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FOREWORD
by Jean Carper

I remember first meeting Dr. Andreas Papas at a scientific conference in Washington, D.C., in 1994. I was working on a book Stop Aging Now! that included a chapter on the antioxidant powers of vitamin E. And, of course, Dr. Papas was giving a presentation on ever-some-new scientific discovery about the properties of vitamin E. Dr. Papas is not the first, or last, scientist I have interviewed about antioxidants and vitamin E in particular. But he stands out in my mind for his ability to make absolutely clear to nonbiochemists like myself the complex workings of this most powerful antioxidantand why it is so crucial for optimum protection from disease and premature aging.

Dr. Papas is also well recognized by his colleagues for his prolific scientific publication. For example, he is the editor of a recent 650-page scientific tome Antioxidant Status, Diet, Nutrition, and Health, comprising thirty-eight contributors who would easily be chosen to be in the Whos Who of leading investigators on antioxidants around the world.

But whats amazing to me about Dr. Papas is that he has written this book, The Vitamin E Factor. When he first told me he wanted to write it, I was a little dubious. Dozens of scientists tell me they are writing popular books to enlighten the general public about complex issues in science, but few actually get them done, and fewer yet are able to write them in ways that anyone except a scientist can understand or would want to read.

After reading only the first few pages, I knew that Dr. Papas had succeeded in communicating very complex, obtuse information about vitamin E, which is his passionate research interest, in a way that is bound to grab and hold any reader. Compared with other scientists who try to write for ordinary readers, Dr. Papas has performed the equivalent of scaling mountains and jumping over tall buildings.

He has written a gem of a book, packed with fascinating facts and advice on how to use vitamin E to save your life and improve your health. His prose is snappy and informative, his knowledge and advice impeccable. You can turn to any page and be happily confronted with biographical data of all types about vitamin Eanecdotes, history, easy-to-understand chemical profiles, tales of its exploits in conquering the cellular enemies that bring on disease and premature deathas well as sensible concrete recommendations for taking vitamin E supplements. In some places, he makes a chemistry lesson as easy to swallow as a bite of ice cream. It is lucky for all of us that Dr. Papas has applied his lively, direct writing style to a subject of such vital health importance for everyone.

Of all antioxidants, most scientists agree, none is more thoroughly studied or praised than vitamin E. In my own writings, I have often said if you take only one antioxidant vitamin, make it vitamin E.

In this book you will find out why.

Dr. Papas presents his special insights into the cutting-edge research that proves why you should take vitamin E and recommends what type of vitamin E you should take to help


	Prevent the processes that clog arteries

	Lower risk of heart attacks

	Raise your immune functioning

	Save your brain from Alzheimers and possibly Parkinsons disease

	Block cell changes involved in promoting cancer

	Delay the onset of type-2 diabetes

	Reduce exercise-induced cell damage

	Lessen odds of male infertility

	Reduce the risk of cataracts

	Alleviate or prevent autoimmune inflammatory diseases such as arthritis

	Protect the skin from sun damage

	Slow down the entire aging process



Its a long list backed up by persuasive medical research.

If you are not taking vitamin E now, I think you will start quickly after reading The Vitamin E Factor.

Bookstores and especially health food stores are full of books on specific nutrients, vitamins, antioxidants, and supplements. I have never seen a better book on a major vitamin anywhere than Dr. Papas s book on vitamin E.

JEAN CARPER

Author of Miracle Cures,

Stop Aging Now!,

FoodYour Miracle Medicine, and The Food Pharmacy


INTRODUCTION

The Benefits of Vitamin EAre Many!

The Form and Dose Make a World of Difference

THE CARDIOLOGISTS (NOT SO LITTLE) SECRET

Jason Mehta, a student at Eastside High School in Gainesville, Florida, made the national news in 1997 with an unusual school project. Jason asked 181 cardiologists (heart specialists), members of the prestigious American College of Cardiology, what practices they were following in their personal lives in order to prevent heart attacks. The results of this survey so startled Jasons father, a professor of medicine at the University of Florida, that he helped his son publish the study. In what was probably a first for a high school project, Jasons study was published in the American Journal of Cardiology.


Taking antioxidant supplements is the number one practice of cardiologists as a way to prevent heart attacks. Topping the list of antioxidants is vitamin E.



If cardiologists choose for themselves an extremely safe, low-cost nutrient to reduce substantially their risk of heart attacks, shouldnt you be interested? If doctors take the same nutrient to help them maintain good health, fend off other chronic diseases, and delay the ravages of aging, shouldnt you make sure that you do the same? Vitamin E is this nutrient, and you can take full advantage of its many benefits today!



Use of vitamin E by cardiologistsa dramatic change of heartLess than ten years ago most doctors, and especially cardiologists, would have ridiculed a suggestion that vitamin E, a simple nutrient, could reduce heart attacks. Just a few decades ago, doctors who used vitamin E to treat heart patients, like the Shute brothers in Canada, were not only ridiculed and ostracized but also, even worse, their careers were ruined. This dramatic change of heart in the mainstream medical community occurred in response to powerful research from top universities around the world. Here are a few examples:


	In a landmark study of 130,000 doctors and nurses, researchers at Harvard University reported that the group with the highest vitamin E intake had forty percent fewer heart attacks.

	In a study of 34,000 elderly women, researchers at the University of Minnesota found a sixty-two percent lower risk in the group with the highest vitamin E intake.

	In an ongoing clinical study, now in its fifth year, a mixture of tocopherols and tocotrienols (all members of the vitamin E family) appears to partially reverse the stenosis (narrowing) of the carotid artery in forty percent of the patients.





Even the conservative and very cautious American Heart Association was impressed. Vitamin E was named in the top ten research advances in heart disease in 1996. Its president, Dr. Jan Breslow, stated in an official release:


Vitamin E either in food or in supplements helps prevent heart diseaseVitamin E appears to prevent coronary heart disease, a disease caused by clogging the arteries that feed the heart. Several studies in 1996 lend credence to this antioxidant vitamins possible role in preventing heart disease.





Jasons study showed that cardiologists are five times more likely than a member of the general population to take vitamin E supplements. It also showed something that may surprise you. Many cardiologists take vitamin E supplements themselves, but they do not recommend them to their patients. The fear of being ridiculed lingers on

Gallup and other statistics agree. Only one in eleven of us take vitamin E in supplements in addition to what we are taking in multivitamins. And that is not even remotely enough to reduce heart attacks. More on this below.



