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More praise for Joseph Maroon, M.D., and The Longevity Factor

“If you are ready to start living and to stop dying, The Longevity Factor is for you. Dr. Joseph Maroon has applied the same intelligence and diligence that propelled him to the top of the neurosurgical specialty into writing this book. Leaving no stone unturned, he has created a guidebook for longevity that is both audacious and achievable.”

—Sanjay Gupta, M.D., neurosurgeon and chief medical correspondent, CNN

“A clear and practical book about how we can all begin to use the new science of gene activation for longevity. Read this book and join the adventures of new possibilities.”

—David Servan-Schreiber, M.D., Ph.D.; New York Times bestselling author of Anticancer: A New Way of Life

“Dr. Maroon’s book offers history, research, pros, and cons of resveratrol and an evaluation of available products.”

—Pittsburgh Post-Gazette

“Joseph Maroon, my neurosurgeon, offers an extraordinary opportunity to understand that our future health and longevity truly rests in the most readily available of natural substances. The Longevity Factor challenges the current paradigm of aging and is a must-read for all of us who want to live longer, healthier, stronger, and happier lives.”

—Greg Norman

“Dr. Maroon provides compelling new insights into the potential to prevent or at least delay the outset of disease typically associated with aging. This is an important read for everyone interested in living a long, healthy life.”

—Wayne Gattinella, president and CEO, WebMD Health

“How can you protect yourself against cancer and heart and Alzheimer’s disease, increase your endurance, and obtain a balanced life? Read this book. The Longevity Factor is the best and clearest summary of the anti-aging and disease prevention properties of resveratrol and red wine yet.”

—Robert M. Goldman, M.D., Ph.D., D.O., FAASP; chairman, World Academy of Anti-Aging Medicine
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Neither the publisher nor the author is engaged in rendering professional advice or services to the individual reader. The ideas, procedures, and suggestions contained in this book are not intended as a substitute for consulting with your physician. All matters regarding your health require medical supervision. Neither the author nor the publisher shall be liable or responsible for any loss or damage allegedly arising from any information or suggestion in this book.
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Foreword

For millennia, human beings have sought to enjoy longer, healthier lives. In some respects we have been quite successful; in the past two centuries, modern medicine succeeded in doubling the average life span—at least for those of us who live in industrialized nations. However, even the luckiest of us cannot expect to live much beyond 100 years, a limit that has changed very little throughout recorded history. The failure of any human, by chance or through various antiaging schemes, to exceed the 122-year record set by Frenchwoman Jeanne Calment on her death in 1997 has led many to conclude that nature has already reached the outer limit of the human life span. Cell biology, however, indicates something quite different. Many biologists are coming to believe that human beings have not been optimized for long life at all, and the true potential of the human form to endure when damage is prevented or repaired is unknown. In other words, our potential for longevity may be largely untapped.

Recognizing the potential for longer life and bringing it about, however, are two very different things. The quest for longevity has been full of surprises. For instance, aging is such a vastly complex biological process that the idea that it could be altered by something as simple as calorie reduction once seemed laughable. The notion gained traction, however, as its evolutionary benefits became clear, and then became widely accepted with the now seventy-five-year-old observation that rodents fed approximately 60 percent of the calories they desired outlived their healthy, well-fed counterparts by more than 50 percent in some cases.

The effort to identify and understand the genes controlling longevity, and to harness their power to improve the quality of human life, is a tremendously exciting and active area of scientific research. In this book Joe Maroon takes readers on a fascinating journey through some of the most recent and startling developments in this field. Chief among these is the emergence of a theory that genes capable of extending longevity may be kicked into action by specific plant-derived molecules in the human diet. Termed the “xenohormesis hypothesis,” this theory may offer us a straightforward and safe way to activate and enhance our own evolutionary defenses against the ravages of age.

As a medical expert and skilled writer, Dr. Maroon possesses a unique ability to transport us seamlessly from the depths of molecular biology to the triumphs and limitations of modern medicine, and to make the latest findings and predictions accessible to the lay reader. Interweaving the stories of scientists and entrepreneurs with his own clinical experiences, Dr. Maroon has created a manuscript that is by turns informative, compelling, deeply personal, and, ultimately, inspiring.

Joseph A. Baur, PhD

Paul F. Glenn Laboratories for the

Biological Mechanisms of Aging, Harvard University



Introduction

In November 2006 headlines around the world blared the news of a series of scientific breakthroughs reported by such authoritative sources as Harvard Medical School, the National Institute on Aging (NIA)—part of the National Institutes of Health—and the Institute of Genetics and Molecular and Cellular Biology (IGBMC) in France. Could it really be possible that natural substances found in red wine could extend life, avert cancer and heart disease, help people maintain or even lose weight despite a high-fat diet, and create the muscles of a champion athlete without training? All these extraordinary effects were being observed in laboratory animals, offering reason to believe the same would hold true for humans. A new fountain of youth? Scientists at Harvard Medical School saw this as a distinct possibility.

Although I am a senior neurosurgeon and have published many papers and books in my own scientific field, I was totally unaware of this longevity research until a year before it became big news. In October 2005, while attending a neurosurgical meeting in Boston, I sat in on a lecture by Dr. David Sinclair, a brilliant evolutionary biologist, molecular geneticist, and director of the Paul F. Glenn Laboratories for the Biological Mechanisms of Aging at Harvard Medical School. At international medical meetings like this one, guest lecturers from other disciplines are frequently invited to share their work with the hope that cross-disciplinary work might emerge. I never could have guessed just how much this one lecture would completely change every aspect of my life.

