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Free Radicals: Longevity's Most Formidable Foe:

Dr. Harmon's Free Radical Theory has emerged as the best understood and most widely accepted explanation of the aging process. Having stood the test of time and countless research validations, it has become not just a damage theory but the damage theory. (You'll recall from chapter 1 that according to damage theories, cumulative cellular damage determines a person's age of death.) In fact, among doctors specializing in anti-aging medicine, Free Radical Theory has transcended mere theory status and is considered a biological fact of life.

Just what are these free radicals, anyway? Understanding where they come from, and why and how they do so much damage, requires a brief lesson in biochemistry.

Molecules are made up of atoms glued together by chemical bonds. Each bond consists of a pair of electrons. When a bond is broken, what's left are two molecular fragments, each of which contains one of the now unpaired electrons. These molecular fragments are highly charged and highly unstable, because they contain only one electron rather than two. These highly charged, highly unstable, highly reactive particles are what we know as free radicals.

Unfortunately for us humans, the biochemical saga of free radicals doesn't end there. Remember, each free radical contains one unpaired electron. And unpaired electrons, like unpaired humans, hate to be alone. They want a partner, and they're not above breaking up another bond to get what they want. Scientists call this process oxidation, and free radicals are masters at it. They're not particularly discriminating about where they get their new partners, either. They'll oxidize just about anything that gets in their way -- punching holes in cell membranes, destroying key enzymes, and fracturing DNA.

What's more, free radicals are remarkably prolific. One free radical, unchecked, can cause new ones to form. These free radicals, in turn, give rise to many more. How does this happen?

Because it has so much energy, a free radical zips about until it bangs into a nearby molecule with a stable bond. The collision splits the stable molecule, releasing one of its two electrons. The free radical nabs the electron as a partner for its own unpaired electron, and the two form a stable bond. All this happens, quite literally, within nanoseconds.

The good news is that the free radical has stabilized itself. The bad news is that in doing so, it may have caused the formation of two more free radicals by breaking a stable bond, leaving the two atoms of the formerly stable molecule to share one unpaired electron. So begins a chain reaction that produces thousands of molecular fragments with unpaired electrons. And every one of these fragments is careening about, looking to swipe an electron from an unsuspecting stable molecule.

To get a clearer understanding of how free radicals multiply, imagine a football stadium filled to the brim with mousetraps, each mousetrap loaded with a Ping-Pong ball. If you drop one Ping-Pong ball into the stadium, it springs one mousetrap, causing it to fling its ball into the air. Then you have two loose Ping-Pong balls, which spring two more mousetraps. Within a matter of seconds, all of the mousetraps are sprung, and all of the balls are loose.

Now if all those mousetraps were stable molecules, and all those Ping-Pong balls were free radicals, you would have just witnessed a free radical free-for-all.

Cellular Sabotage

In their reckless quest for electrons, free radicals do a lot of structural damage to healthy cells. Injured cells can't function properly and may even die.

Most vulnerable to free radical attack is the cell membrane, which surrounds each cell and guards its jellylike interior. The cell membrane is a sophisticated, highly selective barrier whose all-important job is to guard access to the cell. It decides what gets in, what stays in, and what is expelled (forcibly, if need be). If cells were nightclubs, then cell membranes would be bouncers.

Inside each cell are many subcellular structures called organelles. Each organelle is wrapped in its own protective outer membrane and performs a highly specialized function. Mitochondria, for example, transform oxygen and food into energy, which the cell uses to carry out its tasks. Lysosomes scarf up and digest cellular garbage, which is then either recycled or jettisoned. The cell's nucleus is also an organelle. It houses DNA, the cell's genetic blueprint.

When a cell membrane or an organelle membrane is damaged by free radicals, it loses its protective properties. This puts the health of the entire cell at risk.

The cell membrane is a pushover for free radical attack because it is composed primarily of easily oxidized fatty acids. Like tiny but powerful bullets, highly charged free radical particles rip into the cell membrane, literally puncturing holes in it. A damaged cell membrane loses its selectivity. When this happens, transportation of nutrients, oxygen, and water into the cell and removal of waste products from the cell become compromised.

In much the same way, free radical damage to an organelle's membrane sabotages the organelle's function. When mitochondria are injured, for instance, these submicroscopic power plants can't produce the energy necessary to drive the cell's machinery. If damage to the mitochondrial membrane is extensive, the cell dies.

Free radicals can even bang their way through the protective membrane surrounding the nucleus, gaining access to the DNA molecules housed inside. If free radicals happen to break the DNA molecules in order to snatch electrons, the cell dies, or loses its ability to replicate, or replicates abnormally -- a process known as mutation. Mutation can give rise to the collections of abnormal cells that we know as cancer.

But cancer isn't the only health problem for which free radicals are responsible. Cumulative free radical damage contributes to all sorts of organ- and tissue-specific diseases, including allergies, Alzheimer's disease, arthritis, atherosclerosis (hardening and clogging of the arteries), cancer, cataracts, infections, macular degeneration, multiple sclerosis, and Parkinson's disease. In fact, researchers now agree that most common ailments, including virtually all chronic degenerative diseases, are either caused directly by or are closely associated with free radical damage.

Immune Cells: Dedicated Defenders

Of all the cells in your body, immune cells are the most likely victims of free radical attack. Ironically, they put themselves at risk just by carrying out their assigned task.

Immune cells scavenge free radicals. If injured, immune cells are less able to do their job. In the short run, their impairment usually doesn't produce symptoms. Over time, persistent fatigue, recurrent infections, and allergies may be among the first signs of immune erosion.

If free radicals continue their attack on immune cells, and if the cells never get a chance to heal, the accumulated damage weakens the immune system even more. Eventually, this opens a potential Pandora's box of disorders caused by altered immune function. Free radical damage to an immune cell's protective outer membrane or DNA can be especially ominous.

Once damaged, an immune cell loses its ability to differentiate between good guys and bad guys. One of two scenarios, neither good, then unfolds. In the first, immune cells mistake friends for foes and begin attacking healthy tissues. This is known as an autoimmune disease, examples of which include lupus, multiple sclerosis, and rheumatoid arthritis. In the second scenario, immune cells mistake foes for friends. For example, they may fail to recognize cancer cells and, rather than annihilating them, ignore them and allow them to multiply.

