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It seems impossible that my first book, The Wrinkle Cure, was published well over ten years ago, but time has a way of doing that. In fact, time seems to go by faster with each passing year. Since the excitement generated by that first book, I have continued to devote myself to slowing down time, or at least the toll it takes on our bodies. In The Wrinkle Cure, I introduced the concept that inflammation is at the basis of aging and age-related disease. This inflammation exists over a broad spectrum that ranges from low to high. On the low side, it occurs on a cellular level and is invisible to the naked eye. It can be discerned only microscopically or submicroscopically on a molecular level. On the high end of the spectrum, the inflammation is visibly evident as redness and swelling, as seen in a wound or sunburn.

In The Wrinkle Cure, I explained that this low-grade, subclinical, cellular inflammation is ultimately responsible for cell dysfunction, leading to organ dysfunction, aging, and death. In addition, I identified this subclinical inflammation as being the basis of such diverse age-related diseases as atherosclerosis, diabetes, various forms of cancer, Alzheimer’s disease, and other neurologic diseases, as well as wrinkling of the skin.

My colleagues and mainstream medicine in general vigorously resisted the concept of the inflammation/aging/disease connection. Fortunately, a great deal has changed in a decade, and in that time, numerous studies have validated this concept. Many therapeutic interventions are now being developed counteracting subclinical inflammation, thereby prolonging both our health and our life span.

The Diabetes/Aging Connection

One of the models I use as an accelerated aging prototype is the disease of diabetes. Studying diabetes has helped me to understand the effects of irregularities in blood sugar and their role in the production of free radicals, leading to glycation and inflammation. Glycation is an inflammatory biochemical process that occurs when a glucose (sugar) molecule binds to a protein molecule without the influence of enzymes. In scientific terms we refer to these sugar/protein bonds as AGEs, an appropriate acronym for advanced glycation end products. Glycation and AGEs are highly damaging to all organ systems, including the skin. AGEs can cause arterial stiffening, atherosclerosis, cataracts, neurological impairment, diabetic complications, wrinkled, sagging skin, and more. The inflammation and glycation that I observed in diabetics whose disease was poorly controlled resulted in those patients’ aging one-third faster than the normal population.

The Forever Young Approach to Aging

Uncontrolled or poorly controlled diabetes is not the only model for accelerated aging. As we enter a new decade, I am looking at another accelerated aging model. This model has provided me with the information I need to develop novel therapeutic interventions to further slow the aging process and radically decrease the onset of age-related disease. The culprit is an acute, severe, systemic infection known as sepsis, which leads to septic shock, the onset and progression of which closely parallel the bodily changes seen during aging. Sepsis leads to disorders that take place on a cellular level and closely mimics, in an abbreviated period of time, what happens to our bodies over a period of years and decades in the normal aging process.

Understanding how we age on a cellular level gives us the information we need to retard or even reverse the process. In Forever Young you will learn about the science of nutrigenomics and how some very special foods and substances can alter the way you age, both mentally and physically. Nutrigenomics is the study of how nutrition affects gene expression and how certain nutrients can turn on the genes that block disease and turn off the genes that cause accelerated aging and disease. As I have often told my patients, readers, and viewers, the fountain of youth may be no further away than your next meal!

As I observed accelerated models of aging, like poorly controlled diabetes and sepsis, and studied and implemented nutrigenomics, I have developed strategies designed to keep you, if not Forever Young, at least looking and feeling your very best for many decades into the future.

Thank you for joining me on this life-changing journey.

Nicholas Perricone, M.D., F.A.C.N., C.N.S.
Madison, Connecticut
January 2010
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THE ICU:
A NEW ANTIAGING RESEARCH LABORATORY

The day had dawned cold and gray with a lowering sky on the morning of February 16. The dark, angry waves of the Long Island Sound dashed against the rocks, a harbinger of worse to come. Another snowstorm was scheduled for New York and Connecticut, making the winter of 2010 one for the record books from Florida to Maine. Escaping to the tropics was on my mind, but duty called.