REDUCING HEART DISEASE IS JUST THE BEGINNING

Reducing heart attacks would be ample reason to take vitamin E. But thats only one of its many health benefits. Lets take a quick look at some others.



Aging and immunity: Studying healthy elderly people, researchers at Tufts University reported that vitamin E increased the power of disease-fighting T cells by sixty-five percent and boosted another defense system sixfold. A strong immune system can fend off chronic diseases and infections.



Alzheimers disease: A collaborative study at major medical centers across the United States found that in Alzheimers patients taking large doses of vitamin E progression of the memory-robbing disease appeared to slow down by six to seven months.



Cancer: In a major clinical study known as the Finnish Study, men taking vitamin E for six years had thirty-two percent fewer diagnoses of prostate cancer and forty-one percent fewer prostate cancer deaths than men who did not take vitamin E. A research team at Vanderbilt University found that vitamin E boosted the activity of the most important chemotherapy drug for colon cancer.



AIDS: A Johns Hopkins study showed that HIV-infected men with more vitamin E in their blood were thirty-four percent less likely than other HIV patients to develop full-blown AIDS.



Male fertility: Israeli researchers at the Serlin Maternity Hospital in Tel Aviv reported that vitamin supplements enhanced the ability of mens sperm to fertilize eggs by ten percent.



And the list goes onResearch shows that vitamin E can help in preventing, managing, and even treating the following diseases and conditions:


	Cataracts

	Diabetes

	Asthma and allergies

	Effects of pollution

	Skin health

	Wound healing

	Menopause



TOO GOOD TO BE TRUE? ITS THE SCIENCE

Are you skeptical that a simple nutrient can have so many health benefits? You have every right to be. I was when I started working with vitamin E quite a few years ago. Besides, there have been many exaggerated or outright false health claims made for products that are not only ineffective, but even worse, unsafe!



So why is it different with vitamin E? Very simply, science confirms these claims. The depth and the quality of the research on vitamin E are extraordinary. The studies I mentioned above were conducted by world-class researchers associated with some of the most respected universities and research centers in the world. The National Institutes of Health (NIH) funded major parts of this research, especially large clinical studies, after careful evaluation by experts. More important, the research was of the high caliber required for publication in some of the most prestigious scientific and medical journals:


New England Journal of Medicine



JAMA (Journal of the American Medical Association)



Lancet (the British counterpart of the New England Journal of Medicine)



Journal of the National Cancer Institute



Proceedings of the National Academy of Sciences of the United States of America



Nature



Fertility and Sterility



GETTING THE FULL BENEFIT OF VITAMIN ESTRATEGY IS A MUST

A personalized strategy is a must in order to take full advantage of the many benefits of vitamin E. Because vitamin E has many effects, one dose and form does not fit all. Needs are different for the elderly, pregnant women, people with family history of disease, athletes, or people who already suffer from chronic diseases.

Eating the right foods is only the beginning because we cannot get enough vitamin E from the diet. For this reason, use of supplements is an essential part of any strategy: How much to take and, more important, which form? Choosing the right form is critical for getting the full benefit! And if supplements are anathema to you, which foods will give you the most and best form of vitamin E?

In this book, you will find out how vitamin E can help you reduce the risk of heart attacks and many other dreadful chronic diseases, maintain good health, and slow down the aging process. Specifically you will be able to


	Understand the whole vitamin E family of compounds and the real differences between natural and synthetic

	Choose the best form and dose for you, based on your age, diet, family history, physiological stage, and lifestyle

	Develop a personalized strategy so that you can achieve the maximum benefit based on the most recent research around the world



Lets preview, very briefly, why knowing the vitamin E family of compounds and understanding the differences between natural and synthetic forms are so important for developing a personalized strategy.



CHOOSING THE RIGHT FORM OF VITAMIN E IS NOT ONLY IMPORTANT, IT IS CRITICAL

Many vitamins consist of a single compound. Whether natural or synthetic, their molecule is the same. So whats important is their potency and what they can do for us. Not so for vitamin E! Eight different compoundsfour tocopherols and four tocotrienolsmake up the vitamin E family. All eight forms are found in our foods.

Supplements, however, are different. Today if you walk into a health food store, a pharmacy, or your neighborhood supermarket, you will find vitamin E supplements that contain only one of the eight compounds, alpha-tocopherol. So what is wrong with that? You are missing very important benefits of the other tocopherols and tocotrienols!


Researchers have been discovering important benefits of these compounds. This has been an emerging area of research with many new discoveries.

You can take advantage of these discoveries today!



Natural versus syntheticthe differences are major and very real: Unlike most vitamins, there is a real difference between natural and synthetic alpha-tocopherol. The natural form is a single entity. In contrast, the synthetic alpha-tocopherol is a mixture of eight different entities.

These differences can be critical, especially for people with special needs like babies and pregnant mothers. In this book you will learn the differences and how to tell the natural from the synthetic.


Natural doesnt mean much when it comes to vitamins, with vitamin E probably the only exception.

New York Times, February 3, 1993



Some people have very special needs: People who have problems with their digestive system cannot absorb the regular forms of vitamin E. Some diseases like AIDS wreak havoc with absorption of nutrients, including vitamin E. There are special forms that can help prevent serious and even life-threatening deficiency! You will learn about these forms and when they are needed.



WE CANNOT GET ENOUGH VITAMIN E FROM OUR DIET

How much vitamin E do we need in order to get its many benefits? Although we do not have all the answers yet, we do know that we need more, much more than we get from a well-balanced diet. Even taking a multivitamin supplement does not provide nearly enough! And our needs change with age, health condition, and family risk factors. What is best for me?


This book provides answers to these and many other important questions. I hope that it will inform you about the exciting important discoveries on vitamin E and inspire you to take full advantage of its many benefits!

When your mother told you to take your vitamins, perhaps she should have been more specific, as in, Dont forget to take your vitamin E.

CNN News from Medicine, May 2,1996

How many of you take vitamin E? Over sixty percent of the audience raised their hands. And how many of you tell your patients to take it? Most of the hands came down.

Personal experience from several medical meetings





PART I
The Vitamin E FamilyUp Close and Personal

 The History of Vitamin E



 Getting to Know the Vitamin E Family



 What Is Esterified Alpha-Tocopherol?



 Why Natural Vitamin E Is Better





Chapter 1
THE HISTORY OF VITAMIN E

A rags to riches story:

From a vitamin looking for a disease

To the shady lady of vitamins

To the master antioxidant and supernutrient!


Good fairies attended every phase of the advent and early history of vitamin E.