The Link to Aging

Prolonged exposure to free radicals actually fast-forwards the aging process. One of the clearest manifestations of cumulative free radical damage is a phenomenon known as cross-linking.

Cross-linking affects protein, enzyme, DNA, and RNA molecules. A bit like handcuffing, it hampers the ability of its molecular hostages to perform their assigned tasks. In this way, cross-linking works to the detriment of the entire organism -- especially if that organism happens to be your body. Because of cross-linking, the elastic, flexible tissue of youth gives way to the wrinkled skin, stiff joints, and hardened arteries of old age.

What's more, cross-linking worsens with age, as the cellular wear and tear of several decades accumulates and the body becomes less adept at scavenging free radicals. The result is the general, body-wide impairment of function that's synonymous with degenerative disease and aging.

In skin cells, the cross-linking of molecules causes the wrinkles characteristic of aging. In arterial cells, cross-linking reduces flexibility, which in turn raises blood pressure and puts extra strain on the heart as it pumps harder to maintain a continuous flow of blood. In the brain, cross-linking impedes message transmission between nerve cells -- not good if you prefer crisp thinking and a rapid flow of ideas. Thought processes slow down, and memory and concentration problems are more likely.

For all of cross-linking's dirty work, its effects on DNA molecules may be most problematic. When these molecules are damaged, they compromise the cell's ability to correctly interpret its DNA-encoded genetic blueprint. This results in impaired DNA replication and protein assembly. The entire process of Renewal depends on cells being able to replicate themselves exactly. This is why the failure to protect a cell's genetic coding has particularly profound consequences.

Oxidative stress:

Oxidative stress is a result of a disturbed "normal" balance between pro- and antioxidants. Antioxidant vitamins and a number of enzymes and non-enzymic substances are integrated in the antioxidant system of the organism, which maintains the pro/antioxidative equilibrium ("antioxidative homeostasis") to protect against oxidative stress.

Meet the Free Radical Formers

Since free radical damage fosters disease and shortens life, it stands to reason that we need to know not only where these rogues come from but also how to avoid them -- or at least limit our exposure.

Unfortunately, free radicals are everywhere. They're in the foods we eat, the water we drink, the air we breathe. Even our bodies produce free radicals.

Our bodies are equipped to rein in and dispose of free radicals. The problem is that we usually have more of these troublemakers floating around than our bodies can manage. And that's when we run into problems.

Any combination of factors that produces excessive free radicals (or suboptimal scavenging) can ultimately cause mass destruction throughout the human body. This destruction has been linked to the development of disease and the acceleration of aging.

True, some sources of free radicals we can't control. But many we can. Here's a rundown of the primary offenders.

The three anti-oxidant systems are as follows: 

· Primary antioxidants work by preventing the formation of new free radical species. These include superoxide dismutase (SOD), glutathione peroxidase (GPx) and metal-binding proteins (e.g. ferritin or ceruloplasmin). 
· Secondary antioxidants trap radicals thereby preventing chain reactions. Examples include Vitamin E, vitamin C, beta-carotene, uric acid, bilirubin, and albumin. 
· Tertiary antioxidants repair biomolecules damaged by free radicals. These include DNA repair enzymes
The Most Surprising Source

As you read this sentence, your body is generating humongous quantities of free radicals. And believe it or not, it's quite normal.

You see, these free radicals are a kind of cellular "exhaust" -- a by-product of metabolism. They're produced as cells use oxygen to convert food into energy. The only way to avoid these free radicals would be to stop burning oxygen. But then your metabolism would shut down, too.

Because these free radicals are really your body's own doing, your body expects them and is designed to deal with them. It has highly efficient ways of grabbing and neutralizing these renegade particles before they can do harm. So your cells just keep on making them.

The Usual Suspects

The free radicals that occur naturally within your body should be no cause for concern. It's the excess free radicals, the ones that your body is not prepared to handle, that cause life-shortening damage. This extra load results from two key factors: an overabundance of toxins and a shortage of antioxidants (more on these later).

A complete list of all the external sources of free radicals would likely run on for pages. So here are a few of the more pernicious offenders.

The standard American diet. The standard American diet is a free radical fiasco just waiting to happen. It's liberally laced with high-fat, processed, preserved, pesticide-laden, chemically treated foods. It's chock-full of known free radical formers such as meat, butter, margarine, sugar, white flour, and alcohol. It emphasizes frying, browning, and other cooking methods that exponentially drive up the free radical count. Most significant of all, it's dangerously deficient in antioxidant-rich, free radicalfighting fruits and vegetables.

A high-fat diet. Consuming more than 10 percent of your calories from fat dramatically increases your body's free radical load. The reason: When bombarded by free radicals, fat molecules split apart easily. The weak bonds that hold together polyunsaturated fat molecules are especially sensitive to and readily broken by heat, light, or oxygen. The more fat you ingest, the more free radicals your body generates. This is why heart disease and cancer, two conditions associated with cumulative free radical damage, are most common in people who consume high-fat diets.

Trans-fats. Also known as funny-fats or ugly fats (because of what they do to the body), trans-fats are seething cauldrons of free radical activity. They're created by cooking at high heat and by hydrogenation (the process used to harden liquid vegetable oils). Most people get their trans-fats from the margarine they spread on their morning toast, the shortening in most baked goods, and the hydrogenated oil in processed and convenience foods (such as crackers, chips, and nuts). The average American ingests 100 pounds of trans-fats annually, a tremendous free radical load.

Chemicals. Some of the nastiest and most pervasive free radicals come from the vast and expanding array of toxic chemicals being released into the environment. Chlorination of water supplies spawns often dangerous levels of chloroform and trihalomethanes, both powerful free radical formers. The air is also saturated with free radical formers: oxides of sulfur and nitrogen, ozone (which is beneficial to humans only if it stays in the upper atmosphere), chlorine, aromatic hydrocarbons (such as benzene and toluene), formaldehyde, carbon monoxide, lead, asbestos, and tobacco smoke. The combustion of tobacco alone creates thousands of different free radicalgenerating chemicals. Even if you don't smoke, you may have a hard time escaping from secondhand smoke.