A boyish, soft-spoken thirty-six-year-old former windsurfer from

Australia, Dr. Sinclair had chosen to address our group on the topic of “How to Activate Longevity Genes to Increase Strength, Endurance, and Prevent Neurodegenerative Diseases (like Alzheimer’s).” His lecture described his research leading to the 2002 discovery of natural substances in red wine grapes and other plants that have the power to increase life span, fight disease, and change fat mice into rodent versions of Lance Armstrong. In Sinclair’s lab at Harvard, mice on a high-fat, high-calorie diet were given resveratrol, a substance found in red wine grape skins. Sinclair discovered that resveratrol molecules from a plant source could activate certain animal-cell genetic pathways, owing to their small size and specialized shape, and once inside could produce amazing benefits. These included:

• Increased memory, as tested in mazes

• Reduced fat cells—despite a high-calorie diet

• Boosted energy and endurance in muscle cells

• Enhanced muscle strength and decreased fatigue

• Improved coordination and mobility

• Transformation of ordinary muscle fibers into the “slow” type found in well-trained athletes

But most remarkably, this class of molecule, which I will later refer to as a xeno factor, was also found to reduce the incidence of certain cancers, vascular disease, and brain degeneration, and prolonged the lives of treated mice by 25 percent.

These astounding observations showed that natural compounds from food could have a preventive effect on the most pressing health problems in the world and also significantly prolong life. Was it also possible that obesity, diabetes, heart attacks, cancer, degenerative disease of the brain, and other human debilitating diseases and conditions could also be markedly reduced using this natural food product effective in mice? And could human life also be extended simply by what we choose to eat? Sitting in the audience at David Sinclair’s lecture, I was stunned. What did this mean? How might this change not just our own lives, but also the society we live in—and perhaps the entire world?

One year after this lecture, David Sinclair and his colleague Joseph Baur published their findings in Nature, one of the most prestigious scientific journals. (This was the paper that led to the international headlines I mentioned earlier.) Sinclair and Baur’s work, along with that of many other scientists around the world, has provided the basis for a revolutionary new scientific approach to aging and its related diseases.

The groundwork for these revolutionary discoveries dates back to the 1930s, when scientists at Cornell University discovered that rodents placed on a near-starvation diet (60 percent of normal caloric intake) lived up to 50 percent longer, maintained youthful activity levels and appearance, and showed delays in age-related diseases. Later confirmed in other species, calorie restriction became the only known way to increase longevity. For the next sixty years, scientists tried to understand why. Just what happens on a molecular and biological level with caloric restriction to enhance longevity and health?

Finally, in the late 1980s to mid-1990s, researchers at the University of California’s Irvine and San Francisco campuses and at the Massachusetts Institute of Technology (MIT) made a series of breakthroughs. They found specific sets of genes in laboratory animals that kept cells from wearing out, from being overwhelmed by free radicals, or from just “cashing in” after the reproductive phase. For the first time, it became clear that a single gene could alter the rate of aging, and that such a gene could be activated by caloric restriction or other stresses. These same genes exist in human beings and have become known as “survival” or “scarcity” genes.

Unfortunately, this near-starvation diet—despite its dramatic benefits—is intolerable for most people. I tried it for a month and decided the extra years weren’t worth it! This makes even more exciting the recent discovery that substances like the small molecules found in red wine grape skins can activate these survival genes—without caloric restriction.

The secret of these natural compounds may actually be traced back to the grassy plains of Africa three or four million years ago. This was the time when we swung down from our tree habitats, walked upright as bipeds, began using tools, and gradually evolved into present-day Homo sapiens. When our ancestors were exposed to severe stress from environmental and climatic changes on the savanna, specific human genes would be activated that controlled carbohydrate, protein, and fat metabolism in order to improve their chances of survival. In times of plenty, our bodies typically burn food carbohydrates for energy and store food energy in the form of fat; during food shortages, these special genes mobilize this stored fat to survive. Exactly how external stresses like lack of food are communicated to our genes has been the subject of intense debate for decades. Now Drs. Sinclair and Baur and their associates at Harvard, Dr. Leonard Guarente and his associates at MIT, and other top scientists appear to have discovered a link.

Coexisting with our ancestors on the African savanna were plants that recognized and responded to environmental stresses such as drought, infection, pests, and harsh sun—just as humans did. To survive, these stressed plants activated their own survival genes, producing natural molecules to increase their own cellular defenses and repair mechanisms. For both primates and plants, Nietzsche’s dictum “That which does not destroy me strengthens me” was playing out at the genetic level.

The remarkable development that Sinclair, Baur, and other scientists observed was the relationship between certain plant-produced molecules and the animals that eat them. We now have evidence that animals and humans can actually activate their own survival genes by ingesting specific molecules from plants that have been under stress. The plant molecules that they found in red wine grape skins (resveratrol) are produced by stress. In red grapes, and also certain other plants, these molecules are produced for the unique task of fighting off fungal infections and other invaders that might otherwise kill the plant. Laboratory mice that consumed these plant molecules also benefited from this same stress response. In other words, when ingested, plants “communicate” with animals and people, using the language of molecular genetics and activating the so-called survival genes. Although it may not be fully intentional, animals over millennia have learned to take advantage of this plant-based warning system.

