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ABSTRACT 
Normal metabolism produces free radical molecules. Oxidative stress is the imbalance between free radical 
production and the antioxidant cascade. This stress is associated with the pathogenesis of multiple disorders 
including cancer, stroke, coronary heart disease, cataracts, macular degeneration, depression and even the rate of 
aging. Nutrition includes the ingestion of physiologic doses of antioxidants from fruits, vegetables and grains. These 
phytochemicals in conjunction with endogenous antioxidants provide an interdependent network of buffers against 
free radical damage. Nutrition should not be confused with medication which is the ingestion of pharmacologic or 
unbalanced doses of components from herbal sources.
Free radical chemistry and molecular biology has given new insight into the pathogenesis of disease. Oxidative 
stress caused by free radical molecules results in damage to macromolecules that leads to disease and aging. 
Insight into this process will help physicians in their antioxidant nutritional advice to patients. This will provide the 
opportunity for prevention of disease and slow the rate of aging which will save billions of dollars and untold human 
misery. Many physicians do not recommend food supplements to patients or when they do it is often in the form of 
supplemental tablets of food extracts such as vitamin E, beta-carotene, folic acid, or ascorbic acid. These extracts 
are pharmacologic doses and by definition incomplete nutrition. The balance of nutrition that is needed can only be 
obtained from whole food. Normal metabolism produces large numbers of the free radicals (namely hydroxyl, 
hydrogen peroxide, and superoxide) that are the same as those produced by radiation. A typical rat cell produces 
twenty billion free radical molecules per day. The rat cell is metabolically seven times more active than a human 
cell but this still means humans generate one to three billion free radicals per day per cell. (1) Antioxidants 
neutralize free radicals and protect against such oxidative damage. Unless protected by antioxidants, 
macromolecules such as RNA, DNA, proteins, and lipids are damaged by these free radicals. The lipid damage 
occurs to circulating lipids, semipermeable membrane lipids and lipid components of suchessential molecules as 
axonal sheaths of the central nervous system. Antioxidants are a complicated and interdependent cascade.2 Some 
are endogenous which human tissue can make:
• Superoxide dismutase 
• Glutathione peroxidase 
• Glutathione S-transferases 
• Catalase 
• Proteases 
• Glycosylases 
• Ceruloplasmin 
• Tranferrin, ferritin 
• Peroxisomes 
Others are exogenous, we must eat them. These nutritional chemicals (phytochemicals) come from fruits, 
vegetables and grains. There are thousands of phytochemicals that are not designated as vitamins (since a 
deficiency disease hasn’t been identified for them) that have an important role in human nutrition. The universal 
recommendation for three to five servings of vegetables and two to four servings of fruits per day has been made 
for over one hundred years, yet only 9% of Americans eat five servings per day. As antioxidants, phytochemicals 
are destroyed and must be replenished or reconstituted continuously. That is, we must eat them ever day. 
AMERICAN NUTRITION
The magnitude of the problem is quite significant. Nutritional problems begin in childhood. 3,4 Over ninety percent of 
American adults don’t get five servings of fruits and vegetables per day. Foods that have been cooked, frozen, 
stored, micro-waved or irradiated may have had some damage to the phytochemical content. Radiation of foods 
results is inability to sprout (potatoes and onions) so it is clear that some changes in the food have occurred in 
addition to the killing of microorganisms. Cooking can destroy up to 98% of the free folic acid in foods.5
Ninety-nine percent of American children don’t get the USDA recommended number of servings of the 5 food 
groups per day. The proportion of youth ages 2-19 years meeting USDA recommendations for each food group:6 
        Food Group              Adherence
        Grain                        31.6
        Vegetable                36.4
        Fruit                          26.0
        Dairy                         33.2
        Meat                         28.0
        All groups                  1.0
        No group                   16.0
       
88% of Americans consume less than 400 mcg of folate per day.7 One third of the elderly have micronutrient 
deficiencies.8 “It would be prudent to opt for suitable micronutrient supplement in modest amounts for all elderly 
individuals to achieve maximum physiological health benefit with the least toxicity.”9 
AGING
Aging is inevitable however the rate of aging is nutrition and oxidative stress dependent.10 “Laboratory control of 
free radical metabolism can extend the maximum life span of multi-cellular species six-fold.” The same life 
extension by control of human free radical metabolism would allow a human to live seven hundred years.11 
Chromosomal DNA tips are called telomeres. They shorten with each cell division, and are gone after about fifty 
divisions.12 When the telomere is gone, the chromosome and hence the cell dies. This determines cell life, and 
ultimately, the organism’s longevity. Telomerase is a normal human reverse transcriptase that maintains telomere 
length in germ cells allowing an infinite number of cell divisions. A mutation to express telomerase allows malignant 
cells to survive by maintaining telomere length through innumerable cell divisions; witness the HeLa cell line that 
has been prospering for fifty-three years. In normal human cells telomere length determines quality and duration of 
life.13 Similarly, activating telomerase on normal human cells renders them immortal.14 Thus ends the debate that 
oxidative stress and telomere length determine the rate of aging.15 Progeria is a syndrome of congenitally short 
telomeres resulting in death from degenerative disease by puberty. Aids is associated with rapid loss of telomere 
length. The CD8 cell telomere of a patient with Aids is the equivalent length of 100 years.16 Excess free radicals or 
those separated from our antioxidant cascade produce oxidative stress. Oxidative stress causes peroxidation of 
lipids in the cytoplasmic semipermeable membrane. When damage rate exceeds repair rate, cell division is 
necessary to produce a new undamaged cell. With each cell division, shortening of the telomere occurs. Lipid 
peroxidation by increasing rates of cell turnover, increases telomere shortening resulting in aging, disease and 
death at a cellular and ultimately an organism level. “Clearly free radical damage underlies much of aging which 
ultimately determines our health and our maximum life span.” “Free radical damage increases with age and is less 
well contained and repaired by aged cells.”17

CANCER
Humans sustain ten thousand mitochondrial and nuclear DNA oxidative hits to every cell in the body every day, and 
the damage is cumulative. Mutation rates of lymphocytes from elderly humans is nine times greater than that of 
infants.1 DNA damage must be repaired offering the opportunity for mutation which is turn increases the risk of 
cancer. DNA monitoring for repair at the time of cell division is dependent upon adenine methylation of the original 
DNA template. Methyl groups are supplied by methionine and 5,10- methylene tetrahydrofolate. Hypo-methylation 
results in lack of identification of the original template and greater chance for error (mutation).18 Deficiencies of 
methionine or folate create substitution errors of uracil for thymidine in DNA strands.19,20,21,22 In addition to free 
radicals from normal aerobic metabolism, microflora of the bowel can generate hydroxyl free radicals (*OH) at a 
rate corresponding to that produced by 10,000 rads of gamma radiation per day.23 Gamma tocopherol is the 
principle anti-oxidant of colon contents. Therefore significant colon levels of gamma tocopherol are needed to 