This was the day I was turning in the manuscript for my new book, Forever Young. I was proud to have written a book that broke new ground yet apprehensive, because the science might be considered cumbersome. I knew that there was no other way to tell the story. People needed strategies to stop the deadly degenerating signs of aging, and I feel it is important to explain my recommendations, which are all scientifically based.

As I nursed a cup of green tea and read the news on the Internet, a 24-point-type headline from the United Kingdom’s Financial Times caught my eye: “Scientists discover the secret of ageing.” The article explained how one of the biggest puzzles in biology—how and why living cells age—had been solved by an international team based at the United Kingdom’s Newcastle University. Using a complex “systems biology” approach, the researchers, in conjunction with scientists from the University of Ulm in Germany, had set out to discover why cells become senescent, or, in other words, grow old. The research, published by the journal Molecular Systems Biology, showed that when an aging cell detects serious DNA damage, which may be the result of general wear and tear from daily living, it sends out internal signals. These distress signals trigger the cell’s mitochondria, the energy-producing part of the cell, to make free-radical molecules, which instruct the cell either to destroy itself or to stop dividing. The reason for this is to avoid the damaged DNA that results in cancer.

As you will discover in these pages, I am convinced that the damaging diseases and cellular destruction associated with aging begin with the mitochondria. I concur with the research findings from Newcastle University, as they validate my own research regarding how and why we age. The release of this study just as I was delivering my manuscript to my publisher was very exciting, because the researchers’ discovery echoes the underlying theme of this book.

I have gone beyond the science of why we age to search for practical ways to intervene in the process. In Forever Young you will learn new, effective, and safe strategies to protect the mitochondria, the mitochondrial DNA, and other parts of the cell from this programmed cell death, known as apoptosis, starting with the miraculous therapeutic powers of niacinamide (vitamin B3), which you will read about on page 107.

A New Model for Understanding Aging

My first experience with seriously ill patients occurred when I was a medical student at Michigan State University College of Medicine. During my rotation in internal medicine, particularly the weeks spent in the intensive care unit, I became intimately familiar with sepsis, one of the most common causes of death.

Also known as gram-negative bacteremia and gram-positive bacteremia, sepsis occurs when infectious agents like bacteria or fungi or products of infection like bacterial toxins enter the body, most often through a wound or incision. If this systemic infection goes unchecked, it leads to a condition known as septic shock, resulting in hypotension, or extremely low blood pressure; dysregulation of blood sugar; and the failure of such multiple organ systems as the heart, kidney, liver, and lungs.

The Sepsis/Inflammation/Aging Connection

In 1981 when I was in medical school, I was trying to understand what caused underlying damage to the vital organs during septic shock. The question was a huge challenge for both physicians and scientists. The research indicated that metabolic changes occurring on a cellular level were the primary cause of organ dysfunction and failure. The consensus was that these fundamental metabolic disturbances were the result of inadequate tissue oxygenation and a disruption of the body’s ability to control blood sugar levels. This combination of symptoms came to be known as multiple organ dysfunction syndrome, or MODS. It was widely hypothesized that multiple organ dysfunction syndrome resulted from tissue hypoxia, a condition in which vital organs do not get enough oxygen to meet their needs. Fast-forward to a new millennium: the concept of inadequate oxygen levels to vital organs as the fundamental cause of MODS is now being seriously questioned.

Today, scientists believe that adequate oxygen is delivered to the vital organs by the bloodstream during sepsis and septic shock. The problem is that the cells are unable to use that oxygen, even though it is being supplied at adequate levels. The inability of the vital organs to utilize oxygen is a cellular malfunction in the tiny organelles known as the mitochondria. This impaired cellular oxygen problem is termed cytopathic hypoxia. Just as cytopathic hypoxia is far more important in the generation of MODS than had ever been thought in the past, I propose that cytopathic hypoxia, as seen in the cellular changes of aging, is far more important to the degeneration of the organ systems than was previously believed.

Having come to that conclusion, I had to ask the next question: If cells cannot utilize the oxygen, where in the cell is the defect? The answer is the mitochondria.