Pesticides. Pesticides are notorious free radical formers. They're also very soluble in fat. This means they're found in much larger quantities in foods of animal origin, which are naturally high in fat, than in foods of plant origin. Why? Well, an animal eats pesticide-sprayed feed every day over the course of its lifetime. The pesticide residues become concentrated in the animal's fatty tissues, the result of a vain attempt by the animal's body to remove the toxic substances. Then when you eat food from that animal -- be it steak, chicken, milk, cheese, or butter -- your body likewise tries to rid itself of the toxins by storing them in fatty tissues. Hidden away, the pesticide molecules eventually initiate free radical chain reactions. This phenomenon helps explain the epidemic of heart disease and cancer among meat-eaters.

Radiation. Ionizing radiation -- including medical and dental x-rays, radon gas, and ultraviolet radiation from the sun -- fractures stable molecules. In doing so, it creates free radicals. Cells are extremely sensitive to radiation, with the cell membranes and the chromosomes in the nuclei at highest risk for damage. And radiation doesn't have to be strong to do harm: Exposure so weak that it destroys only one molecule in 100 million can nevertheless trigger free radical chain reactions capable of killing an entire cell. And if radiation scores a direct hit on a cell's nucleus, the cell's DNA -- the blueprint for cell replication -- becomes damaged.

Sources of Free Radicals

Avoiding free radical formers may seem like an easy enough task. But the reality is, they're just about everywhere. The following list provides a mere sampling of substances and other factors that can cause a free radical overload. How many of these do you encounter every day?

General Factors

· Aging 

· Metabolism 

· Stress 

Dietary Factors

· Additives 

· Alcohol 

· Coffee 

· Foods of animal origin 

· Foods that have been barbecued, broiled, fried, grilled, or otherwise cooked at high temperatures 

· Foods that have been browned or burned 

· Herbicides 

· Hydrogenated vegetable oils 

· Pesticides 

· Sugar 

Chemical Factors

· Air pollutants such as asbestos, benzene, carbon monoxide, chlorine, formaldehyde, ozone, tobacco smoke, and toluene 

· Chemical solvents such as cleaning products, glue, paints, and paint thinners 

· Over-the-counter and prescribed medications 

· Perfumes 

· Pesticides 

· Water pollutants such as chloroform and other trihalomethanes caused by chlorination 

Radiation

· Cosmic radiation 

· Electromagnetic fields 

· Medical and dental x-rays 

· Radon gas 

The Story of Joe Six-Pack

Right about now, you might be thinking that the only way to avoid free radical exposure is to swear off eating, drinking, and even breathing for the rest of your life. Needless to say, the rest of your life would play out mighty quickly. There's no need to do anything so drastic. Remember, your goal is to keep a lid on free radical overload.

To help you put this in perspective, allow me to share the story of Joe Six-Pack. Joe is a fairly typical American guy. On one particular Saturday morning, Joe wakes up a bit hungover as a result of getting a little too happy at happy hour the evening before. He drinks a glass or two of chlorinated tap water to rehydrate himself, then follows with a cup of coffee (cream and sugar added). His breakfast consists of fried eggs and toast with margarine.

After grabbing a quick shower and splashing on a palm-full of his favorite aftershave (containing alcohol, perfume, and other chemicals), Joe climbs in his car and heads for the beach. It's such a spectacular day that he rolls down all the windows and takes deep breaths of "fresh" air -- which has already been contaminated with hefty doses of pollutants. At the beach, Joe buys a bag of chips and a cola at the snack bar, then chats with his buddies (both smokers) before falling asleep in the sun for a couple of hours.

Joe has already set himself up for free radical overload, and it isn't even lunch yet. If Joe maintains this lifestyle, he's headed for serious trouble. By age 60, Joe -- a fairly typical American guy -- will suffer a fairly typical massive coronary and undergo fairly typical coronary bypass surgery.

Antioxidants: Our Number One Ally

Joe can change many of his free radicalforming ways. And the sooner he does it, the better off he'll be. Because while he can't eradicate every last one of the free radicals in his body, he should make every effort to stay several steps ahead of them for as long as he can. This is the secret of longevity.

Lucky for Joe, he has a powerful weapon in the war on free radicals. Matching these molecular miscreants blow for blow are the body's built-in free radical defense systems. Without these systems, humans would be toast -- our lives measured in minutes rather than decades.

The body relies on two particular defense systems to neutralize free radicals: the antioxidant nutrient system and the antioxidant enzyme system. The nutrients can be used as is, straight from the foods and supplements we consume. The enzymes must be synthesized, or manufactured by the body.

What makes the antioxidants so effective against free radicals is their willingness to give up their own electrons for the cause. The free radicals greedily accept the antioxidants' offer, like kids drooling over a piece of candy. Of course, once a free radical finds a partner for its unpaired electron, it immediately loses free radical status. It behaves itself and stays out of trouble from then on. And the best part is, the antioxidants are able to donate their electrons without generating free radicals themselves.

As evidence of the crucial role that antioxidants play in fending off free radicals and prolonging life, consider the findings of one of the earliest experiments conducted by Dr. Harmon. In this experiment, one group of rats ate standard rat chow, while another group ate rat chow fortified with antioxidants. The rats in the latter group lived 40 percent longer than the rats in the former. In human terms, this translates to about 40 extra years of life. As Dr. Harmon theorized, and as subsequent research has proven, the antioxidants protected the rats from free radical damage, thus extending their life spans.

But just as an abundance of antioxidants can add years to your life, a shortfall can take years away. Free radicals go unscavaged, continuing to roam your system and damage healthy cells. This is why it's so important to eat plenty of antioxidant-rich foods and take appropriate antioxidant supplements. The more antioxidants you have floating around your bloodstream and protecting your cells, the longer you can expect your life span to be.

Laying the Foundation for Renewal

The optimum longevity-promoting lifestyle, then, has two key components: First, it maximizes antioxidant intake from foods and supplements; and second, it minimizes factors that promote the formation of free radicals. We'll cover both of these components in more detail in later chapters. For now, here are the basics.

· Choose organic, pesticide-free, additive-free foods. 

· Drink only purified water. 

· Avoid exposure to volatile chemicals, including perfume, hair spray, glue, paint, gasoline, solvents, and smoke. 

· Limit exposure to air pollution: Keep your windows closed when driving in heavy traffic, and stay off busy streets when exercising. 

· When outdoors, limit the amount of time you spend in direct sunlight, especially at midday. 

· Check your house for radon gas. (Hardware and home supply stores sell inexpensive testing kits.) 

· Get medical and dental x-rays only when absolutely necessary. 

