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Dementia is the severe disease for which no effective treatment/drugs exists. Because both
dysfunction and overload of neural signal transmission cause impairments in neurons, drugs for
dementia are required to prevent neural cell death without disruption of normal neural signals. To
identify the candidates for neuro-protectors, we tried to develop methods to enhance neural energy
metabolism.

In this effort, Takemori (2014-2015) and Kawabata (2016) screened plant extracts/small
compounds and evaluated their potential of neuro-protection. Fuchino prepared the extract library
and performed structural analysis of candidates. Furue prepared human iPS cells and neurons
derived from these cells to predict efficacy of the candidates in human. Sasaki prepared in vivo
(mouse) models for neural toxicity, such as ischemic stresses. Tabata examined the candidates by
electrophysiological analysis.

In neuronal cells, ATP is predominantly produced in mitochondria, and pyruvate occurred in
glycolysis is the major source of TCA cycle for the ATP production in mitochondria. On the other hand,
pyruvate is excreted from cells after being converted to lactate. Therefore, compounds (plant extracts)
that inhibit the conversion from pyruvate to lactate may lead to upregulation of pyruvate supply to
mitochondria and support neural activities. Because the candidates for the neuro-protective
compounds could raise the ratio of pyruvate /lactate, we monitored the ratio in culture media. In
addition, we used astrocytes because they care neurons by association.

We first added plant extracts (>7000) and small compounds (>3000) into culture media of
mouse primary astrocytes and monitored the pyruvate/lactate ratio. Then, we monitored ATP
production in mouse primary neurons and evaluated neural survival (population with astrocytes) that
had been damaged by glutamate excitatory toxicity. Finally, we measured oxygen consumption rate
(mitochondrial activity) and identified loganic acid as a neuro-protector by upregulating neural
energy metabolism. Electrophysiological analysis suggested that loganic acid did not interrupt normal
neural transmission via NMDA-R in mouse primary neurons. This was also confirmed in human
neural cells differentiated from human iPS cells. In addition, loganic acid did not affect NMDA-R
functions in vivo, which was confirmed in the memantine-sensitive Grid2 mutant mice in which the
NMDA-R functions were impaired. Loganic acid inhibited lactate dehydrogenase (LDH) that converts
pyruvate to lactate, which leads to the enhanced production of ATP in mitochondria.

The efficacy of pyruvate-mediated neuro-protection was examined by the administration of
ethyl-pyruvate to model mice that were characterized by dementia as aging. Ethyl-pyruvate
suppressed memory impairments in more than half of the model mice when they memorized the
location of foods hid experimentally. In addition, we found D-Ser is helpful to monitor neurotoxicity
during ischemic stresses and are examining the involvement of this amino acid in the progression of
dementia. Furthermore, we identified N-[2-amino-5-(thiophen-2-yl)phenyl]-4-acetamidobenzamide

as a neuro-protector which may contribute to energy metabolism in neurons.
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