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The term "oxidative stress" can also be defined, however, as a situation 

in which there is excessive risk associated with oxygen metabolism. This 

excessive risk occurs whenever oxygen metabolism is insufficiently supported 

within the body. The lack of support can involve lack of enzymatic activity, 

lack of enzymatic cofactors, imbalanced production of free radicals, excessive 

presence of free iron, lack of "antioxidant" nutrients, etc. For the remainder of 

this chapter, we will adopt this second definition of oxidative stress, namely, 

excessive risk associated with unsupported oxygen metabolism. 

Air Pollution and Oxidative Stress 

Air pollution has long been associated with excessive presence of oxygen 

free radicals. In atmospheric chemistry, processes in which free radicals are 

formed through interaction of molecules with light are referred to as pri

mary photochemical reactions. In these reactions, a photon of light is 

absorbed by an airborne molecule, creating, photoelectrically, an unpaired 

electron state. Two key photochemical reactions include 1) the conversion 

of nitrogen dioxide into.nitric oxide (a nitrogen free radical), and 2) the 

multi-step conversion of ozone into hydroxyl radical (an oxygen free radi

cal) (Figure 5-8, on the following page.). Emission of agricultural and indus

trial pollutants into the atmosphere has repeatedly been show to induce 

primary photochemical reactions and to result in environmental problems 

like photochemical smog. As described above, these smogs depend heavily 

on excessive formation of free radicals. 

Common Air Pollutants 

Toxins contributing to these air pollution problems include aldehydes (e.g., 

formaldehyde) and ketones (e.g., acetone or methyl ethyl ketone) derived 

from solvents like benzene and toluene; by-products of fossil fuel combus

tion (e.g., sulfur and nitric oxides); and by-products of herbicide production 

(e.g., dioxin). All of these toxins have also been shown to exist in the U.S. 

food supply. The issue of photochemical smog and primary photochemical 

reactions has been thoroughly reviewed by Hippeli and Elstner.74 

Oxidative Stress in the Body 

Like excessive production of free radicals in the earth's ·atmosphere, exces

sive production of free radicals in the body has been shown to have a long 

list of unwanted consequences. Most of these consequences involve dam

age to tissue structure. In this section of the chapter, we review the kinds of 

structural damage that have been associated with overproduction of free 

radicals and oxidative stress. 
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Damage to Plasma Membranes 

Because of their high unsaturated fatty acid content, plasma membranes 

(the outermost membranes of cells that enclose all of their fluids and con

tents) are unusually susceptible to oxidative stress. Many researchers view 

oxidative damage to plasma membrane fats as a gateway event in the abil

ity of oxygen to further disrupt cellular function .75 Oxidative damage to 

lipids in the plasma membrane is often initiated by a hydroxyl free radical 

and its ability to convert a plasma lipid into a lipid carbon-centered radi

cal. (Molecular oxygen itself can react with membrane lipids to form lipid 

carbon-centered radicals, as well as perhydroxy radicals.) Hydroxyl radicals 

are able to accomplish this feat by removing a hydrogen atom from 

a methylene group in the lipid's hydrocarbon chain (Figure 5-9, on the 

following page). The presence of double bonds in unsaturated fatty acids 
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Because 90% of the body's oxygen is delivered to the mitochondria, 

these organelles continually face a heightened risk of oxidative stress. 

Approximately 4% of all oxygen in mitochondria has been estimated to 

undergo incomplete reduction and to routinely form oxygen radicals 

including superoxide radical (02-") and hydroxyl radical (OH").89 The con

stant formation of these oxygen radicals in close proximity to the unsatu

rated lipid-containing membranes of the mitochondria makes them 

uniquely susceptible to oxidative damage. 

Because oxidative damage to the mitochondrial membranes disrupts 

energy-driven processes throughout the body, structural damage to mito

chondrial membranes can also be regarded as disruption of the body's 

energetic processes. In keeping with this second way of classifying oxida

tive damage to mitochondrial membranes, we will review the conse

quences of these events beginning on page 230, under "Toxic Disruption of 

Mitochondrial Function" 

Other Types of Direct Damage Caused by Oxidative Stress 

Induction of Apoptosis. Although induction of apoptosis is reviewed 

earlier in this chapter, it is worth repeating the research conclusion that 

oxidative· stress is a major mechanism for inducing apoptosis. The close 

connection between unsupported oxygen metabolism and increased pro

gramming of cell death makes intuitive sense. Whole-body health would 

clearly be benefited by sensitivity to immanent danger on the part of every 

cell, and by cell responses that eliminated that danger, even if these 

responses brought cell death. The connection between oxidative stress and 

apoptosis also makes sense within the context of research. Previously-cited 

studies with chronic fatigue syndrome (CFS) patients, for example, have 

moved equally in two directions. In one direction has been the confirma

tion of apoptosis as a relevant consideration in understanding CFS. 

Compared to the number of cells undergoing mitosis or simply resting, 

cells undergoing apoptosis are unexpectedly common in CFS. In another 

direction, and equally compelling, has been confirmation of mitochondri

al disruption as a key component of CFS. A similar research overlap has 

occurred in the study of Parkinson's disease, where increased mitochondr

ial defects, particularly in Complex I of electron transport chain processing, 

have been observed alongside of observations involving increased apopto

sis among nerve cells. 

Adrenochrome Production. A final type of oxidative damage worthy of men

tion within this section is unwanted oxidation of catecholamine neurotrans

mitters in the nervous system. Neurotransmitters (NTs) are molecules used to 
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                                            (Chapter Five continues forward at this point.)
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