Oxidative stress has been implicated in a wide variety of disease processes. Oxidative stress is now
recognized as accountable for redox regulation involving reactive oxygen species (ROS) and reactive
nitrogen species (RNS). Living organisms are unavoidably exposed to ROS in an aerobic environment. At
the cellular level, oxidant injury elicits a wide spectrum of responses ranging from proliferation to growth
arrest, to senescence, to cell death (apoptosis and necrosis). When present at high and/or sustained levels,
ROS can cause severe damage to DNA, protein, and lipid. A number of defense system have evolved to
combat the accumulation of ROS. These include various non-enzymatic molecules (e.g., glutathione,
vitamins A, C, and E) as well as enzymatic scavengers of ROS (e.g., superoxid dismutases (SOD),
catalase, and glutathione peroxide). Unfortunately, these defense mechanisms are not always adequate to
counteract the production of ROS, resulting in what is termed a state of oxidative stress.

We have revealed that cadmium (Cd) induces oxidative stress including nitric oxide (NO) in human
T-lymphoma Jurkat cells. Furthermore, we examined effect of Cd toxicity on neuronal differentiation of
P19 embryonal carcinoma cells. P19 cells were derived from a mouse embryo and have been used as a
model system for neuronal differentiation in vitro. When P19 cells were cultured in the presence of 10 p
M Cd for 6 hours and then in the serum-free medium for 2 days, the cells were induced to differentiate
into neurons. The differentiation of mammalian neurons during development is a highly complex process
involving regulation and coordination of signals at multiple steps. It is important to understand basic
mechanisms underlying this complex pathway.

Some plants can hyperaccumulate metal ions that are toxic to virtually all other organisms at low
dosages. Plants have evolved a suite of mechanisms that control and respond to the uptake and
accumulation of both essential and nonessential heavy metals. A plant specific detoxification mechanism
was introduced into mammalian cells and zebra fish to enhance their tolerance to the toxicity.
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