· Take medications only when absolutely necessary. (Note: Always consult your doctor before you stop taking any medicine that he has prescribed.) 

Broccoli 
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The hearty structure, fresh appearance and ease of preparation combined with its exceptional nutritional value help to make broccoli one of the favorite vegetables of health conscious American consumers. While it is available year-round, the season for broccoli runs from October through May when it has the best flavor and is of the highest quality. 

Broccoli is a member of the cabbage family, and is closely related to cauliflower. Its cultivation originated in Italy. Broccolo, its Italian name, means “cabbage sprout.” Because of its different components, broccoli provides a range of tastes and textures, from soft and flowery (the floret) to fibrous and crunchy (the stem and stalk). Do not let the smell of the sulfur compounds that are released while cooking keep you away from these highly nutritious vegetables. 
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Health Benefits

Cancer Protection

Like other cruciferous vegetables, broccoli contains phytochemicals--sulforaphane and the indoles--with significant anti-cancer effects. Research on indole-3-carbinol shows this compound helps deactivate a potent estrogen metabolite (2-hydroxyestrone)that promotes tumor growth, especially in estrogen-sensitive breast cells. Indole-3-carbinol has been shown to suppress not only breast tumor cell growth, but also cancer cell metastasis (the movement of cancerous cells to other parts of the body). Scientists have found that sulforaphane boosts the body's detoxification enzymes, potentially by altering gene expression, thus helping to clear potentially carcinogenic substances more quickly. When researchers at Johns Hopkins studied the effect of sulphoraphane on tumor formation in lab animals, those animals given sulforaphane had fewer tumors, and the tumors they did develop grew more slowly and weighed less, meaning they were smaller. 


A study published December 2003 in the cancer journal, Oncology Report demonstrated that sulforaphane, which is a potent inducer of Phase 2 liver detoxification enzymes, also has a dose-dependent ability to induce cell growth arrest and cell death via apoptosis (the self-destruct sequence the body uses to eliminate abnormal cells) in both leukemia and melanoma cells. Another recent study, published in the December 2003 issue of Cancer, the journal of the American Cancer Society, looked at indole-3-carbinol (I3C), a naturally occurring component of Brassica vegetables, such as cabbage, broccoli, and Brussels sprouts. I3C has been recognized as a promising anticancer agent against certain reproductive tumor cells. This study evaluated I3C’s effects on cell cycling progression and cancer cell proliferation in human prostate cancer cells. I3C was shown to suppress the growth of prostate cancer cells in a dose-dependent manner by blocking several important steps in cell cycling and also to inhibit the production of prostate specific antigen, a protein produced by the prostate whose rising levels may indicate prostate cancer. Researchers noted that the results of this study demonstrate that “I3C has a potent antiproliferative effect” in human prostate cancer cells, which qualifies it as “a potential chemotherapeutic agent” against human prostate cancer. (December 31, 2003)


New research has greatly advanced scientists’ understanding of just how Brassica family vegetables such as cabbage, cauliflower, broccoli, kale and Brussels sprouts help prevent cancer . When these vegetables are cut, chewed or digested, a sulfur-containing compound called sinigrin is brought into contact with the enzyme myrosinase, resulting in the release of glucose and breakdown products, including highly reactive compounds called isothiocyanates. Isothiocyanates are not only potent inducers of the liver’s Phase II enzymes, which detoxify carcinogens, but research recently conducted at the Institute for Food Research in the U.K. shows one of these compounds, allyl isothicyanate, also inhibits mitosis (cell division) and stimulates apoptosis (programmed cell death) in human tumor cells. 

Cell replication (when the parent cell divides to form two daughter cells) occurs in a four-stage process. After the cell divides (the first stage), pole structures are created called spindles (the second or metaphase). If anything interferes with the construction and deconstruction of these spindles, the cell division process stops, and the damaged cells commit suicide. The IFR team, led by Ian Johnson, has shown that isothiocyanate disrupts the metaphase, thus preventing the cell division of the colon cancer cells. Their research will be published in the July 2004 issue of Carcinogenesis. (June 3, 2004)

Broccoli definitely proves the adage, "Good things come in small packages." Broccoli sprouts concentrate phytochemicals found in mature broccoli--a lot. Researchers estimate that broccoli sprouts contain 10-100 times the power of mature broccoli to boost enzymes that detoxify potential carcinogens! A healthy serving of broccoli sprouts in your salad or sandwich can offer as much or even more protection against cancer as larger amounts of mature broccoli. 


A Cardio-Protective Vegetable

Broccoli has been singled out as one of the small number of vegetables and fruits that contributed to the significant reduction in heart disease risk seen in a recent meta-analysis of seven prospective studies. Of the more than 100,000 individuals who participated in these studies, those who diets most frequently included broccoli, tea, onions, and apples—the richest sources of flavonoids—gained a 20% reduction in their risk of heart disease. (October 24, 2003) 


Now, an animal study, published in the May 4, 2004 issue of the Proceedings of the National Academy of Sciences, not only suggests that just eating a couple of tablespoons a day of broccoli sprouts may have a major beneficial impact on cardiovascular health, but offers some of the reasons why. 

In this 14-week study, led by Bernhard Juurlink, from the University of Saskatchewan, Canada, rats prone to high blood pressure and stroke were fed either broccoli sprouts rich in a compound already known to be protective against cancer called glucoraphanin (and also known as sulforaphane glucosinolate or SGS), broccoli sprouts depleted of this substance, or no broccoli sprouts at all. At the end of the study, in rats fed the glucoraphanin-rich diet, tissue antioxidant defense mechanisms increased, inflammation decreased in the heart, arteries and kidneys, and blood pressure dropped. Rats given broccoli sprouts without glucoraphanin and rats given no broccoli sprouts exhibited no protective changes. According to Juurlink, glucoraphanin-rich broccoli sprouts help the body disarm free radicals—not directly like the antioxidant vitamins C and E, which scavenge one free radical at a time by binding to it, and are therefore rendered inactive in the process—but by boosting the body’s own antioxidant defense systems by increasing levels of glutathione, an antioxidant produced by the body that serves as an essential component in glutathione reductase and glutathione peroxidase, some of the liver’s most important detoxification enzymes. The end result is a broad spectrum of ongoing, prolonged antioxidant activity that cycles over and over, eliminating many free radicals.(June 3, 2004) 

Cataract Prevention

Broccoli and other leafy green vegetables contain powerful phytochemical antioxidants in the carotenoid family called lutein and zeaxanthin, both of which are concentrated in large quantities in the lens of the eye. When 36,000 men in the Health Professionals Follow-Up Study were monitored, those who ate broccoli more than twice a week had a 23% lower risk of cataracts compared to men who consumed this antioxidant-rich vegetable less than once a month. In addition to the antioxidant potential of broccoli's carotenoids, recent research has suggested that sulforaphane may also have antioxidant potential, being able to protect human eye cells from free radical stressors. 