Herbert M. Evans, 1962



THE DISCOVERY

If good fairies were indeed helping, they chose some really good researchers. The year was 1922 and the place the University of California at Berkeley. Herbert M. Evans, a young research physician specializing in embryology, and his assistant, Katharine S. Bishop, were feeding their laboratory rats a special semipurified diet. This diet was developed by two groups of pioneer nutritionists of that era, Drs. Thomas B. Osborne and Lafayette B. Mendel and Drs. Henry A. Mattil and R. E. Conklin.



SEMIPURIFIED AND PURIFIED DIETS: AN IMPORTANT RESEARCH TOOL FOR NUTRITIONISTS

Instead of whole foods, semipurified diets contain mosdy ingredients isolated in pure form and only a small amount of whole food. For example, the diet used by Evans and Bishop contained starch to provide carbohydrates, milk casein for protein, lard and butter for fat, brewers yeast for micronutrients including some vitamins, and salts for minerals. Unlike semipurified diets, purified diets do not contain whole foodsonly pure ingredients.

Semipurified and purified diets have been great tools for nutrition research. By excluding a nutrient from the diet, researchers can evaluate the effect of its absence on survival, growth, and health. By introducing increasing amounts of the nutrient in the diet, they can determine what is the minimum amount required for survival, good growth, and health. And they can keep increasing the amount until they find the level that causes toxicity and death.



Drs. Evans and Bishop saw their rats grow well. The females, however, would become pregnant, but their pregnancies would not go to term. Their pups would die in the womb and be resorbed or be born dead. When they supplemented the rats diet with fresh lettuce and, in later studies, with wheat germ, healthy pups were born. They figured that something was missing from the diet but did not have the foggiest idea what it was. The mystery ingredient was dubbed as Factor X.

Drs. Evans and Bishop relayed their observation to Professor Mendel, the leading developer of the diet. His response was vintage professorial; uncovering the mystery of Factor X, he suggested, would make a splendid project for a graduate studentassign one! The lucky fellow was Karl E. Mason.



Vitamin E is born: Continuing their research, Drs. Evans and Bishop found that Factor X was in the lipid extract of lettuce. This was a clear clue that it was a fat-soluble substance. Mason found that deficiency of this factor caused damaging lesions in the testis (male reproductive gland) and uterus of rats. They figured that Factor X was really important and deserved a real name. This was the era when vitamins were being discovered. Factor X appeared to have the attributes of a vitamin.



UNSUNG PIONEERS OF VITAMIN E

Unbeknownst to Drs. Evans and Bishop, Dr. Barnett Sure at the University of Arkansas observed independently that a missing factor in the diet was making male rats sterile. He proposed in 1924, one year earlier than Dr. Evans, the name vitamin E. The letters A, B, and C were already taken, and D was spoken for.

Also Dr. Matill and his group at the University of Iowa described briefly an atrophy (poor growth) of the testis before Dr. Mason had.

Sure and Matill deserve major credit for their contribution to the discovery of vitamin E.



Evans proposed one year later the name vitamin E for the same reasons as Dr. Sure. We have adopted the letter E as the next serial alphabetical designation, the antirrachitic vitamin now being known as vitamin D, Dr. Evans wrote in 1925.

THE FRUSTRATING DECADE (1925-1935): A VITAMIN LOOKING FOR A DISEASE

The excitement from the discovery of vitamin E did not last very long. It was soon overshadowed by the slow progress in figuring out its function.

Scientists were seriously hampered in their research. They did not know whether vitamin E was a single compound or what its structure was. And there was no pure or even concentrated vitamin E to use in their studies. Wheat germ was a good sourcebut how much was there? There was no method to analyze for vitamin E or to measure its potency!



GETTING THE WRONG LABEL: SEX VITAMIN (AND SHADY LADY)

If vitamin E is essential for reproduction, some reasoned, then it must be able to cure problems of fertility and reproduction. And sure enough it would help the sex drive! The initial excitement of veterinarians and clinicians (and many other people) turned out to be a major disappointment. And the stories about sex drive made good fodder for jokesnot the impetus for good science! The labels sex vitamin and shady lady of vitamins haunted vitamin E for decades.



In retrospect, the small progress made was important! Scientists uncovered the devastating effects of vitamin E deficiency on the muscles and the nervous system (including the brain). They also described the conditions of


	Paralysis of baby rats suckling vitamin E-deficient mothers

	Chicken encephalomalacia, which is a softening, almost rotting of the brain that results in death of chickens

	Muscular dystrophy in guinea pigs and rabbits



It was also during this decade that scientists began to suspect that vitamin E acted as an antioxidant!

HINDSIGHT IS TWENTY-TWENTY: LEARNING FROM HISTORY


My studies concerned a description of the process of degeneration of the germinal epithelium of the male rat, which is preventable, but not repairable, (emphasis added)

Karl E. Mason, 1925



We have learned since then that vitamin E deficiency may go unnoticed for years without clinical symptoms. The story of Vicki the elephant in chapter 5 is a classic example of how unnoticed muscle and nerve damage can pile up. We also learned that depleted tissues get replenished slowly and the nerve tissue even more slowly. When the clinical symptoms appear it is usually too late for repair!

The frustration of the researchers in the 1920s and 1930s taught us a very valuable lesson. Vitamin E is tremendously more valuable for prevention than treatment of disease.

More dramatic progress on the chemical front: An avalanche of major developments marked the years 1935-1940.


	1936Evans and his group isolated a compound, an alcohol that appeared to be vitamin E. They even proposed the correct chemical formula for alpha-tocopherol, an amazing feat, considering the limited facilities and equipment of that era.





GETTING A REAL (GREEK) NAME


[image: ]



alpha-Toko-pher-oli (alpha-tocopherol)



Evans wanted a scientific name for the isolated vitamin E compound. He sought the advice of Dr. George Calhoun, a professor of Greek literature at Berkeley.

After learning that vitamin E was essential for having babies, Dr. Calhoun suggested the word tocopherol. Tocos is the Greek word for birth. Ferein is the Greek verb for bringing, and the ending ol(i) denotes an alcohol. Alpha is the first letter of the Greek alphabet. It was added subsequently to the name to distinguish the first isolated tocopherol from other tocopherols discovered later.




	1937Evans and his group isolated beta- and gamma-tocopherols, also members of the vitamin E family.

	1938E. Fernholtz worked out the complete chemical structure of alpha-tocopherol. During the same year alpha-tocopherol was synthesized by P. Karrer and his group at the Hoffmann-La Roche laboratories in Basel, Switzerland, and by Dr. L. Smith at the University of Minnesota.