The amazing task of mapping the system of human genes, which was completed by the Human Genome Project in 2001, has allowed scientists to study this plant-animal communication on an unprecedented level. The result is a new scientific field called nutrigenomics, which seeks to explain how nutritional substances, from blueberries to French fries, activate our genes for better and for worse.

This revolutionary branch of biology explains how substances from other species (xeno)—in this case, plants that have triggered their own protective response due to environmental stress (hormesis)—“talk” to people, stimulating human genes to set in motion similar cellular activities to promote survival. Xenohormesis holds the incredibly exciting promise of increasing mankind’s longevity and reducing the effects of major killers like cancer, heart disease, and stroke—while keeping us thin! “That’s why I don’t think there is anything more important than this quest,” Sinclair said. “That’s why I take chances, and why the controversy is worth it: because I think we are right.” Recently, as new research confirmed his hopes, he added, “We’ve found a gatekeeper of cell survival and potentially of the aging process itself.”

One week after attending Dr. Sinclair’s lecture, I traveled to Boston to visit him and Dr. Baur in their laboratory. Sinclair graciously showed me his lab while we discussed his plans for turbocharging his longevity molecules with techniques discovered by a fellow Australian, Peter Voigt. An engineer who specializes in extraction technology, Voigt lives in the center of the wine-growing Mornington Peninsula, south of Melbourne. After a number of tries, he found an ingenious way to superconcentrate stressed grape skin molecules, thereby amplifying their potential benefits for disease prevention and increased longevity.

David Sinclair and I discussed the possibility of creating specific human studies using Peter Voigt’s “Australian extract,” to see if humans would react to xenohormetic compounds, or xeno factors, the way animals did: with increased strength, endurance, memory, and coordination, and body weight stabilization. Indeed, the first study completed in 2007 was successful. It confirmed improvement in memory and endurance in humans similar to that observed in laboratory animals.

In this book I will recount the remarkable story of the brilliant scientists who discovered the human survival genes and cracked the longevity code—how these genes are activated and produce their powerful effect on weight, memory, hormones, and various organ systems. In addition, I will describe how Harvard scientists used sophisticated molecular gene tests to discover a total of nineteen xeno factors, which literally turn on longevity genes in animals.

I will also describe many of the research studies currently under way around the world that are exploring the use of these natural compounds for the prevention and treatment of diabetes, cancer, and heart disease in people. Since these molecules also act as anti-inflammatory agents, they have exciting potential value in treating diseases of inflammation like Alzheimer’s, Parkinson’s, and Huntington’s diseases. Finally, I will discuss how all this affects you, the reader, as we consider what you can take by way of foods and supplements to optimize the remarkable potential for longevity and health discovered in resveratrol and other xeno factors. My discussion will include safety and quality control, as well as specific dosages. I also will include a unique formula for balancing your life as well as your diet.

It is ironic that humankind has been searching for and developing exotic ways to enhance longevity for millennia, when the longevity factor may literally have been under our noses all the time and activated in the very same plants with which we have coexisted and coevolved for millions of years. This is one of the most absorbing stories in contemporary biology and the latest chapter in that search, and in the exciting emerging research that may significantly contribute to a longer, stronger, and healthier human life span.



Part I




Discovery, Xenohormesis, and Xeno Factors




Chapter 1

The Origins of Life

In the beginning God created the heaven and the earth. And the earth was without form, and void…. And God said, Let the waters bring forth abundantly the moving creature that hath life… and every living creature that moveth…: and God saw that it was good.

—GENESIS, CHAPTER 1

On the last day of February 1953, students and faculty members from the Cavendish Laboratory at England’s University of Cambridge were having lunch at the Eagle pub, drinking Green King beer and enjoying the bar, with its graffiti from World War II airmen. At the top of the lunch hour, Francis Crick, a thirty-seven-year-old physicist turned biologist who had not yet earned his PhD, bounded in and loudly announced to his colleague, the zoologist turned geneticist James Watson, “We have found the secret of life!” Indeed they had. That morning, the two young scientists had deciphered the structure of deoxyribonucleic acid (DNA)—two strands of sugar connected by paired molecules called bases—an accomplishment for which they would later win the Nobel Prize.

That structure, a “double helix” that can “unzip” to make copies of itself, was the finding that confirmed that DNA carried the hereditary code of life. Crick and Watson immediately published their findings in the scientific journal Nature, and capped a rather academic, dry account of DNA’s structure with one of the most famous understatements in the history of science: “It has not escaped our notice that the specific pairings we have postulated immediately suggest a possible copying mechanism for genetic material”—that is, of life.

Fifty years later, in 2003, another landmark paper appeared in the same prestigious international journal, also from a Cambridge laboratory, but this time in Massachusetts. The head of the Paul F. Glenn Laboratories for the Biological Mechanisms of Aging at Harvard Medical School, David Sinclair, and his associates published a paper entitled “Small Molecule Activators of Sirtuins Extend Saccharomyces cerevisiae Lifespan.” A year later, another peer-reviewed journal, Molecular Microbiology, published their follow-up article, “Small Molecules That Regulate Lifespan: Evidence for Xenohormesis.”

Sinclair explained that certain plants can increase production of specialized molecules during times of stress, such as drought or increased ultraviolet radiation from the sun. When consumed by animals, these plant molecules, which Sinclair called xeno factors, were found to interact with the animals’ genes and impart amazing health benefits. Most astonishing was the observation that these laboratory animals lived substantially longer—in some cases, up to 50 percent longer—than their average expected life span. Tests for cell damage indicated that they were also much healthier, with fewer occurrences of cancer, heart disease, and brain cell deterioration than is normally seen with aging (see figure 1).