Stronger Bones with Broccoli

When it comes to building strong bones, broccoli's got it all for less. One cup of raw broccoli contains 34 grams of calcium, plus 66 mg of vitamin C, which significantly improves calcium's absorption; all this for a total of only 20 calories. To put this in perspective, an orange contains no calcium, 69 mg of vitamin C, and 60--three times as many--calories. Dairy products, long touted as the most reliable source of calcium, contain no vitamin C, but do contain saturated fat. A glass of 2% milk contains 121 calories, and 42 of those calories come from fat. 

Protection Against Ulcers

The same research team that discovered that broccoli sprouts fight cancer have also found that these sprouts may also eradicate Helicobacter pylori, the bacterium not only responsible for most peptic ulcers but one that has been found to increase a person's risk of getting gastric cancer three to sixfold. Glucoraphanin, a compound found in broccoli and broccoli sprouts that the body turns into the cancer-preventive chemical sulforaphane, appears to be more effective than modern antibiotics against H. pylori. Clinical research is being planned that will hopefully confirm these findings, offering people an effective dietary approach to eliminate H. pylori.

As promised, a study published in the December 2003 issue of Antimicrobial Agents and Chemotherapy provides more support for broccoli’s ability to eliminate H. pylori In this study, sulforaphane, a phytochemical richly abundant in the form of its precursor in broccoli sprouts, was able to completely eradicate H. pylori in 8 of 11 mice that had been infected with the bacterium via the implantation of infected human gastric cells. Results were so dramatic the researchers concluded that sulforaphane-rich broccoli may be of benefit in the treatment or prevention of infection with H. pylori, a primary cause of ulcers.(December 31, 2003) 

An Immune System Booster

Not only does a cup of broccoli contain the RDA for vitamin C, it also fortifies your immune system with a hefty 651 mg of beta-carotene, and small but useful amounts of zinc and selenium, two trace minerals that act as cofactors in numerous immune defensive actions. 

A Birth Defect Fighter

Especially if you are pregnant, be sure to eat broccoli. A cup of broccoli supplies 50.41 mg of folic acid, a B-vitamin essential for proper cellular division because it is necessary in DNA synthesis. Without folic acid, the fetus' nervous system cells do not divide properly. Deficiency of folic acid during pregnancy has been linked to several birth defects, including neural tube defects like spina bifida. Despite folic acid's wide occurence in food (it's name comes from the Latin word folium, meaning "foliage," because it's found in green leafy vegetables), folic acid deficiency is the most common vitamin deficiency in the world. 


Protection against Rheumatoid Arthritis
While one July 2004 study suggests that high doses of supplemental vitamin C makes osteoarthritis, a type of degenerative arthritis that occurs with aging, worse in guinea pigs, another indicates that vitamin C-rich foods, such as broccoli, provide humans with protection against inflammatory polyarthritis, a form of rheumatoid arthritis involving two or more joints. 

The findings, presented in the Annals of the Rheumatic Diseases were drawn from a study of more than 20,000 subjects who kept diet diaries and were arthritis-free when the study began, and focused on 73 subjects who developed inflammatory polyarthritis and 146 similar subjects who remained arthritis-free during follow-up between 1993 and 2001. 

Subjects who consumed the lowest amounts of vitamin C-rich foods were more than three times more likely to develop arthritis than those who consumed the highest amounts. 

Description

Broccoli’s name is derived from the Latin word brachium, which means branch or arm, a reflection of its tree-like shape that features a compact head of florets attached by small stems to a larger stalk. Because of its different components, this vegetable provides a complex of tastes and textures, ranging from soft and flowery (the florets) to fibrous and crunchy (the stem and stalk). Its color can range from deep sage to dark green to purplish-green, depending upon the variety. The most popular type of broccoli sold in the United States is known as Italian green, or Calabrese, named after the Italian province of Calabria where it first grew. 

Other vegetables related to broccoli are broccolini, a mix between broccoli and kale, and broccoflower, a cross between broccoli and cauliflower. Broccoli sprouts have also recently become popular as a result of research uncovering their high concentration of the anti-cancer phytochemical, sulforaphane. 

History

Broccoli has its roots in Italy in ancient Roman times when it was developed from wild cabbage, a plant that more resembles collards than broccoli. It spread through out the Near East where it was appreciated for its edible flower heads and was subsequently brought back to Italy where it was further cultivated. Broccoli was introduced to the United States in colonial times, popularized by Italian immigrants who brought this prized vegetable with them to the New World. 

How to Select and Store

Choose broccoli with floret clusters that are compact and not bruised. They should be uniformly colored, either dark green, sage or purple-green, depending upon variety, and with no yellowing. In addition, they should not have any yellow flowers blossoming through, as this is a sign of over maturity. The stalk and stems should be firm, yet tender with no slimy spots appearing either there or on the florets. If leaves are attached, they should be vibrant in color and not wilted. 

Broccoli is very perishable and should be stored in open plastic bag in the refrigerator crisper where it will keep for about four days. Since water on the surface will encourage its degradation, do not wash the broccoli before refrigerating. Broccoli that has been blanched and then frozen can stay up to a year. Leftover cooked broccoli should be placed in tightly covered container and stored in the refrigerator where it will keep for a few days. 

How to Enjoy

For some of our favorite recipes, click Recipes. 

Tips for Preparing Broccoli:

Both cooked and raw broccoli make excellent additions to your meal plan. Some of the health-supporting compounds in broccoli can be increased by slicing or chewing, since both slicing and chewing can help activate enzymes in the broccoli. The heating (for example, steaming) of unsliced broccoli is also just fine, since bacteria in the intestine also have enzymes that can cause production of health-supportive compounds. When cooking broccoli, however, the stems and florets should be prepared differently. Since the fibrous stems take longer to cook, they can be prepared separately for a few minutes before adding the florets. For quicker cooking, make lengthwise slits in the stems. While people do not generally eat the leaves, they are perfectly edible and contain concentrated amounts of nutrients.