The Mighty Mitochondria

The mitochondria are tiny energy-generating parts of the cell. They function as microscopic furnaces, converting food into fuel, and are responsible for all energy production in the body. The majority of the oxygen supplied to the cell is utilized by the mitochondria to make a chemical known as adenosine triphosphate, or ATP. ATP is the energy storage and transfer molecule that is essential to life. As I discussed in one of my previous books, Dr. Perricone’s 7 Secrets to Beauty, Health, and Longevity, functioning mitochondria are vital to maintaining a healthy body and beautiful skin.

A Closer Look at Mitochondrial Function

Although tiny, the mitochondria play a huge role in the body as the energy-producing portion of the cell. To accomplish this feat, they consume 90 percent of the oxygen that is needed by our bodies. As mentioned, this oxygen is used to oxidize fuel or burn food to synthesize ATP, which is the energy currency of the cell. This process of ATP production in the mitochondria is known as oxidative phosphorylation and takes place in the part of the mitochondria known as the electron transport chain. Within the electron transport chain, ATP is produced in five steps. If anything disrupts this chain, free radicals are created; this further disrupts the electron transport chain, causing irreparable damage to the mitochondria. Damage to the mitochondria and disruption of the electron transport chain are the first events seen in sepsis. Unchecked, this results in total systemic collapse, multiple organ failure, and death.

Although it may seem counterproductive, the energy produced by the mitochondria is the major source of free-radical production in the cells. This is a result of the metabolic process that converts food and oxygen to water and ATP. As energy production takes place in the electron transport chain, within the mitochondrial membrane, about 5 percent of the electrons escape. This creates free radicals that damage both the mitochondria and the cell.




FREE-RADICAL CHEMISTRY

Many people are confused about free radicals. They know that they are bad and that antioxidants combat them. Understanding the chemistry of free radicals will give you an important perspective on aging.

Atoms and molecules are most stable when there is a pair of electrons circulating in their outer orbit. When a molecule or atom loses one of the electrons, it becomes a free radical. Its mission in life has now become the quest for another atom or molecule to hook up with. Any substance that rips electrons away from another molecule is known as an oxidizing agent or electrophile. Free radicals can damage tissues, cell membranes, and DNA, disrupting our store of genetic information, which may lead to the initiation of certain cancers.

Free radicals can also oxidize the fats that make up the cell wall membrane and the membrane covering the mitochondria and the nucleus. This oxidation can lead to cellular dysfunction and serious damage to the immune system and major organs such as the brain, heart, kidneys, and pancreas. Free radicals contribute to at least fifty major diseases, including atherosclerosis, heart disease, rheumatoid arthritis, and lung disease, as well as accelerated aging. Although free radicals exist for only a fraction of a second, the inflammatory cascade that they generate goes on for hours or days.

Antioxidants, including vitamin C, alpha-lipoic acid, and Co Q10, are known as reducing agents. They neutralize free radicals and leave a much more benign antioxidant free radical in its place. Unfortunately, the mitochondria are a site of constant free-radical production (see page 6) and very susceptible to the damage that free radicals can cause. If we hope to preserve youthful function and prevent disease, it is critical to search for agents and antioxidants that will protect the mitochondria from free-radical damage.

 





Therapeutic Strategies for the Mitochondria in Disease and Aging

Although the concept that free radicals are responsible for triggering an inflammatory response on a cellular and molecular level was considered with skepticism when I introduced it in The Wrinkle Cure, it is now dogma accepted by even the most conservative scientists. The idea that free radicals and inflammation cause cellular dysfunction and accelerate the aging process is now considered common knowledge as well.

Strategies for Mitochondrial Protection

If you want to slow down the aging process and keep your body functional at optimal health, you need to protect the mitochondria and your cells from free radicals. Mitochondrial antioxidants and free radical scavengers can counter the damaging effects of an inflammatory cascade.

Mitochondrial Antioxidants and Free-Radical Scavengers

Mitochondrial antioxidants are one therapeutic approach in treating acute sepsis as well as aging. This is of critical importance because any damage to the mitochondria results in the loss of energy production. A young cell is characterized by high energy production. Conversely, aged cells are characterized by low energy production and an inability to repair themselves.