During this year vitamin E (as mixed tocopherols) was also isolated from natural plant oils by molecular distillation.




	1939The Dutch researchers A. Emmerie and C. Engel developed a method for measuring vitamin E in foods, body tissues, and body fluids. This method replaced a very laborious and time-consuming bioassay.

	1940Distillation Products Industries (DPI) produced and marketed natural-source vitamin E extracted from a vegetable oil by-product.



Researchers confirmed the role of tocopherols as antioxidants. But they remained frustratedthey could not determine with confidence the role of vitamin E in health and disease.

FIRST COMMERCIAL PRODUCTION OF NATURAL-SOURCE VITAMIN E



WHERE NATURAL VITAMIN E (AND A) WAS FIRST PRODUCED: THE STORY OF THE DISTILLATION PRODUCTS INDUSTRIES (DPI)

Georges big problem: George Eastman, the founder of Eastman Kodak and a patriarch of American industry, had a big problem on his hands. People from all over the world were clamoring to use Kodak film. He was flattered and eager to meet the demand and expand his business. He soon found out that shipping film to Europe, Asia, and Latin America was a challenge. This was in the 1920s, well before the era of air travel and air freight. Film was shipped by boat, and it would take a few weeks for it to reach its destination. The heat and humidity on the boats provided ideal conditions for molds to grow. The base of film is gelatin, and molds love gelatin.

The precocious Brit that couldnt fit: Eastman asked his research laboratories to work on the problem. Among the Kodak scientists looking for a solution was Dr. Kenneth Hickman, a British physical chemist. Because Hickman was a precocious scientist with plenty of ideas spanning many fields, he didnt easily fit into any of Eastman Kodaks highly structured research departments. Since supervising him was not an easy task, he ended up heading a department created especially for him, the Department of Chemical Devices.

Hickman suggested packaging the film under vacuum to remove the moisture and prevent any further moisture from coming in. Vacuum conditions would also remove most of the airanother bonus for maintaining the quality of the film. The solution was simple and effective, but there was a catch. All the vacuum pumps of that time operated with mercury vapors. In addition, the manometers, the instruments for monitoring pressure, contained mercury. George Eastman considered this element as his nemesis because mercury-contaminated methanol, imported from England, had almost destroyed his business. Even traces of mercury can destroy the filmmercury interferes with silver halide, one of the most important components of film. After that episode, use of mercury was banned at Kodak Park with only very rare exceptions!

Hickman set out to find alternatives to mercury. He started using plasticizers, oils of low volatility. Those oils contained contaminants, and Hickman set out to remove them by using an even higher vacuum. A skilled glassblower, he was making special glass stills for producing more and more vacuum.



The big leapfrom film to vitamin A: A fateful event defined Hickmans future interest and direction. A professor at the University of Rochester wanted to purify a small extract of hormones. He approached Hickman, who did separate several fractions. One turned out to be high-purity progesterone (today it is used to make birth control pills). This event had a profound effect on Hickman. He foresaw great medical and nutritional opportunities for his technology. This was the era when vitamins A, B, C, D, and just a few years earlier, vitamin E had been discovered. Blindness from vitamin A deficiency was common in many countries; rickets from vitamin D deficiency was taking its heavy toll in northern regions of the world. Cod liver oil was used to provide vitamin D, but children had to be restrained and the oil forced down their throats because it smelled and tasted terrible.

Hickman passed cod liver oil through his still, and a fraction of it was very rich in vitamin D. He applied and received a patent for this process. Kodak had no interest in vitamins, so Hickmans grand plans for this technology could not go much further without major investment. His project appeared to have reached a dead end.

Fortunately, Hickmans patent was brought to the attention of James F. Bell, the president of General Mills, who wanted to get in the vitamin business. Hickman took his still to Minneapolis in February 1934, but many parts broke on the way. He fixed it again, ran cod liver oil through it, and collected fractions as they came out. One of the fractions was rich in vitamin A. Bell wanted to create a joint company with Eastman Kodakhis company did not have the expertise to run the equipment. After several years of collaborative work the jointly owned company was born in 1938 in Rochester, New York, and was named Distillation Products Industries Inc. Later Hickman improved his stills by combining centrifugation with vacuum. He designed larger, more efficient stills, and some of them are functioning to this day.



Another firstnatural vitamin E is extracted from a vegetable oil by-product: DPI first marketed vitamin A extracted from fish oils with great success. Its scientists looked for other products, and vitamin E seemed a good candidate. Vegetable oils contained tocopherol but not in quantities that would make it commercially practical. Hickman looked for richer sources. At that time Procter & Gamble was throwing away the by-product from refining cottonseed oil. This by-product, known as deodorizer distillate or sludge, contained four percent tocopherols, the majority as d-alpha-tocopherol. Vitamin E was produced from this raw material and marketed by DPI in 1940. Later soybean oil distillate became the raw material of choice because it contained more tocopherols. But soy is rich in gamma-tocopherol, while the demand was for alpha. DPI scientists developed a chemical methylation process for converting other tocopherols to alpha. DPI produced natural-source vitamin E until 1996.



Good profit and good science: DPI has been a center and catalyst for vitamin E research. Its scientists produced pure d-alpha-tocopherol and made it available to analytical laboratories. They also developed injectable forms of vitamin E and the water-soluble form TPGS, which is used to treat people who absorb vitamin E poorly. Vitamin E produced at DPI was used in many animal and human experiments, including some of the major clinical studies of the 1990s. In 1940, DPI took over a service started some years earlier by Merck. Skilled DPI researchers compiled and circulated to researchers the abstracts of all scientific reports on vitamin E. This service was the forerunner of the Vitamin E Research and Information Service (VERIS). After a hiatus (1967-1979) VERIS, supported by Henkel Corporation, has been providing this service to scientists and physicians since 1980. VERIS recently entered the cyber age (http://www.veris-online.org/).



1940-1970: THE SEARCH FOR THE BENEFITS OF VITAMIN E CONTINUES

There was more progress on the chemical front during this period as the role of tocopherols as antioxidants became better understood. Tocopherols were used commercially in foods to protect them from becoming rancid. The tocotrienols were isolated in the late 1950s, almost twenty-five years after vitamin E was first discovered. The possible health benefits of tocotrienols have received little attention until the last decade.