The World’s Healthiest Foods has long recommended quickly steaming or healthy sautéing as the best ways to cook vegetables to retain their nutrients. Now, two studies published in the October 2003 issue of the Journal of the Science of Food and Agriculture that investigated the effects of various methods of cooking broccoli confirms this advice. Of all the methods of preparation, steaming caused the least loss of nutrients. Microwaving broccoli in water resulted in a loss of 97%, 74% and 87% of its three major antioxidant compounds—flavonoids, sinapics and caffeoyl-quinic derivatives. In comparison, steaming broccoli resulted in a loss of only 11%, 0% and 8%, respectively, of the same antioxidants. Study co-author, Dr. Cristina Garcia-Viguera, noted that “Most of the bioactive compounds are water-soluble, during heating they leach in a high percentage to the cooking water…because of this it is recommended to cook vegetable in the minimum amount of water (as in steaming) in order to retain their nutritional benefits. A second study published in the same issue of the Journal of the Science of Food and Agriculture provides similar evidence. In this study, Finnish researchers found that blanching vegetables prior to freezing caused losses of up to a third of their antioxidant content. Although slight further losses occurred during frozen storage, most bioactive compounds including antioxidants remained stable. The bottomline: how you prepare and cook your food may have a major impact on its nutrient-density.(December 3, 2003) 

A Few Quick Serving Ideas:

Sprinkle lemon juice and sesame seeds over lightly steamed broccoli. 

Toss pasta with olive oil, pine nuts and healthy sautéed broccoli florets. Add salt and pepper to taste. 

Purée cooked broccoli and cauliflower, then combine with seasonings of your choice to make a simple, yet delicious, soup. 

Add broccoli florets and chopped stalks to omelets. 

Safety

Broccoli contains goitrogens, naturally-occurring substances in certain foods that can interfere with the functioning of the thyroid gland. Individuals with already existing and untreated thyroid problems may want to avoid broccoli for this reason. Cooking may help to inactivate the goitrogenic compounds found in food. However, it is not clear from the research exactly what percent of goitrogenic compounds get inactivated by cooking, or exactly how much risk is involved with the consumption of broccoli by individuals with pre-existing and untreated thyroid problems. 

Nutritional Profile

Introduction to Food Rating System Chart
The following chart shows the nutrients for which this food is either an excellent, very good or good source. Next to the nutrient name you will find the following information: the amount of the nutrient that is included in the noted serving of this food; the %Daily Value (DV) that that amount represents (similar to other information presented in the website, this DV is calculated for 25-50 year old healthy woman); the nutrient density rating; and, the food's World's Healthiest Foods Rating. Underneath the chart is a table that summarizes how the ratings were devised. For more detailed information on our Food and Recipe Rating System, please click here. 

  

	Broccoli, Raw
1.00 cup
19.88 calories

	Nutrient

	Amount

	DV
(%)

	Nutrient
Density

	World's Healthiest
Foods Rating


	vitamin K

	145.55 mcg

	231.0

	235.9

	excellent


	vitamin C

	66.17 mg

	88.2

	90.1

	excellent


	vitamin A

	1094.82 IU

	27.4

	27.9

	excellent


	folate

	50.41 mcg

	12.6

	12.9

	excellent


	dietary fiber

	2.13 g

	10.7

	10.9

	excellent


	vitamin B6 (pyridoxine)

	0.11 mg

	8.5

	8.6

	very good


	vitamin E

	1.18 mg

	7.9

	8.0

	very good


	vitamin B5 (pantothenic acid)

	0.38 mg

	7.6

	7.8

	very good


	vitamin B2 (riboflavin)

	0.08 mg

	7.3

	7.4

	very good


	phosphorus

	46.86 mg

	6.7

	6.8

	very good


	potassium

	230.75 mg

	6.6

	6.7

	very good


	tryptophan

	0.02 g

	6.3

	6.4

	very good


	magnesium

	17.75 mg

	5.5

	5.7

	very good


	manganese

	0.16 mg

	4.6

	4.7

	good


	vitamin B1 (thiamin)

	0.05 mg

	4.5

	4.6

	good


	protein

	2.12 g

	4.2

	4.3

	good


	iron

	0.62 mg

	4.1

	4.2

	good


	selenium

	2.13 mcg

	3.9

	4.0

	good


	calcium

	34.08 mg

	3.4

	3.5

	good


	vitamin B3 (niacin)

	0.45 mg

	3.2

	3.3

	good



	World's Healthiest
Foods Rating

Rule

excellent

DV>=75%

OR

Density>=7.6

AND

DV>=10%

very good

DV>=50%

OR

Density>=3.4

AND

DV>=5%

good

DV>=25%

OR

Density>=1.5

AND

DV>=2.5%




At this very moment a silent defense network circulates through our bloodstream as a united front against disease and aging. What it is and where its members come from varies, but they share one very powerful aim: to neutralize dangerous excess fractions of oxygen known as "free radicals." 

Free radicals occur when stable oxygen molecules are transformed into a highly reactive, unstable form of oxygen. These unstable forms of oxygen are produced in normal processes of cell metabolism, which means the daily tasks of assimilating nutrients, creating energy, reproducing, repairing cellular damage, and disposing of waste left over from all the other functions. Free radicals are also produced in the body by alcohol, cured meats, artificial colorings and flavors, petrochemicals, inhaled fumes, herbicides, asbestos, smog, ultraviolet radiation, X rays, chemotherapy, smoking, emotional stress, physical trauma, some drugs, and a myriad of other sources. Free radicals, in excessive quantities, are now increasingly regarded as primary forces of destruction in nearly all living things. 

"Antioxidants and Free Radical Scavengers" are terms for a certain group of nutrients that prevent the destruction of healthy cells in the body caused by too many free radicals. The stabilization of free radicals is a means of strengthening bodily structure and improving overall metabolic functions. Antioxidants act as defusers of these free radical molecular time-bombs. 

Although most living organisms have extremely efficient protective systems for defending themselves against the ravaging effects of excessive free radicals, our natural defenses are falling short of what is necessary for health and vitality. Not only are most Americans creating far more free radicals in their bodies now than a few decades ago because of numerous environmental toxins, but the supply of antioxidants provided in our diet has also fallen sharply. 