Glutathione: The Master Antioxidant

Cells have evolved a defense system to protect against this damage by free radicals. It consists of antioxidants and enzymes that can neutralize oxygen-based free radicals. One of the key substances in cellular protection is glutathione. Glutathione is a tripeptide, a molecule composed of three amino acids, and is the most abundant and important antioxidant protective system in our cells. Critical in the cell’s defense against inflammation-generating free radicals and oxidative stress, glutathione comes to the rescue whenever a cell is under severe oxidative stress, as an excess of free radicals is called. The mitochondria depend upon cellular glutathione for protection. Produced in the cytosol, the watery portion of the cell, this glutathione must be transferred into the mitochondria to defend against the free radicals, also known as reactive oxygen species, or ROSs. It is difficult to overstate the importance of glutathione as the body’s primary antioxidant defense system.




GLUTATHIONE BREAKTHROUGH

A major breakthrough in the use of glutathione is a recently synthesized molecule that is proving to be extremely protective on a cellular level. This derivative of glutathione is known as S-acyl-glutathione. This new molecule is a combination of a fatty acid attached to the glutathione molecule. The combination of a fatty acid with the glutathione enables the glutathione to be easily transported into the cell and subsequently into the mitochondria. This process is similar to the results I have seen using the standard glutathione molecule in my phospholipid carrier system.

One of the new S-acyl-glutathione derivatives I have been working with is S-palmitoleic glutathione (glutathione combined with palm oil). In several studies, this molecule has been able to enter cells, where it neutralizes such free radicals as reactive oxygen species (ROS). The acyl derivatives of glutathione also provide protection to the cell plasma membrane, the outer fatty portion of the cell. Studies show that they are extremely protective to fibroblast cells, which are responsible for producing collagen and elastin in our skin. Protecting this important part of the cell can lead to more youthful-looking, healthier skin.

In other studies, the S-acyl-glutathione derivatives are proving to be protective to brain cells. You will see many examples of substances that are therapeutic to both skin and brain throughout this book. I refer to this phenomenon as the Brain/Beauty Connection.

The Brain/Beauty Connection

During medical school, I spent a good deal of time working with patients who were receiving pharmacological agents for the central nervous system. Each time these patients were given treatment, I observed a markedly improved appearance of their skin. This is understandable if you know the basics of embryology, the branch of biology that studies the growth of the fertilized egg to approximately four months of gestation. During this period, all of the body’s organ systems are derived from three distinct and separate layers of tissue in the embryo. Both the skin and the brain are derived from the same embryonic tissue, which is known as the ectoderm. There is an important and powerful connection between the brain and the skin. It should not be surprising that therapeutic agents that affect the brain positively would also be beneficial to the skin.

One of the new S-acyl-glutathione derivatives I have been working with is S-palmitoleoylglutathione (glutathione combined with a monounsaturated fatty acid found in palm oil known as palmitoleic acid), which is an important discovery in the treatment of neurological problems associated with aging such as Alzheimer’s disease. Thanks to the brain/beauty connection, they are also extremely efficacious in treating the skin.

Increasing Glutathione Production

Another strategy for providing glutathione to the cell and giving additional protection to the mitochondria is to provide precursors that are needed for the formation of glutathione. One very important precursor is a slightly modified amino acid known as N-acetylcysteine (NAC). N-acetylcysteine is a derivative of the amino acid L-cysteine. NAC contains a sulfur group known as a thiol, and it is the thiol that gives this amino acid its antioxidant effects. The cysteine portion of NAC is one of the three peptides that make up the glutathione molecule, and because it provides this building block, more glutathione is produced.

In combination with two other amino acids, glutamine and glycine, N-acetylcysteine promotes the synthesis of glutathione in the liver. Both N-acetylcysteine and alpha-lipoic acid, when administered together (see page 13), are precursors or building blocks of glutathione and work synergistically to elevate glutathione levels in the cell.

Physicians have been administering NAC to patients suffering from acute sepsis to elevate levels of glutathione in the mito-chondria and protect against organ failure. Oral supplementation is also an excellent strategy to protect the body as we age.