Progress was also made in identifying the diseases caused by deficiency of vitamin E. The potencies of the natural tocopherols and the synthetic alpha-tocopherol were determined with the fetal resorption rat bioassay. This assay measures the ability of each compound to support the birth of live pups in pregnant rats fed a diet deficient in vitamin E for half of their pregnancy.

This period, however, was mired in controversy when the Shute brothers in Canada claimed that vitamin E could be used to treat heart disease and other diseases. The mainstream medical community was not convinced, and a major controversy erupted.



THE TRAVAILS OF THE SHUTE BROTHERS

From prodigy child to a pariah in science: Evan V. Shute was not your average child. He entered high school at the age of nine and achieved the highest standing in Essex County in Ontario, Canada. At the tender age of fourteen he won a scholarship to the University of Toronto. He completed his bachelor degree at seventeen, and three years later he was awarded a medical degree.

Dr. Shute completed his internship and gained experience in several university hospitals in the United States and Canada before settling in London, Ontario, in Canada. He achieved prominence and respect very fast. In 1933, as a young physician, he was elected to the American Board of Obstetrics and Gynecology. Two years later he was named Fellow of the Royal College of Surgeons of Canada. He was a rising star in the mainstream medical community. But this rising star and his older brother Wilfrid, a cardiologist, became pariahs, ostracized and ridiculed by their colleagues. The reason? Their belief that vitamin E helps the heart was so strong that they defied with audacity the standard clinical evaluation process.



From miscarriage to heart disease: According to his book The Heart and Vitamin E Evan Shute first became interested in vitamin E in 1933. As a gynecologist, he used vitamin E to treat women whod had multiple miscarriages. Later, Dr. Shute saw a major improvement in a patient suffering from advanced purpura (bleeding into the skin). His interest in heart disease was ignited by his barber, who suffered from coronary thrombosis, and his mother, who suffered from angina, both serious forms of heart disease. He saw dramatic improvement in their conditions after treating them with vitamin E. After that he became fully absorbed in the study and use of vitamin E, and he devoted practically all of his time and energy to it. His brother joined him in his crusade to pronounce the benefits of vitamin E.



Making their colleagues mad: Evan Shute and his brother treated many more cases, mostly of heart disease but also burns and skin diseases, with what they described as amazing results. They published their first paper in Nature in 1946. It was very short, less than half a page. They also approached Time magazine, which carried the story. The response of the public was overwhelming! Cardiologists were besieged by patients demanding treatment with vitamin E.

Their bold statements of miracle cures did not sit well with their colleagues. The concept that a vitamin could treat serious heart disease was foreign to the scientific knowledge of the day (and even today). When asked to prove their claims in controlled clinical studies, they refused. They were convinced of the benefits and felt that it would be unconscionable to withhold vitamin E from the control group, who would have had to take a placebo. In addition, the cost and logistics of such studies exceeded the capabilities of the time.



The taste of rejection: The reaction from the mainstream medical community was swift and harsh. They got their first taste of it when they tried to publish their results. Eventually none of the medical journals would publish their research. They were also rebuffed by the National Research Council of Canada when they tried to deposit their work there for future generations. Critics blasted them in articles published in JAMA, the official journal of the American Medical Association. They were called totally wrong, blackguards, and fools. The debate became increasingly nastymany questioned their research and their motives. They were isolated and ridiculed. Even some of their friends abandoned them. Unable to do research and treat patients in mainstream hospitals, they established in 1954 the Shute Research Foundation for Medical Research in London, Ontario, Canada. They continued their work until the late 1960s and published several books and research updates.



Marching to a distant drum? In retrospect, the Shute brothers may have been ahead of their time. Today, the link between vitamin E and heart disease appears very strong. Yet we still do not know the full role of vitamin E with heart disease; especially if it can be used to treat the disease at the advanced stages, as the Shutes suggested. Still they would have felt great pride if they could have seen the large number of clinical studies, funded by NIH, on this very subject. One of these, the HOPE study, is a major international study conducted by McMasters University in Canada and funded in large part by the National Medical Council of Canada.

The Shutes have also been trailblazers in other uses of vitamin E, such as treating skin burns and irritations. I know from personal experience that vitamin E is very helpful for treating these conditions.



Postscript: Evan Shute felt rejected and became bitter and disillusioned. He died in 1978 after a prolonged battle with Alzheimers disease. Six years later, his son James published the book The Vitamin E Story by Evan Shute. Evan Shute described the book as the story of my life! The foreword was written by none other than Dr. Linus Pauling, Nobel laureate and controversial champion of vitamin C. They must have felt like soul mates, at the receiving end of what Pauling described as the shocking bias of organized medicine against nutritional measures for achieving improved health.

Evan Shute may still get his due recognition, decades after his death. He has emerged as a possible candidate for a Columbus Award. Columbus was laughed at for claiming that the Earth was round.



Progress in the shadow of controversy: Despite the raging controversy over the Shute brothers, good progress was made during this period. Scientists discovered that vitamin E would help prevent and treat anemia, a common problem in children. This discovery was the result of abundant work on the role of vitamin E in harnessing free radicals generated by hydrogen peroxide and from oxidation of lipids.

Also Dr. Max K. Horwitt established that vitamin E was a required nutrient for humans. Dr. Horwitt was doing research on human nutrition at the Elgin Hospital for mental patients in Elgin, Illinois, in the 1950s. He studied various nutrients, including vitamin E. He was the first researcher to feed vitamin E-deficient diets to humans as a way to demonstrate the requirement for vitamin E. From a skeptic, Dr. Horwitt became a vocal champion of vitamin E during a period when vitamin E research was not very popular. He remained a strong supporter of vitamin E. Now in his nineties, he is fortunate to have lived long enough to see vitamin E research reach the top of respectability.



THE INCREASING NUMBERS OF VITAMIN E LOYALS

A technological breakthrough: The little gelatin capsules that most of us swallow today when we take some medicines or vitamins were first made in the early 1950s by the company RPScherer. The gelatin capsule has been a boon for vitamin E (and many other products). It makes taking this thick, viscous liquid a charmthere is no aftertaste, no hassle to measure a small amount, and no mess. The vitamin E aficionados loved it, and their numbers kept growing.



The first vitamin E chat group: In the 1960s the editors of Prevention magazine hit a very sensitive nerve with their readers. It started with a few letters to the editor sharing positive experiences with vitamin E. The response from other readers was overwhelming! It soon developed into the equivalent of one of todays Internet chat groups. Prevention magazine, sensing high reader interest, gave high visibility to this group. The experiences were anecdotal, without any proof from clinical trials. Yet this chat group helped increase the sales of vitamin E and, of course, the circulation of Prevention magazine.