Antioxidants are very effective in protecting us from free radical damage, but getting a sufficient supply of antioxidants from our diets is nearly impossible. Supplementation is now even more crucial to good health than it ever has been. 

The Players 

The four ACES of the antioxidant community, ( Vitamins A, C, E and Selenium) are now being recognized by almost everyone. And indeed they should be. Vitamins A (beta carotene, its precursor), C, and E, and Selenium are the body's front line defense against free radical damage. But be careful. Many factors affect how well these substances work, especially in the case of beta carotene and Vitamin E. 

Carotenoids are one of the most common dietary agents that have been studied as cancer-preventive agents. Although the number of naturally occurring carotenoids isolated from various sources is in excess of 600, the number of carotenoids that are abundant in common foods is less than 50. While beta-carotene is recognized as the most biological active of these different carotinoids, its activity is greatly enhanced when combined with other naturally-occurring carotinoids, such as Alpha-carotene, Cryptoxanthin, Lutein, Lycopene and Zeaxanthin. These potent protectors of our immune systems are referred to as "natural mixed carotinoids" and are found in the Syntra-Shield. 

The four ACES of the antioxidant community are important players in any preventative health program, but other recently-discovered antioxidants are now known to offer many times the amount of free radical protection than even the four ACES. They're called OPC's. 

Oligomeric Proanthocyanidins (OPC's) are a sub-group of natural compounds (Pycnogenol® being one of the more well known) that belong to the family of over 20,000 different natural bioflavonoids. They're often associated in nature with vitamin C and have been isolated from many natural foods such as: apples, quinces, cherries, grapes, raspberries, blackberries, cranberries, sorghum, strawberries, beans, hops, and rose hips. The most concentrated natural sources of OPC's are found in grape seeds. OPC's are water soluble and destroyed or discarded during cooking, making it necessary for daily supplementation to provide adequate levels in the body. 

Scientific research confirms the ability of OPC's to neutralize free radicals and to help conserve and regenerate vitamins C and E. In fact, OPC's are believed to neutralize free radicals 20 to 50 times better than vitamins C and E!!! OPC's also strengthen capillary walls by making elastin and collagen fibers more resistant to destruction from free radicals. The medical application of this activity alone is responsible for countless health benefits. 

Bilberry is rich in an active ingredient called anthocyanosides. This potent berry helps protect the body's collagen against free radical damage. Collagen is the protein-based substance that gives tendons, ligaments, cartilage, and skin their tensile strength and shape. It also aids in keeping red blood cells from clumping together; helps keep blood sugar at an even level in cases of diabetes; and helps relax smooth muscle. With its abilities to strengthen collagen and blood vessels, bilberry has long been known for its ability to improve vision and prevent bleeding under the surface of the skin, i.e. red eyes, varicose veins, hemorrhoids, etc. 

Coenzyme Q10 is a potent energy source and powerful antioxidant, but perhaps its greatest talents are displayed deep within our cells. Inside each body cell is a power plant called a mitochondrion. Inside this cellular power plant, a number of sequenced steps occur to produce the energy that keeps us alive and moving. Whenever several steps are necessary to produce an end product, the body speeds up the process using a special protein called an enzyme. Sometimes, two or more substances must combine to produce one enzyme. These substances are called coenzymes, and in mitochondria one of the very most important coenzymes keeps the power plant fires stoked and burning. Its name is coenzyme Q10 (co Q10). It aids in the production of energy, and is a powerful antioxidant and free radical scavenger. Like vitamin E, Co Q10 is an antioxidant that protects fat molecules from becoming oxidized. 

Garlic is an incredibly complex mixture of active chemicals that was called "Russian penicillin" during World War II. This pungent bulb has impressive talents. It lowers LDL (low density lipoproteins), the "bad-for-you" form of cholesterol while increasing HDL (high density lipoproteins), the good form of cholesterol; lowers blood pressure; improves blood flow to the arms and legs; kills bacteria, fungus, yeasts, viruses, and parasites; and prevents fats other than LDL cholesterol from being oxidized or from infiltrating the blood vessel wall. One speaker at the 4th International Congress on Phytotherapy, held in Munich in 1992, noted that no other antioxidant could claim as many triumphant benefits to cardiovascular health as garlic. 

Ginkgo Biloba is a synergistic masterpiece of active flavonoid ingredients. Researchers have found so many active ingredients and so many sites in the body where the compounds are active, that to isolate just a few of the more active ingredients would diminish this remarkable herb's properties significantly!!! Ginkgo Biloba, like vitamin E and Co Q10, protects fats from oxidation. Since the brain has a higher proportion of unsaturated to saturated fats than anywhere else in the body, it's no wonder that ginkgo biloba has proven itself effective in improving memory, improving concentration, accelerating learning, increasing blood flow and oxygenation of tissues, improving the transmission of nerve signals, and generally improving brain function. 

Green Tea is literally a chemical soup of numerous antioxidant polyphenols such as catechins and quercetin, which have been shown to increase blood antioxidant activity by over 40% within 30 minutes of drinking one cup of strong green tea. 

Lycopene is a remarkable antioxidant found almost exclusively in tomatoes. Recent research has shown Lycopene to be effective in improving mental and physical functioning. German tests show Lycopene more powerful in eliminating specific free radicals than even much-touted beta carotene. 

Milk Thistle is an herb that has been used for centuries in the treatment of liver disorders. It contains some of the most potent liver-protecting substances known to exist. It contains many bioflavonoids which act in the body to increase membrane strength and reduce membrane permeability. It stimulates protein synthesis, while accelerating the process of liver regeneration in damaged tissues. 

Quercetin is a bioflavonoid called a flavone. Found largely in citrus, Quercetin has been found to possess strong antiallergic and anti-inflammatory activity. It has also been found to strengthen the immune system. 

Free Radicals and Reactive Oxygen

A radical (often, but unnecessarily called a free radical) is an atom or group of atoms that have one or more unpaired electrons. Radicals can have positive, negative or neutral charge. They are formed as necessary intermediates in a variety of normal biochemical reactions, but when generated in excess or not appropriately controlled, radicals can wreak havoc on a broad range of macromolecules. A prominent feature of radicals is that they have extremely high chemical reactivity, which explains not only their normal biological activities, but how they inflict damage on cells. 