This discovery, which has since been confirmed in laboratories at MIT and the University of California, San Francisco, is revolutionizing our ideas of how and why we age. Because human DNA has important basic similarities with animal DNA, we also possess similar genes that can be activated by eating these specialized plant molecules. For the first time in human history, there is real evidence that we can use this process to slow aging and live not only longer but healthier.

In the Beginning

When I considered that the same stressed plant molecules could prolong life in yeast (evolutionarily approximately one billion years old), fish (500 million years old), and mammals (200 million years old), I became perplexed. What could possibly be the biological connection between the lowly yeast and humankind? To solve this scientific conundrum, I found myself going farther and farther back in time, asking more questions. What are the most basic molecular factors that all living things have in common? And is there a common biological language that makes all cells form, grow, function, reproduce, and die?

[image: images]

FIGURE 1 Extension of life span by xeno factors.

This incredible story of discovery may well begin with the formation of the universe nearly 14 billion years ago, when all the matter, energy, and space in what is now the observable universe were contained in a single infinitely dense point. From that point came a cataclysmic, fiery explosion commonly referred to as the “big bang” (see figure 2), in which space expanded and particles of the embryonic universe formed. These particles coalesced to form the billions of galaxies that now make up the universe, including our own Milky Way, with its own billions of stars.

After the big bang, incomprehensible amounts of heat and radiation were released and subatomic particles were formed—including protons, neutrons, electrons, quarks, and baryons—all of which would become the building blocks of life as we know it. This material cooled until approximately 4.5 billion years ago, when the earth was formed. Initially, as recorded in Genesis, water did completely cover the globe. There was no oxygen, only intense cosmic radiation, turbulent seas, volcanic eruptions, and frequent meteoric bombardments from outer space. During the next billion years, primary elements needed to support life were formed, including carbon, oxygen, nitrogen, phosphorus, sulfur, magnesium, calcium, copper, and iron.

[image: images]

FIGURE 2 The big bang theory explains that a cosmic explosion at the beginning of time expanded space containing matter in all directions. As this matter cooled, gravity and pressure allowed atoms to form into elements and eventually into the planets and stars we see today.

The Origin of Life

It was indeed from the waters that life on our planet began. Charles Darwin, in 1871, made the suggestion that the original spark of life may have begun in a “warm little pond with all sorts of ammonia and phosphoric salts, light, heat, and electricity present, so that a protein compound was chemically formed that was ready to undergo still more complex changes.” These changes led to a crucial step in the formation of life: the development of a more complex molecule that was itself capable of reproducing itself. The latest research now indicates that ribonucleic acid, or RNA—a molecule similar to DNA—may have been the first complex molecule on which life was developed. Like DNA, RNA contains genetic information, but it also performs chemical reactions, like some proteins. But proteins cannot reproduce on their own; that was the amazing feat accomplished by RNA.

RNA is the common ancestor that has given rise to the major cell lines of life. The first of these belongs to a type of bacteria called prokaryotes, which lack a cellular nucleus. Bacteria that are two to three billion years old have been discovered in ancient rocks from Australia. They have survived throughout the millennia due to the simplicity of their design and their ability to become dormant for long periods at a time.

The second cell line is the eukaryote. These cells contain a cell nucleus, separated from the rest of the cell by a membrane; this nucleus is where the cell’s DNA is housed. The word eukaryote, which derives from ancient Greek, refers to the “true nucleus.” Eukaryotic cells are the basic building blocks of all animal life, from single-celled organisms like amoebas to complex human beings. Interestingly, fungi, mushrooms, and yeast also have eukaryote cell types; this is why the study of yeast cells has been found helpful in understanding many human cellular functions.

Cells of the third type, the archaebacteria, a subset of prokaryotes, have been referred to as “life’s extremists.” These cells inhabit some of the most forbidding and remote environments on the planet, including the depths of hot springs, or extremely alkaline or acidic waters. They live in the mud of marshes and at the very bottom of the ocean, and they thrive in places hostile to all other life-forms.

The first animal cells appeared about 1.5 billion years ago, single-cell organisms that were able to reproduce. Protected by a cell membrane formed of protein and fats, they were also able to use raw materials that could be converted into energy, and to respond to changes in environmental temperature, acidity, or nutrient levels. These reactions were facilitated by specialized reactive molecules called enzymes.

Enzymes, which we will learn more about, are specialized proteins that act as catalysts and can help alter and form other more complex proteins and nucleic acids that make up RNA and DNA. They are critical to the function and survival of all living things. In his research, David Sinclair discovered one specific enzyme critical to longevity.

With the formation of algae and multicellular structures like jellyfish and plankton, the stage was set for the evolution of higher organisms. Yeast was formed approximately 900 million years ago. Although for thousands of years it was used for fermenting alcohol and making bread, yeast wasn’t known to be a living organism until Louis Pasteur confirmed it in the 1860s. Yeast subsequently played a critical role, as we shall see, in the study of aging. Six hundred million years ago, the first animals, invertebrates such as sponges, jellyfish, worms, and insects, made their appearance on our planet. Plants eventually evolved from ancient green algae and populated the earth approximately 400 million years ago, shortly before the appearance of vertebrate animals about 380 million years ago (see figure 3).