1970-1990: LAYING THE FOUNDATION, BRICK BY BRICK

The raging controversy ignited by the Shutes scared many mainstream scientists away. And vitamin E s fortunes from the 1940s to early 1990s rose or sank along with the newest rumor of a benefit (or lack thereof). As a fertility vitamin, it was confusedly thought to be a sex vitamin, the shady lady of vitamins. Later it became the skin beauty vitamin, pollution-fighting vitamin, cancer-fighting vitaminWithout credible research, those claims became the fad of the day only to be discredited and ridiculedeven though some of these claims were scientifically proven later.

Behind the public controversy, a small number of scientists tried to understand the basics of the vitamin E functionhow it is absorbed, transported, taken up by the tissues, and metabolized. They also tried to determine how it functions in our tissues. They progressed slowly but methodically, away from the glare of publicity. That was easyvitamin research was not sexy. For some scientists it was a blessing that only a few of their understanding peers knew what they were researching.

Some milestones of this period:


	The function of tocopherols as antioxidants in foods and the body was solidified by the research of Drs. Keith Ingold and Graham Burton at the National Research Council of Canada; Dr. Etsuo Niki and his group at the University of Tokyo; Dr. Barry Halliwell and his group at Kings College, Univeristy of London; Dr. Lester Packer and his group at the University of California at Berkeley. Drs. Burton and Ingold synthesized tocopherols tagged with deuterium. Deuterium is a stable, nonradioactive isotope present in water. Deuterated tocopherols can be consumed by humans without any safety concern, and as such they have been a great bonus for researchers.

	The absorption, transport, and uptake of vitamin E by the various tissues has been worked out by Drs. Herbert Kayden and Maret Traber of the New York University Medical Center in collaboration with Burton and Ingold. The same researchers studied the relative bioavailability of natural and synthetic alpha-tocopherol in humans. Contributing to this work were the groups of Drs. Kevin Cheeseman and Frank Kelly in Great Britain. In a related development three different groups in the United States, Canada, and Japan isolated a tocopherol transfer protein in the liver of animals and recently in humans too. Dr. Ronald Sokol at the University of Colorado in collaboration with Drs. Kayden and Traber studied diseases that cause malabsorption of vitamin E, such as cholestasis.

	A major breakthrough in understanding the link of vitamin E and heart disease was achieved on both sides of the Atlantic. In Austria, Dr. Herman Esterbauer and his group, and at the University of California in San Diego Drs. Daniel Steinberg and Dr. Sambath Parthasarathy developed the oxidized bad cholesterol (LDL) hypothesis. They proposed that damage of the arteries by oxidized LDL is the first step in atherosclerosis.

	Drs. Jeffrey Blumberg and Simin Meydani at the USDA Human Nutrition Research Center on Aging at Tufts University demonstrated the role of vitamin E in the immune system of the elderly as well as the role of vitamin E in exercise. In the same center Dr. Allen Taylor and his associates studied the role of vitamin E for prevention of cataracts and other eye diseases.

	Several laboratories, including the National Cancer Institute, the laboratory of Dr. Kedar N. Prasad in Colorado, and Dr. Bruce Ames at Berkeley studied the role of vitamin E in cancer.

	The laboratory of Dr. Angelo Azzi in Switzerland identified functions of tocopherols and tocotrienols not related to their role as antioxidants.





THE PROFIT MOTIVE AND VITAMIN E RESEARCH

The controversy surrounding vitamin E from the 1940s to the 1980s scared many researchers away. Funding from government agencies also dwindled to a trickle.

But industry picked up the slack. The animal feed market for vitamin E was doing well. Seeing a great potential in the human market, the producers plowed some of the profits to support vitamin E research both in their own laboratories as well as at universities and elsewhere.

Hoffman-La Roche has been providing significant research support. Producers of natural vitamin E also supported research individually and later through their trade association, the Natural Source Vitamin E Association (NSVEA).

Industrys support carried the research in difficult times. The results thereby produced have been the catalyst for the flurry of clinical studies of the last decade.





THE LAST DECADETHE COMING OF AGE OF VITAMIN E

An avalanche of headline-making reports of clinical studies marked the 1990s.

Setting the tone for the decade were two large epidemiological studies, the Nurses Health Study and the Health Professionals Follow-up Study. They are better known as the Nurses and Physicians studies. These studies showed a strong association between taking high levels of vitamin E and having reduced chance of heart disease. Published in the New England Journal of Medicine, they made international headlines and did wonders for the respectability of vitamin research.


Vitamin E greatly reduces risk of heart disease, studies suggest.

Lead story, front page, New York Times, May 20, 1993

Lots of vitamin E reduce heart attacks.

USA Today, May 20,1993



A slew of other headline-making studies followed and covered a wide variety of diseases and conditions. Some examples:


	Heart disease. The British intervention study CHAOS was published in the prestigious British medical journal Lancet in 1994, and the Iowa Womens Health Study was published in the New England Journal of Medicine in 1997.

	Alzheimers disease. A clinical intervention study showing that vitamin E delayed the onset of Alzheimers disease was published in the New England Journal of Medicine in 1997.

	Immunity and aging. A study published in JAMA in 1997 showed that vitamin E bolstered the resistance of the elderly to infection.

	Cancer. A report published in the Journal of the National Cancer Institute indicated that vitamin E reduced prostate cancer in male smokers.




Selenium, Vitamin E and Prostate CancerReady for Prime Time?

Philip R. Taylor, Demetrius Albanes, National Cancer Institute, Journal of the National Cancer Institute, August 19,1998




	Cataracts. A study published in Ophthalmology in 1998 showed an association between vitamin E and reduced risk of cataracts.



This decade is also marked by two other major events:


	Several major intervention trials on heart disease and cancer have started. They are funded by the National Institutes of Health and other mainstream agencies. We will discuss these studies in chapters 11 and 12.

	The other members of the vitamin E family, especially gamma-tocopherol and tocotrienols, are receiving the attention of researchers.



The public is now very interested in vitamin E, and the national media provide a steady stream of stories. A small sample:


	The rags to riches story of ELos Angeles Times, June 16,1993



	Mighty Vitamin ECover story, Life section, USA Today, May 12,1997



	Vitamin EABC World News Tonight with Peter Jennings



	Why you need vitamin EReaders Digest, August 1998



Rags to riches storyCinderella storythats how vitamin E has been described. Will it continue? Only time will tell. What will the future bring? For one persons crystal ball (mine), see chapter 27.