While I was interning in pediatrics at the Yale University Medical Center, I encountered a problem on more than one occasion in the ER involving children suffering from an acetaminophen (Tylenol) overdose. Acetaminophen is extremely toxic when taken in large doses because it causes liver failure. At the time, the Yale Pediatric ER therapeutic protocol was to have the patient drink a foul-smelling liquid called Mucomyst. Designed to be used in a nebulizer, Mucomyst was a therapy for patients with respiratory problems. It worked by breaking down thick mucus in the bronchials of patients with lung problems. Mucomyst is a solution of N-acetylcysteine. The thiol in it is responsible for its terrible rotten egg aroma, because it is a sulfur group. In the Tylenol overdoses, NAC works by elevating levels of glutathione in the liver cells, preventing free-radical damage and liver damage. Although we all pitied the poor children who were forced to drink this horrible-smelling solution, we surmised that after experiencing this drink, they would not go near a Tylenol tablet, unsupervised, for the rest of their lives.

 





Scientists and physicians, myself included, have spent many years researching methods to increase glutathione within the mitochondria. Elevating glutathione levels and other substances that protect against free-radical damage in the mitochondria is the cornerstone of our quest to look and feel Forever Young.

One of the greatest challenges in working with glutathione is the fact that glutathione supplementation has not been viable. This is because oral ingestion of supplemental glutathione is rapidly digested by the gastrointestinal system. Fortunately, we are finding ways to circumvent this problem. One such method is the focal point of my own research: the development of a phospholipid carrier system that is capable of transferring glutathione into the cells. This transdermal delivery system allows the mitochondria to receive increased levels of this protective tripeptide. When applied to the skin, glutathione, via the phospholipid carrier, is able to penetrate various levels, reaching into the deep dermis and finally into the subdermal microvasculature, or the small blood vessels under the skin. From this point, glutathione begins circulating in our blood, providing protective glutathione molecules to all organ systems and cells. When delivered in this form, the glutathione is able to enter the cells and provide elevated levels for increased protection. Once in the cell, the higher levels of glutathione are available to the mitochondria, where they help to maintain health and prevent disease.

In Forever Young, you are going to learn how to adopt these therapeutic interventions as a means of keeping the mitochondria in a youthful state.

Alpha-Lipoic Acid:
The Universal and Metabolic Antioxidant

Another important antioxidant that can help elevate levels of glutathione in the cell is alpha-lipoic acid (ALA), which has always been important in my research and was first introduced to my readers in The Wrinkle Cure. Alpha-lipoic acid is unique as an antioxidant because it is both fat- and water-soluble. This means that it is able to protect all portions of the cell, including the mitochondria. ALA is also a metabolic booster that assists in energy production in the mitochondria. It is found naturally in our cells, locked in an enzyme system that is part of the energy-producing mechanism in the mitochondria.

Just say NO

Another mechanism by which ALA gives protection to the cell and mitochondria is by inhibiting the release of nitric oxide (NO). Free radicals are not alone in acting as a destructive force in the mitochondria; nitric oxide can also wreak havoc (more about this in chapter 2).

Nitric oxide has been studied by thousands of scientists in tens of thousands of laboratories for many years because it has a physiological function. It is a signaling molecule that is important in the central nervous system, arteries, and various cell systems. At elevated levels, NO can have negative effects, especially on mitochondrial function. In fact, nitric oxide plays a key role in the formation and perpetuation of various forms of cancer. Regulating nitric oxide release has become a new therapeutic strategy being used in the treatment of cancer. In chapter 2 I will introduce additional substances that can block the production of NO and inflammatory transcription factors.

Increased concentrations of nitric oxide interact with oxygen-free radicals, resulting in the production of a superpotent free radical called peroxynitrite. During the metabolic stress seen during sepsis, there is a large release of nitric oxide, which disrupts the electron transport chain within the mitochondria. The powerful antioxidant properties of ALA can inhibit the release of nitric oxide, providing vital protection to the mitochondria. Since ALA is powerful enough to protect the cells during the extreme examples of sepsis and septic shock, it follows that this antioxidant can protect your cells from the changes seen during aging. All of the therapies that protect the mitochondria from damage suffered during sepsis can be implemented to prevent many diseases associated with aging.