After the abrupt eradication of the dinosaurs about 65 million years ago, following a dramatic drop in the earth’s temperature, mammals began to proliferate, leading to the appearance of our humanlike ancestors approximately 2 million to 3 million years ago. Modern humankind is but a flash in the evolutionary night, being approximately 400,000 years old, with a recorded history less than 15,000 years old. Carl Sagan put this in perspective when he speculated on the evolution of human intelligence in his book The Dragons of Eden. He constructed a timeline in which the period from the big bang to the present moment was represented by a 365-day calendar year. In that scenario, all of recorded human history occupies the last ten seconds of December 31; the time from the waning of the Middle Ages to the present would occupy little more than one second.

Although our time on earth as a species is so short, there is a corollary to this. Since all the constituents that would eventually come together for our embodiment were present in the big bang, we really trace our lineage to a moment 13.7 billion to 15 billion years ago. Since all matter derives from that initial burst, each of us is formed of the same primordial dust that subsequently became stars; every living thing carries within it elements that evolved and reconstituted until they finally formed what we are today.
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FIGURE 3 The evolutionary tree and timeline from the formation of earth to modern man showing the common genetic linkage of yeast, worms, fish, mice, and humans.


The Timeline of Human Evolution

Why is this lineage so crucial to our story of how we can activate our genes to live longer and healthier by ingesting specific stressed plant products? Because it demonstrates how the various life-forms on earth synergistically coevolved throughout earth’s multibillion-year history, making them intimately dependent on one another for survival. Most important, the genetic code that provides for the survival of bacteria and yeast is written in the same biological language that articulates the biochemistry of a human being. Scientific studies, therefore, conducted on these early forms of life may indeed be extrapolated to human beings, thanks to our shared DNA. Through the science of phylogeny, which studies relationships of DNA between species, we know that both plants and animals activate similar genetic mechanisms to survive in response to adverse conditions such as excessive heat, drought, and famine.

The concept of xenohormesis is based on the premise that our bodies have developed the ability to read and react to molecular cues from the plant world during times of environmental stress or adversity. By ingesting certain nutrients from environmentally stressed plants, we genetically activate our body’s defenses to survive. This survival response results in cellular changes in our body controlled by genes and mediated by enzymes that can shift our everyday metabolism of sugars so that now we can use our stored fats as an energy source.

The survival response triggered by these plant molecules also causes the activation of animal mitochondria, the structures within the cell that act as powerhouses, or energy producers, allowing the mitochondria to release a larger amount of energy. Ultimately, stressed plant molecules—xeno factors—can stimulate health and enhance immune defenses in the animals that consume them, increasing the viability of those animals in a stressful environment. This strengthening effect is what David Sinclair and others have now confirmed both by documenting less disease and increased longevity in laboratory animals, and by isolating the genetic mechanisms at work.

This discovery is the by-product of yet another new scientific field heralded by Watson and Crick, molecular biology, which attempts to unravel the biochemistry of life’s beginnings and the vast molecular web of interaction between plants and animals. In the last fifty years, more has been discovered about the secrets of both plant life and animal life than in the previous 15,000 years of recorded history. Since the early 1990s, researchers at the forefront of molecular biology have taken a Neil Armstrong–like “giant leap for mankind” toward finally unraveling the secrets of life—and how to prolong it.



Chapter 2

Molecular Pioneers and the Discovery of Longevity Genes

If I have seen farther, it is by standing on the shoulders of giants.

—ISAAC NEWTON, LETTER TO ROBERT HOOKE, FEBRUARY 5, 1675

History is replete with examples of medical pioneers whose innovations and foresight were trivialized, ignored, challenged, or violently opposed by the establishment only to ultimately become accepted by society at large.

—DR. RONALD KLATZ, FOUNDER, THE AMERICAN ACADEMY OF ANTI-AGING MEDICINE, 2008

In 1953, the same year that Watson and Crick launched the modern era of molecular biology, a former beekeeper from New Zealand, Edmund Hillary, scaled the previously insurmountable heights of Mount Everest. Both feats captured international attention and established new standards of accomplishment: the personal qualities of focus, intensity, perseverance against all odds and obstacles, ambition, and a burning competitiveness. And both triumphs drew on the failures and successes of those who had gone before. The discovery of xenohormesis is similarly predicated on the work of a long line of innovators.

Because the mechanisms by which xenohormetic plant molecules improve health and longevity in animals involve genes and their products, we must first understand something about DNA and the genes it comprises. Our story of molecular biology begins in 1859 with Charles Darwin and his now famous publication of On the Origin of Species by Means of Natural Selection. Upon returning from a two-year scientific expedition to the Galápagos Islands, Darwin used changes in the development of the beak of the finch to argue that all present-day creatures had indeed evolved into their present forms, and he provided the first plausible explanation of the means by which they did so: natural selection, or evolution. What is relevant for us here is that natural selection and the development of survival mechanisms were due to adaptation to stress.

Darwin recognized that in a world of limited resources, life consists of a fierce competition for survival, or, in his words, “a struggle for life.” He also recognized that some species were “fitter,” or better adapted to succeed in the prevailing environmental conditions, and this recognition led him to theorize that populations evolve over the course of generations through a process of natural selection. With the establishment of these basic concepts, the evolutionary ascent of Homo sapiens became based in science. Darwin himself knew full well that his idea of evolution driven by natural selection was incomplete. He recognized that offspring could differ in major ways from both parents and from their siblings. But he didn’t know how those differences occurred or how they were transmitted over generations.