When your mother told you to take your vitamins, perhaps she should have been more specific, as in Dont forget to take your vitamin E.

CNN News from Medicine, May 2,1996



Who makes vitamin E today? DPI was the first company to produce and market natural-source vitamin E in 1940. Eastman Kodak bought out the General Mills interest in DPI in 1949. In 1968 DPI became part of the Chemical Division of Eastman Kodak, which was spun off in 1993 as Eastman Chemical Company.

General Mills produced mixed tocopherols in a plant owned by a company it acquired, Colette Week. In 1977 General Mills sold its vitamin E business to Henkel Corporation, which to this day continues to be a major manufacturer of natural-source vitamin E.

Eisai, a Japanese company, has been marketing natural-source vitamin E produced by Tama Biochemical. Riken, another Japanese company, has been producing natural-source vitamin E. Eastman stopped producing the traditional forms of natural-source vitamin E at DPI in 1996 but used the facility to extract tocopherols and tocotrienols from rice bran oil.

The increasing demand for vitamin E, especially the natural source form, caused a shortage in the 1990s. This attracted the interest of the major oil processors, which produce the raw material, the deodorizer distillate. In 1996 Archer Daniels Midland (ADM) started producing natural vitamin E at a new plant in Decatur, Illinois. And starting in 1999 Cargill, in collaboration with Hoffmann-La Roche (Switzerland), is expected to be producing natural-source vitamin E in a new plant in Edeville, Iowa.

Synthetic vitamin E was commercialized at about the same time as the natural-source vitamin E by Hoffmann-La Roche. This company continues to be the larger producer of synthetic vitamin E. Other major producers of synthetic vitamin E, which entered the market later, are BASF (Germany), Rhone Poulenc (France), and Eisai (Japan).

Total vitamin E production exceeds fifteen thousand tons per year. The natural source, fast approaching three thousand tons, is used almost exclusively in humans. The majority of the synthetic is used to fortify animal feeds, but a large volume is used in nutritional supplements, food fortification, and in cosmetics.





Chapter 2
GETTING TO KNOW THE VITAMIN E FAMILY

Eight compounds make up the vitamin E family



We thought only one was important



We were wrong



Only the full vitamin E team assures full benefit

Please, bear with me in this chapter.

It will be full of scientific names that may sound Greek to youthey actually are Greek. It also has technical jargon that you may despise. But it is absolutely necessary to get to know the vitamin E family, because using the right form of vitamin E is critical for getting its full benefit. And finding the right form requires this knowledge and some effort. The rewards are very much worth it.

I will try to keep it short and simple, and I will use as little technical jargon as possible.



EIGHT IS ENOUGH!

Some vitamins consist of a single compound. Other vitamins consist of more than one compound, but the body converts these to a single form. For example our body converts beta-carotene to vitamin A.

Not so for vitamin E.

Eight different compounds, four tocopherols and four tocotrienols, make up the vitamin E family. Our food contains all eight compounds. But most vitamin E supplements contain only alpha-tocopherol.



HELLO, MY NAME IS

Lets start with the tocopherols. Their first names are the first four letters of the Greek alphabet:


alpha-tocopherol

beta-tocopherol

gamma-tocopherol

delta-tocopherol



Tocotrienols also have the same Greek first names.



alpha-tocotrienol

beta-tocotrienol

gamma-tocotrienol

delta-tocotrienol





FOR CHEMISTRY BUFFS ONLY

So similar yet so different: The members of the vitamin E family look like tadpoles with a big head and a long tail (as shown in figures 1 and 2).

All eight members share important traits:


	The head, or chroman ring in the technical jargon

	The tail, which is called the phytyl tail for tocopherols

	The active group on the head of the molecule, which is called the hydroxy group




[image: ]

Figure 1. The tocopherol molecule



The molecule of the tocopherol looks like a tadpole with a head and a tail. What makes alpha, beta, gamma, and delta different is whether the three dark balls are all filled with methyl groups, If you are a real chemistry buff and want more details go to appendix A.


[image: ]

Figure 2. The tocotrienol molecule



The difference between tocotrienols and tocopherols is on the tail. They have three double bonds.



Alpha, beta, gamma, delta. The difference is in the head: The head, or chroman ring, has chemical groups attached. These groups are called methyl groups. Alpha has all three available sites filled. Beta and gamma have two methyl groups but in different places. Delta has only one.



All the tocotrienols have heads that are identical to their corresponding tocopherols. So where is the difference?



Tocopherols versus tocotrienols. The difference is on their tails: The tocotrienol tail has three double bonds. The tocopherol tail has none. In the chemical parlance, bonds are the forces that keep atoms together. A single bond means the atoms share two electrons, a double bond means they share four electrons.



Are the differences between the eight members of the vitamin E family a big deal? Yes, they are a really big deal. The eight members of the vitamin E family have some functions that are similar and other functions that are completely different. Also where they go in our body varies, especially for alpha-tocopherol versus the others. This is because our body has a mechanism that can distinguish alpha-tocopherol from the others. But the team works better than the alpha-tocopherol alone.



HOW ALPHA-TOCOPHEROL SEIZED THE FAMILY NAME

Mention vitamin E and many people in the food and nutrition business will think alpha-tocopherol. Even most scientists will make the same connection. It is only recently that scientists have been reminded that there is more to vitamin E, seven more members that have long been ignored. Why the delayed attention? Strong research evidence indicates that the long-ignored members are not the black sheep of the vitamin E family. They have important functions, some of which are different from those of alpha-tocopherol.



Why did alpha-tocopherol become synonymous with vitamin E?

For two main reasons:


	It is the most abundant of the eight in our (and also in animal) bodies.

	It is by far the most effective of the eight for what we thought was its main functionto support reproduction. It was measured with the classical vitamin E assay.



THE CLASSICAL VITAMIN E ASSAY

When vitamins were being discovered, scientists needed fast and accurate assays (methods to measure potency) for each vitamin. They used these assays to find which compounds had activity and which ones were the most potent. To do this they usually found a condition caused by the lack of the vitamin. Then they measured the ability of test compounds to correct the problem.



Vitamin E presented a special problem: Animals and humans can go for a very long time without vitamin E in their diets and have no visible problems. But once the symptoms appear they are difficult to correct. One condition that was reversible was the one that had led to the discovery of vitamin E. Vitamin E-deficient pregnant rats would give birth to live pups if the deficiency was corrected. This assay became known as the classic vitamin E assay. Scientists call it the rat fetal resorption assay. Here is how it works.

