Oxidative stress
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Oxidative stress is caused by an imbalance between the production of reactive oxygen

species and a biological system's ability to readily detoxify the reactive intermediates or easily
repair the resulting damage. All forms of life maintain areducing environment within their cells.
This reducing environment is preserved by enzymes that maintain the reduced state through a
constant input of metabolic energy. Disturbances in this normal redox state can cause toxic effects
through the production of peroxides and free radicals that damage all components of the cell,
including proteins, lipids, and DNA.

In humans, oxidative stress is involved in many diseases, such as atherosclerosis, Parkinson's
disease, heart failure, myocardial infraction, Alzheimer's disease, fragile X syndrome and chronic
fatigue syndrome, but short-term oxidative stress may also be important in prevention of aging by
induction of a process named mitohormesis. Reactive oxygen species can be beneficial, as they are
used by the immune system as a way to attack and kill pathogens. Reactive oxygen species are also
used in cell signaling. This is dubbed redox signaling.

Chemical and biological effects

In chemical terms, oxidative stress is a large rise (becoming less negative) in the cellular reduction
potential, or a large decrease in the reducing capacity of the cellular redox couples, such as
glutathione. The effects of oxidative stress depend upon the size of these changes, with a cell being
able to overcome small perturbations and regain its original state. However, more severe oxidative
stress can cause cell death and even moderate oxidation can trigger apoptosis, while more intense
stresses may cause necrosis.

A particularly destructive aspect of oxidative stress is the production of reactive oxygen species,
which include free radicals and peroxides. Some of the less reactive of these species (such as
superoxide) can be converted by oxidoreduction reactions with transition metals or other redox
cycling compounds (including quinones) into more aggressive radical species that can cause
extensive cellular damage. The major portion of long term effects is inflicted by damage on DNA.
Most of these oxygen-derived species are produced at a low level by normal aerobic metabolism
and the damage they cause to cells is constantly repaired. However, under the severe levels of
oxidative stress that cause necrosis, the damage causes ATP depletion, preventing controlled
apoptotic death and causing the cell to simply fall apart.
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