If Darwin had been aware of the work of the Austrian monk Gregor Mendel, he might have known that this problem had been solved three years earlier, in 1856. During frequent walks through the monastery garden in what is now the Czech Republic, Mendel had observed the simple traits of common pea plants growing in the garden. He noted that the flowers of these plants were either purple or white and the pods were either yellow or green—nothing in between. The stem of the plant was either long or short, and the seeds were either round or wrinkled. Altogether he observed seven different traits that never seemed to blend. His curiosity piqued, he put his mathematics and physics background to work crossbreeding and analyzing more than 28,000 different pea plants, their combinations, and their characteristics.

Mendel bred peas with green pods to peas with yellow pods and noted that their offspring all turned out to have green pods. However, when he bred this second generation with itself, 25 percent of the next generation turned out to have yellow pods. The same observation held true for height. After he bred long-stem peas with short-stem peas, the next generation was all tall, but 25 percent of the generation after that were short. His simple but elegant experiments in the monastery garden provided the framework for the subsequent field of genetics, the study of “the code of life.” His basic observations formed the foundation for understanding why certain traits appear to skip generations, as observed by Darwin in the finches in the Galápagos Islands (see figure 4).
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FIGURE 4 Gregor Mendel, the Austrian monk, and his discovery of the method of transmission of the genetic code in pea plants.

Modern evolutionary biology and the basis for molecular biology are predicated on three of Mendel’s observations. First, each feature is determined by some discrete “factor,” which would later be called a gene, which passes on the information of heredity. Second, each gene within a species can exist in more than one version, called an allele. For example, the gene for seed shape in pea plants comes in two variations: one allele for a round seed shape and the other for a wrinkled seed shape. Third, Mendel perceived that in mixed pairs, one allele was dominant over the other. (In the case of seed shapes, round is dominant, and wrinkled is recessive.) These three principles summarize the essence of the method of transmission of the genetic code that contains, in chemical language, the recipe for all the traits we inherit at birth.

Another building block of molecular biology was set in place serendipitously in 1902, when a medical student at Columbia University named Walter Sutton discovered paired “blobs” within the nucleus of the cell. Using a new, more powerful microscope, he isolated these blobs, which turned out to be chromosomes. Chromosomes are the structures formed by coiled strands of DNA within the nucleus. They are arranged in pairs—twenty-three in humans. In most plant and animal cells, a different parent provides each half of the pair. Thus the idea of mixing different traits from different parents dovetailed with Mendel’s ideas on pairing and mixing traits on a genetic level.

Approximately twenty years after Mendel’s experiments with pea plants, Wilhelm Johannsen, a professor of botany at Copenhagen Agricultural College, assigned the word gene (meaning “origin” or “to give birth to”) to the fundamental physical and functional unit that controls heredity. In addition, he referred to the particular set of genes possessed by an individual as its genotype. He also coined the term phenotype: an organism’s actual physical characteristics such as height, weight, and hair color. The phenotype is to some degree molded by the environment. Identical twins have the same genotype, since their genes are identical, but they never have the same phenotype, due to the strong influence of environmental factors such as infection, trauma, and stress. These concepts elaborated by Johannsen were fundamental to understanding the theory of evolution postulated by Darwin.

The next major advance in our story of genetics occurred in New York City. In the 1920s, a biology student at Columbia College, who would later win a Nobel Prize, began working with the Drosophila, or fruit fly. Just as Mendel and Johannsen had observed different characteristics when breeding peas and beans, Hermann Muller now observed significant anatomical changes in fruit flies after blasting them with ionizing radiation. He noticed that some now had long wings or short wings, and some were now missing body parts. There was also a new difference in the male-to-female ratio. As a result of his observations, Muller began publicizing the likely dangers of radiation exposure in humans, particularly for physicians and technicians who operated X-ray equipment. In 1946 he won the Nobel Prize for the discovery that X-rays can induce genetic mutations. This is important because xeno factors also have the ability to influence and in some cases repair damaged DNA within cells, thereby reversing or blocking genetic mutations that can occur with disease such as cancer.

Curiously, the next segment of important research on our way to the xeno factor involves bread mold. George Wells Beadle, from Wahoo, Nebraska, joined the “fly” lab at the California Institute of Technology to follow up on Muller’s work on fruit fly genetics. Beadle collaborated with a chemist, Edward Tatum, from the University of Chicago, to study the genetics of the fungus, an organism more than a billion years old, using Muller’s technique of ionizing radiation. By exposing bread mold fungus to X-rays, they caused mutations in the fungus just as Muller had with his fruit flies. In a series of experiments, Beadle and Tatum showed that these mutations cause changes in specific enzymes. These findings led the two researchers to propose a direct link between genes and enzymes. This became known as the “one gene, one enzyme” hypothesis: the idea that a specific section of genetic code is responsible for making one and only one type of enzyme, which carries out a specific biochemical function. For this research, Beadle and Tatum shared a 1958 Nobel Prize. The discovery of the relationship between enzymes—the protein catalysts responsible for all chemical reactions essential for life—and the genes that make them was another fundamental building block in the discovery of xeno factors.

A crucial next step was taken by the brilliant Austrian physicist Irwin Schrödinger, who won the Nobel Prize in Physics in 1933. In considering the great unsolved problems in science, he published a well-known book in 1944 entitled What Is Life? In it he wrote: “It is these chromosomes, DNA strands formed into paired genes found in the nucleus of cells, that contain in some kind of code the script for the entire pattern of the individual’s future development and of its functioning in the mature state.” This concept of paired genes encoded with a particular biochemical pattern was crucial for future observations, as we will see.