Female rats are raised on diets that do not contain any vitamin E, so they become deficient. They are then mated with normal males. The pregnant rats continue on the vitamin E-deficient diet for the first half of their pregnancy. If they continue on the deficient diet, the embryos will die and be resorbed (dissolved and absorbed by the body). If vitamin E is added to the diet of the pregnant mother the embryos can survive.

Scientists used this technique to evaluate the potency of the members of the vitamin E family. Starting in a rats midpregnancy they added each compound to the diet of the pregnant rat and then counted the live pups born. More pups means higher potency.

Alpha-tocopherol topped the list on the basis of this assay. Beta-tocopherol was half as potent. The potency of gamma-tocopherol was ten percent, and the potency of alpha-tocotrienol was thirty percent that of the alpha-tocopherol. The potency of the other members of the family was too low to be a factor.



The international unit (IV) of vitamin E activity came from this assay: Because this assay takes a long time and considerable effort, scientists didnt use it often. They tried to develop other, easier ones. One measures the ability of each compound to prevent hemolysis, the breakdown of red blood cells, and myopathy, damage of the muscle. Unfortunately, these assays are as tedious as the rat assay and inaccurate.



CLAIMING THE FAMILY NAME BACKDISCOVERING THE BENEFITS OF THE OVERLOOKED MEMBERS



QUICK: NITROGLYCERINE, NOBEL PRIZE, VIAGRA, THE MUPPETS, AND GAMMA-TOCOPHEROL. WHAT DO THEY HAVE IN COMMON?

Tip: This is not a trick question. There is a very strong common link.


It is ironical that I am now ordered by my physician to eat nitroglycerin.

Alfred Nobel, Swedish industrialist, inventor of dynamite, and creator of the Nobel Prize



Nitroglycerinan explosive, yet good for the heart: Alfred Nobel made a huge fortune from nitroglycerin. He invented dynamite by absorbing the explosion-prone nitroglycerin in kieselguhr, a porous soil rich in the shells of diatoms. Late in his life, when Nobel was taken ill with severe chest pains from a heart attack, his doctor prescribed nitroglycerin. Nobel refused to take it, knowing that it caused headache and ruling out that it could eliminate chest pain.

It has been known since the last century that nitroglycerin reduces the extreme angina pain from coronary heart attack. Workers at Nobels factories rarely had heart attacks. But why this was the case remained a mystery. In 1977, a hundred years later, Dr. Ferid Murad found that nitroglycerin and other compounds that relax and dilate our arteries release nitric oxide (NO). Still researchers did not think much of the role of NO.

After all NO (not to be confused with nitrous oxide, the laughing gas) is a simple odorless gas and common air pollutant. NO is formed when nitrogen burns, for instance in automobile exhaust fumes. NO was known to be produced in bacteria, but this simple molecule was not expected to be important in higher animals and humans.



The watershed discovery: The discovery of Drs. Robert Furchgott and Louis Ignarro in 1986, that NO transmits signals, caused a major sensation. After all, it is totally different from any other known signal molecule and very unstable. It is converted to nitrate and nitrite within ten seconds.

We know today that NO acts as a signal molecule for cells as a weapon against infections and tumor cells, as a regulator of blood pressure, and as a gatekeeper of blood flow to different organs. NO is present in most living creatures and made by many different types of cells, including nerve and brain cells. The health implications of this simple gas are phenomenal.


	Heart: In atherosclerosis, the endothelium lining the arteries loses most of its capacity to produce NO, which dilates the artery.



	Shock: Bacterial infections can cause septic shock, a life-threatening condition. White blood cells react to the bacterial infection by releasing enormous amounts of NO, which dilate the blood vessels. The blood pressure drops and the patient goes into shock. You may remember that septic shock killed Jim Henson, the legendary creator of the Muppets.



	Lungs: In intensive care patients inhalation of NO gas saves lives. For instance, NO has been used to reduce dangerously high blood pressure in the lungs of infants.



	Cancer: White blood cells use NO not only to kill infectious agents such as bacteria, fungi, and parasites but also to defend the host against tumors.



	NO tells blood vessels to relax and widen, an effect that helps control blood pressure. It can help trigger erection of the penis the same way, because the relaxation lets blood flow in. The wildly popular Viagra is designed to increase NO s effect.



NO is so unstable that it is converted to nitrate and nitrite within ten seconds. Both can have harmful effects in our body by producing nitrogen radicals. Gamma-tocopherol reduces the potential damage better than does alpha-tocopherol. The unique ability of gamma-tocopherol to either reduce nitrogen dioxide back to NO or react with it to form a harmless compound sets it apart from the alpha-tocopherol. Very preliminary data, not published yet, hint that gamma-tocotrienol may have a similar effect.



Putting the whole story together: You guessed it; the link that connects all of the disparate things mentioned above is NO.

Alfred Nobel created in his will the Nobel















	Scientists are finding that tocotrienols slow down the activity of a liver enzyme that plays a key role in the synthesis of cholesterol. Tocopherols have no such effect!

	A clinical study in humans indicates that a mixture of tocopherols and tocotrienols not only slowed down narrowing of carotid arteries but in forty percent of the patients appeared to reverse the condition.





	Gamma-tocopherol, not alpha, is the effective form for fighting nitrogen radicals. These radicals are major culprits in arthritis, multiple sclerosis (MS), and diseases of the brain such as Alzheimers.

	A metabolic product of gamma-tocopherol, code-named LLU-alpha, appeared to be a natriuretic factor. (I understand the secret code LLU is for Loma Linda Universitythe site of this research.) This factor, probably as part of a system, may affect how much fluid and how many electrolytes pass through the kidneys to the urine. As such, it could play a major role in blood pressure, congestive heart failure, and cirrhosis of the liver. The corresponding metabolite of alpha-tocopherol was not active.










INTERNATIONAL UNIT (IU)WHAT IT DOES NOT TELL YOU





	The product has tocopherols other than alpha-tocopherol or tocotrienols.

	The alpha-tocopherol is natural or synthetic.

	The alpha-tocopherol is esterified.



















	Vitamin E is a family of eight compounds, and they work best as a team.

	We thought in the past that only one, alpha-tocopherol, was important for nutrition and health. We know now that we were wrong. The other ones have important roles too.

	Yet the great majority of vitamin E supplements contain only alpha-tocopherol. And only alpha-tocopherol is used to fortify foods.

	We can enjoy the full benefit of vitamin E if we use the whole vitamin E team.
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