Oxygen Radicals
There are many types of radicals, but those of most concern in biological systems are derived from oxygen, and known collectively as reactive oxygen species. Oxygen has two unpaired electrons in seperate orbitals in its outer shell. This electronic structure makes oxygen especially susceptible to radical formation. 

Sequential reduction of molecular oxygen (equivalent to sequential addition of electrons) leads to formation of a group of reactive oxygen species: 

· superoxide anion 

· peroxide (hydrogen peroxide) 

· hydroxyl radical 

The structure of these radicals is shown in the figure below, along with the notation used to denote them. Note the difference between hydroxyl radical and hydroxyl ion, which is not a radical. 
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Another radical derived from oxygen is singlet oxygen, designated as 1O2. This is an excited form of oxygen in which one of the electrons jumps to a superior orbital following absorption of energy. 

Formation of Reactive Oxygen Species
Oxygen-derived radicals are generated constantly as part of normal aerobic life. They are formed in mitochondria as oxygen is reduced along the electron transport chain. Reactive oxygen species are also formed as necessary intermediates in a variety of enzyme reactions. Examples of situations in which oxygen radicals are overproduced in cells include: 

· White blood cells such as neutrophils specialize in producing oxygen radicals, which are used in host defense to kill invading pathogens. 

· Cells exposed to abnormal environments such as hypoxia or hyperoxia generate abundant and often damaging reactive oxygen species. A number of drugs have oxidizing effects on cells and lead to production of oxygen radicals. 

· Ionizing radiation is well known to genereate oxygen radicals within biological systems. Interestingly, the damaging effects of radiation are higher in well oxygenated tissues than in tissues deficient in oxygen. 

Biological Effects of Reactive Oxygen
It is best not to think of oxygen radicals as "bad". They are generated in a number of reactions essential to life and, as mentioned above, phagocytic cells generate radicals to kill invading pathogens. There is also a large body evidence indicating that oxygen radicals are involved in intercellular and intracellular signalling. For example, addition of superoxide or hydrogen peroxide to a variety of cultured cells leads to an increased rate of DNA replication and cell proliferation - in other words, these radicals function as mitogens. 

Despite their beneficial activities, reactive oxygen species clearly can be toxic to cells. By definition, radicals possess an unpaired electron, which makes them highly reactive and thereby able to damage all macromolecules, including lipids, proteins and nucleic acids. 

<POne of the best known toxic effects of oxygen radicals is damage to cellular membranes (plasma, mitochondrial and endomembrane systems), which is initiated by a process known as lipid peroxidation. A common target for peroxidation is unsaturated fatty acids present in membrane phospholipids. A peroxidation reaction involving a fatty acid is depicted in the figure below. 
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Reactions involving radicals occur in chain reactions. Note in the figure above that a hydrogen is abstracted from the fatty acid by hydroxyl radical, leaving a carbon-centered radical as part of the fatty acid. That radical then reacts with oxygen to yield the peroxy radical, which can then react with other fatty acids or proteins. 

Peroxidation of membrane lipids can have numerous effects, including:
· increased membrane rigidity 

· decreased activity of membrane-bound enzymes (e.g. sodium pumps) 

· altered activity of membrane receptors. 

· altered permiability 

In addition to effects on phospholipids, radicals can also directly attack membrane proteins and induce lipid-lipid, lipid-protein and protein-protein crosslinking, all of which obviously have effects on membrane function. 

Mechanisms for Protection Against Radicals
Life on Earth evolved in the presence of oxygen, and necessarily adapted by evolution of a large battery of antioxidant systems. Some of these antioxidant molecules are present in all lifeforms examined, from bacteria to mammals, indicating their appearance early in the history of life. 

Many antioxidants work by transiently becoming radicals themselves. These molecules are usually part of a larger network of cooperating antioxidants that end up regenerating the original antioxidant. For example, vitamin E becomes a radical, but is regenerated through the activity of the antioxidants vitamin C and glutathione. 

Enzymatic Antioxidants
Three groups of enzymes play significant roles in protecting cells from oxidant stress:

Superoxide dismutases (SOD) are enzymes that catalyze the conversion of two superoxides into hydrogen peroxide and oxygen. The benefit here is that hydrogen peroxide is substantially less toxic that superoxide. SOD accelerates this detoxifying reaction roughly 10,000-fold over the non-catalyzed reaction. 
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SODs are metal-containing enzymes that depend on a bound manganese, copper or zinc for their antioxidant activity. In mammals, the manganese-containing enzyme is most abundant in mitochondria, while the zinc or copper forms predominant in cytoplasm. Interestingly, SODs are inducible enzymes - exposure of bacteria or vertebrate cells to higher concentrations of oxygen results in rapid increases in the concentration of SOD. 

Catalase is found in peroxisomes in eucaryotic cells. It degrades hydrogen peroxide to water and oxygen, and hence finishes the detoxification reaction started by SOD. 

Glutathione peroxidase is a group of enzymes, the most abundant of which contain selenium. These enyzmes, like catalase, degrade hydrogen peroxide. They also reduce organic peroxides to alcohols, providing another route for eliminating toxic oxidants. 

In addition to these enzymes, glutathione transferase, ceruloplasmin, hemoxygenase and possibly several other enzymes may participate in enzymatic control of oxygen radicals and their products. 

Non-enzymatic Antioxidants
Three non-enzymatic antioxidants of particular importance are:
Vitamin E is the major lipid-soluble antioxidant, and plays a vital role in protecting membranes from oxidative damage. Its primary activity is to trap peroxy radicals in cellular membranes. 

Vitamin C or ascorbic acid is a water-soluble antioxidant that can reduce radicals from a variety of sources. It also appears to participate in recycling vitamine E radicals. Interestingly, vitamin C also functions as a pro-oxidant under certain circumstances. 

Glutathione may well be the most important intracellular defense against damage by reactive oxygen species. It is a tripeptide (glutamyl-cysteinyl-glycine). The cysteine provides an exposed free sulphydryl group (SH) that is very reactive, providing an abundant target for radical attack. Reaction with radicals oxidizes glutathione, but the reduced form is regenerated in a redox cycle involving glutathione reductase and the electron acceptor NADPH. 

In addition to these "big three", there are numerous small molecules that function as antioxidants. Examples include bilrubin, uric acid, flavonoids and carotenoids. 
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