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Under physiological conditions, cells are constantly exposed to a variety of circumstances
that effect their survival and death. Recent studies have shown that several {ypes of cell death
take place during the life of the organism. Programmed cell death (or apoptosis) is the most
well-known type of cell death, and it can be found in normal development, metamorphosis, tissue
turnover and tumor regression. In many cases, this type of cell death shows characteristic
features indicate that it is mediated by an intracellular active death program. That i, protein and
RNA synthesis inhibitors can block cell death, and the fragmentation of chromosomal DNA into
multimers of about 180 base pairs (called a “DNA ladder") are frequently observed.

Programmed cell death has long been recognized in the PNS and CNS. This phenomenon
takes place at specific stages during the development of embryonic neurons, e.g., the period
immediately after the arrival of axons in the postsynaptic target fields. Several types of
programmed cell death has been reported in the nervous system. In most cases, the survival of
neurons during the period of cell death is regulated by {wo important factors, the receipt of
target-derived trophic factors, and the receipt of afferent innervation. From these facts, it is
believed that programmed cell death plays an essential role in forming the neuronal architecture
of the developing nervous system.

Moreover, it is speculated that this death program in normal development may be expressed
at other times, such as in neurodegenerative disorders and aging. However, although many efforts
have been made to understand the mechanisms of programmed neuronal death not only in vive
but also in vitro, the cellular and molecular mechanisms of neuronal degeneration that occur
normally, as well as under a variety of experimental conditions, are not well-known. Furthermore,
most of our knowledge concerning the mechanisms of programmed cell death comes from work
in the PNS, and it is not certain whether the same principles apply in the CNS. Although
programmed cell death has been observed in many CNS structures, very litile is known about the
mechanisms underlying the process, We now report that the neurcnal death induced by oxygen
toxicity is mediated by an active death program in cultured rat hippocampal neurons. These
results suggest that the oxygen molecule, which is one of the best energy sources utilized by CNS
neurons, can mediate apoptosis and will expand the potential for investigating its mechanisms in
CNS neurons.

When embryonic rat hippocampal neurons were culfured in a 50% oxygen atmosphere,
neurons gradually died after 20 hr in culture. This death pattern was found to be mediaied by an
intracellular active death program, so called apoptosis, as follows: 1) Cycloheximide and ac-
tinomyecin-D, protein and RNA synthesis inhibitors, respectively, prevented cell death, indicating
that cell death required new protein biosynthesis. 2} DNA fragmentation (called a “DNA ladder”),
a specific biochemical marker of apoptosis, was detected during the course of cell death. 3)
Depolarization with high K™ medium (26~50 mM) prevented cell death. This effect was sup-
pressed by some dihydropyridine derivatives, L-type Ca channel blockers, such as nifedipine and
nicardipine. These results indicate that increased levels of oxygen activate an apoptotic mecha-
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nism in the cultured hippocampal neurons, and suggest that neuronal activity may protect the

neurens from oxygen-induced apopiosis.
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