ALA also helps with glucose metabolism, which becomes more important as we age. Insulin resistance and the elevated glucose levels of hyperglycemia are rampant in the aging population. Unfortunately, there is an epidemic of insulin resistance, elevated glucose levels, and type 2 diabetes in the young as well, due to poor diet and a sedentary lifestyle. It should come as no surprise that glucose dysregulation is also a hallmark finding in sepsis and in the multiple organ dysfunction system (MODS). ALA helps in the cell’s uptake of glucose, independent of the action of insulin. It also sensitizes the insulin receptors in the cell plasma membrane, enabling the cell to utilize insulin and glucose more efficiently. ALA can help restore blood sugar control and prevent metabolic syndrome and diabetes.

ALA’s powerful antioxidant and anti-inflammatory properties work through several mechanisms. One of the most important is its ability to prevent the activation of pro-inflammatory transcription factors such as NFκB and AP-1. Once NFκB is activated in the cytosol (watery portion of the cell) during oxidative stress (excess free radicals), it translocates to the nucleus, where it activates gene expression for the production of pro-inflammatory proteins called cytokines. These include tumor necrosis factor alpha and interleukin-2, -4, and -8. This immune response initiates a cascade of inflammation that interferes with cell function and disrupts mitochondrial energy production, generating even more free radicals.

When ALA is administered in conjunction with NAC, it protects glutathione from destruction and increases glutathione production. ALA is an important tool in preventing cytopathic hypoxia—impaired cellular oxygen use—either acutely in the ICU or chronically in the prevention of aging. When ALA is applied topically, its ability to prevent cell death results in visibly decreased lines and wrinkles, increased skin radiance, and an enhanced overall appearance of the skin.

SS Peptides

Another class of novel mitochondrial antioxidants that play a key role in the treatment of cytopathic hypoxia is the amino acid peptide-based antioxidants. These peptides, which I consider to be one of the most exciting discoveries to date, have been designated the SS (Szeto-Schiller) peptides. As you have learned, protecting the mitochondria is critical in preventing death and disease. Unfortunately, the performance of standard antioxidants has been somewhat disappointing because they have not been able to penetrate the mitochondrial membrane effectively. Without adequate protection, free radicals, both oxygen-based and nitrogen-based, damage the mitochondrial membrane, resulting in impaired function and apoptosis, or cell death.

The discovery of the SS peptides has stimulated tremendous activity among researchers. Some of the research is focused on treating problems in the central nervous system. Thanks to the brain-beauty connection, these peptides are showing great promise for improving the appearance of skin. When applied topically, SS peptides demonstrate significant effectiveness in rejuvenating aging skin.

Beauty: It’s Skin Deep

These peptides cannot be administered orally, as the digestive enzymes destroy their therapeutic activity. When placed in my phospholipid carrier system, they rapidly penetrate the skin, greatly improving the clinical appearance of the skin. When they are topically applied, the results are cumulative and continue to accrue with each application. Just some of the benefits include a decrease in fine lines and wrinkles and increased radiance. These effects can be attributed to enhanced energy production in the cells. These visible improvements in the skin can be seen within just a few short weeks of application.

The SS peptides have more than a cosmetic effect. In this carrier system, they are able to penetrate all layers of the skin, reaching the subdermal vasculature, where they enter the bloodstream and circulate throughout the body. Once these peptides enter the cell, they pass through the mitochondrial membrane, giving protection against a variety of highly damaging free radicals. In addition, the SS peptides protect against lipid peroxidation, or fat destruction, providing significant protection to the cell plasma membrane as well as the fragile mitochondrial membrane. These dual actions prevent the cellular damage that occurs during acute sepsis and/or aging. The SS peptides are currently being tested as a treatment for cytopathic hypoxia in the ICU.

Carnitine: A Multifunctional Anti-Inflammatory

Carnitine and its derivative acetyl L-carnitine (ALCAR) are amino acids that are essential in transporting fatty acids into the mitochondria to be burned for energy. Carnitine and ALCAR play a key role in maintaining mitochondrial energy production, which is critical in combating sepsis, MODS, and aging. To ensure that fats will be utilized for energy production in the cell, carnitine levels must be adequate.