Another piece of the puzzle was added in 1944 by Oswald Avery, a Canadian physician and biochemist, who showed that a harmless form of bacteria could be changed to a killer by adding DNA from a culture of virulent bacteria. Furthermore, he recognized that DNA was the active substance that determined the specific characteristics of the cell. DNA molecules are formed by various combinations of only four different building blocks called nucleotides—adenine (A), guanine (G), thymine (T), and cytosine (C)—although a list of the various combinations of these units would fill two hundred telephone books!

Erwin Chargaff provided the next scientific piece of the puzzle. In 1951 he observed that “the amount of nucleotide adenine equals that of thymine, and the amount of guanine equals that of cytosine.” This observation, unappreciated at the time, was critical to the subsequent understanding of the configuration of the double helix. These nucleotide building blocks are cross-linked like the rungs of a ladder, and these links can be easily broken during cell division, allowing the two strands of the DNA molecule to separate and act as a template to form exact copies of themselves. Thus genetic information coded in the DNA can be used by the cell for reproduction and for the formation of the protein building blocks of all living structures (see figure 5).

By assimilating all of these discoveries, and by incorporating the X-ray images of DNA produced by Rosalind Franklin, who worked in a competing lab and nearly discovered the double helix herself, Watson and Crick conceived their astonishing and elegant solution to the mystery of life on that frigid day in February 1953. Using bits of paper and metal attached to different-sized rods, they found that the pieces of the jigsaw puzzle finally fit. The secret of the double helix of DNA coiled inside each chromosome was unraveled, and by standing on the shoulders of the scientific giants who had preceded them, Watson and Crick launched the modern era of molecular biology.
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FIGURE 5 This illustration of the cell, chromosomes, and double helix DNA structure with the base pair nucleotide connections shows that the adenine and thymine pair, and the guanine and cytosine pair, are always matched throughout the structure.

These discoveries provide the underpinnings for the equally exciting inquiry into how and why we age—and what we can do about it. The fact is that DNA and the genes it forms are the storehouse for more than one billion years of organisms learning how to adapt and survive in an ever-changing environment. The complete story of the secrets they hold about longevity has yet to be written, but exciting discoveries have already led to new ways of looking at cancer, heart disease, and Alzheimer’s disease, and what we can do proactively to prevent them. The emerging benefits will change the way we live, work, and plan for retirement, as well as the shape of tomorrow’s society and the very future of our species.



Chapter 3

Causes of Aging

The belief that aging is still an unsolved problem in biology is no longer true.

—MICROBIOLOGIST LEONARD HAYFLICK, 2007

Why do we age? Why do all living creatures have a finite period of existence? What is the nature of the clock of life whose alarm we can’t turn off? As a species, human beings have now survived for 400,000 years, but not as individuals. Still, we can consider ourselves fortunate compared with some life-forms that measure their life spans in mere days. Among animals, the gastrotrich, a minute sea creature, has the briefest life expectancy—about three days—whereas the giant tortoise can live more than 170 years. Plants can live for extraordinary periods, like the Methuselah tree, a bristlecone pine found in California, which is estimated to be 4,725 years old. People fall somewhere in the middle range. In the Bible, we are told that Moses lived to 120 years. Jeanne Calment, however, outlived Moses by two years; born in Arles, France, in 1875, she died in 1997 at the age of 122. Her secret? She recommended walking and two glasses of red wine each day.

Still, the average life expectancy of an American born today is only 77.9 years. That’s respectable, but it’s not as long as the life expectancy of citizens born in forty-one other countries. The pocket-sized country of Andorra, located between France and Spain, tops the list at 83.5 years. As we will see, the natural upper limit of the life span may be significantly higher, based on tests with laboratory animals and an analysis of people who lived beyond 100. In fact, many scientists in antiaging research believe it may be possible to consistently prolong life to the age of Moses and Jeanne Calment as science advances over the next twenty to thirty years.

Lest you think this is science fiction, we have already seen an increase in life span of about three months every year since the mid-nineteenth century. This is generally attributed to the industrialization of food production, which created a readily available food supply, and to the introduction of childhood immunizations and antibiotics. But some researchers believe that even with the most advanced medical care, the average human life span has very little room to increase further. In fact, there is evidence that in some countries, like Russia, life span can even backslide. The discovery of substances that could extend life is therefore both very intriguing and very controversial, and must be examined in the context of scientific trial and error and, most important, through confirmation by other scientists, the litmus test of scientific progress.

What Is Normal Aging?

Hall of Famer Leroy “Satchel” Paige, who was still pitching in major-league baseball in his fifties, once asked, “How old would you be if you didn’t know how old you were?” Having myself competed in Ironman Triathlon events at ages sixty and sixty-eight, I have seen firsthand what gerontologists have long known: chronological age—the number of years you’ve lived—doesn’t necessarily correlate with physiological age. If we can prevent chronic diseases and disability through diet, exercise, and avoiding environmental hazards such as pollution and pesticides, we can stay much younger than our chronological age. Of course, coming from a family blessed with long life in its genetic history can also help.

