and fear
memory associated with amygdala function. These results
indicate that Zn*" signaling is required for memory formation.

™ Perspectives

Humans and animals are constantly exposed to environmental
stress. Stressful life events are one of the causes of psychiatric
disorders and are associated with suicidal behavior. The
significance of Zn’* signaling in the brain is poorly understood
in comparison with Ca+ signaling. Zn** signaling is important
to maintain healthy brain and its importance is becoming
recognized. The responsiveness of the HPA system to zinc
deficiency as a stressor indicates the importance of zinc as a
nutrient and functional factor. Abnormal glucocorticoid
secretion might be induced by the lack of Zn?* signaling in
peripheral tissues, which is estimated to be responsive to zinc
deficiency. The spatiotemporal analysis on Zn?* signaling is
necessary for better understanding brain functions.
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[Figure 1]

Synaptic neurotransmission in the hippocampus

There are zincergic neuron terminals at three synapses in the hippocampus. Zn2+ is
taken up into presynaptic and postsynaptic neurons through calcium cannels such as
calcium-permeable AMPA/kainate receptors and serves as a signal factor in both the
intracellular (cytosol) and extracellular compartments.
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[Figure 2]

Proposed glucocorticoid-zincergic interactions in the hippocampus 24
Glucocorticoids increase presynaptic release probability of glutamate and zinc from [Zn ]i ’
zincergic neuron terminals and postsynaptic Zn2+ levels in the cytosolic

compartment, followed by the modulation of postsynaptic neuronal function. ‘b

Neuronal function
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