Professional wrestler Bruno Sammartino, a patient and friend of mine, is the best example I know of someone who remains almost as youthful as when he began his career more than fifty years ago. Considered by many to be the greatest wrestler of all time, “the Italian Superman” overcame such daunting threats as Hulk Hogan, Killer Kowalski, Gorilla Monsoon, and countless others during his seven-year run as world champion. Bruno sold out New York City’s Madison Square Garden a record 187 times.

After concluding his career with an induction into the Professional Wrestling Hall of Fame, Bruno has maintained an exercise regimen matching that of the famous fitness expert Jack LaLanne. Weight and aerobic training remain a part of his everyday life, as do a deep devotion to his faith and his wife. Over the years Bruno gravitated to a diet high in xeno factors, consuming two glasses of red wine every night with his dinner and regularly eating fresh fruit, vegetables, and fish. He also has maintained an ideal weight and never smoked. At age seventy-three, his youthful physique, mental acuity, and physical prowess remain remarkably intact (see figure 6). As we will discuss in chapter 20, he has managed to attain balance in his life and his diet, making his golden years truly golden.
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FIGURE 6 Professional wrestler Bruno Sammartino at age twenty-seven (left) and at age seventy (right).

Certainly aging does not manifest itself in the same way in every person. Genetic predisposition and lifestyle are major additional influences on aging. To discover just what happens to various organs as people age, the National Institute on Aging supported the Baltimore Longitudinal Study of Aging, which has tracked more than 1,400 men and women, ranging in age from their twenties to their nineties.

Although the study shows a wide variety in rates of decline, the following generalities can be made:

TABLE 1 How Different Organs Are Affected by Aging







	Heart
	The heart wall thickens, gradually losing its effectiveness as a pump. Maximum oxygen consumption during exercise declines with each decade of adult life by about 10 percent in men and 7.5 percent in women.



	Arteries
	Cholesterol and calcium build up, thickening and stiffening the arteries. The decrease in elasticity and the narrowing of the arteries lead to high blood pressure.



	Lungs
	Between the ages of twenty and seventy, maximum breathing capacity declines by approximately 40 percent.



	Brain
	A gradual decrease in the number of brain cells leads to selective impairment, particularly in memory.



	Bladder
	The bladder gradually loses its tone, and incontinence or loss of control of urine may occur as the tissues weaken, particularly in women.



	Body fat
	Body fat gradually increases until middle age. It then usually stabilizes until late life, when body weight tends to decline. Elderly individuals lose not only body fat but also muscle and thus develop sagging skin.



	Muscles
	Between the ages of thirty and seventy, muscle mass declines by approximately 22 percent for women and 23 percent for men. (Exercise slows, and even reverses, this rate of loss.)



	Bones
	Bone density and minerals are lost, particularly in women at menopause. This loss accelerates and leads to osteoporosis and fractures.



	Sight and hearing
	Both begin to fade in the forties. There is increased susceptibility to glare and greater difficulty in seeing at low illumination. In older people, high-frequency tones are lost so that impairment with background noise becomes substantial. Hearing declines more quickly in men than in women.







All of these abnormalities occur eventually, but they can be greatly delayed and at times prevented by appropriate diet and exercise.

Theories of Aging

Many theories have been proposed to explain why we age and eventually die; however, none has gained supremacy. In fact, Caleb Finch, PhD, who studies the causes of aging at the University of Southern California, has noted, “Next to the miracle of life itself, aging and death are perhaps the greatest mysteries.” Nevertheless, theories of aging can be divided into two groups: error theories and programmed theories.

Error Theories of Aging

Perhaps the most notable error theory concerns free radicals. In every cell, there are hundreds of mitochondria, tiny organelles that convert oxygen and glucose into adenosine triphosphate (ATP). ATP is the energy-releasing molecule needed for almost all cellular reactions. In the normal process of “burning” oxygen and carbohydrates, mitochondria form by-products called free radicals, created when the mitochondria combine oxygen with hydrogen to form water and an oxygen molecule escapes with an extra electron.

These oxygen atoms with a free or unpaired electron (free “radicals”) are unstable and break down into several additional types of free radicals that attempt to “steal” electrons from other molecules. Sometimes this is helpful, as when free radicals destroy bacteria or other invaders. However, in excess, free radicals can damage the membranes of cells, the proteins within cells, and even the DNA itself (see figure 7). There are other sources of free radicals besides the mitochondria, however, such as sun exposure, radiation, tobacco smoke, and other environmental factors. In fact, radiation therapy to treat cancer depends on free radicals generated by the radiation to kill the cancer cells. Free radicals have been implicated in all aspects of aging, from degenerative disorders to cancer, cataracts, atherosclerosis, and brain degeneration, as we will see.

[image: images]

FIGURE 7 (A) Oxygen and glucose generate cellular energy (ATP) and in the process form destructive free radicals. (B) Excessive free radicals damage cellular membranes, mitochondria, and DNA.

To neutralize these free radicals that cause damage through oxidation, cells call upon antioxidants. In a healthy body, nutrients like vitamins C and E, along with various enzymes, are powerful antioxidants that normally prevent damage by the free radicals. Antioxidants are now often added to food and drinks, which are then called “functional foods.” Marketed as containing nutrients to protect cells from damage due to oxidation, 1,013 products making “high antioxidant” claims were introduced in 2006. The Mars chocolate company recently put an antioxidant label on its Dove chocolate and saw its business double in a year. In the first three months of 2007, more products with antioxidant claims came out than in all of 2004. The best source of antioxidants, however, isn’t packaged foods, according to nutritionists, but natural (and preferably organically) grown fruits and vegetables.
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