Carnitine and ALCAR also protect the mitochondria through an antioxidant mechanism. Carnitine can also decrease the production of pro-inflammatory cytokines such as interleukin-1, interleukin-6, and tumor necrosis factor alpha. The depletion of carnitine results in a highly damaging, systemic inflammatory burst. Since the key to preventing accelerated aging and age-related diseases is controlling inflammation, carnitine and ALCAR are indispensable in achieving this goal.

Since both forms of carnitine aid in transportation of fats into the mitochondria to be used for energy production, they are important in my weight loss regimen described in chapter 3. Carnitine and ALCAR enhance the sensitivity of insulin receptors, helping to decrease blood sugar levels and levels of circulating insulin, necessary to any successful antiaging and weight loss program.

Co Q10

Another important antiaging nutrient that can be used to protect the mitochondria and treat MODS is coenzyme Q10, also known as ubiquinol. Co Q10 is found within the mitochondrial electron transport chain and assists in passing the electrons through the chain for the production of ATP, the energy storage and transfer molecule that is essential to life. Co Q10 is also a powerful antioxidant, used both topically and orally to prevent the clinical and physiological changes seen with aging and aging skin. It has been found effective in reducing the incidence of fine lines and wrinkles in the skin when used orally and/or topically.

Summary

Although extreme examples, cytopathic hypoxia and MODS can also be a model for aging. Aging is characterized by mitochondrial dysfunction, with a disruption in energy production that eventually leads to cell death by apoptosis. The aging cell is unable to use oxygen even when there is adequate oxygen being delivered to the tissue. Finding therapeutic agents that can protect the mitochondria is critical to all organ systems, including the skin. When these agents are taken orally, there is improved function in all vital organs, including the central nervous system or brain, where they can slow the loss of memory and the decline of problem-solving abilities. They are also critical in preventing the diseases of the cardiovascular system, the greatest cause of mortality in the aging population. When they are applied topically, the results are significant, reducing the classic signs of aging skin, including wrinkles, loss of contour and muscle tone, sagging, loss of radiance, enlarged pores, and discoloration.

You have learned that you can positively affect the way your cells function and you can intervene in the cell death associated with aging. In chapter 2, I will introduce you to exciting research that will demonstrate that you can manipulate the expression of your genes, turning off disease- and age-accelerating transcription factors and turning on those that fight age and disease. With the tools you will read about in Forever Young, you will be able to preserve and restore your vitality and youthful appearance with strategies that are based on the most up-to-date science.





Chapter Two
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INTRODUCTION TO NUTRIGENOMICS

A question often posed to me during lectures and public appearances is the following: “Dr. Perricone, isn’t it true that genetics play a huge role in my susceptibility to disease and signs of aging?”

Some people ask this question because they want to avoid taking responsibility for their health—assuming that, for good or ill, it is fixed in their genes like their height or their eye color.

As you will discover in this book, this is far from true. We have a great deal more control of our bodies than previously thought. There is an emerging field of study known as nutrigenomics. The word is a combination of nutrition and genomics. Together, they describe a field that focuses on the relationship between diet and gene expression. Nutrigenomic research investigates questions such as how food influences gene expression and how genes influence the way individuals absorb and metabolize different types of nutrients.

Using nutrigenomics, I will demonstrate how you can actually change the way genes are expressed and how that information is transmitted, simply by manipulating different aspects of your diet and lifestyle. For example, you know that by eating many of the foods included in my anti-inflammatory diet, you can:


	Switch on protective genes

	Switch off genes that may have a negative effect on our health






EPIGENETICS
YOU ARE WHAT YOUR GRANDMOTHER ATE!

In addition to altering gene expression with foods and nutrients, you can also alter the epigenome. Epigenome is derived from the Greek epi, which means “over” or “above,” so epigenomes are over and above genes. Epigenome refers to changes in gene expression caused by mechanisms other than changes in the underlying DNA sequence. This is accomplished when molecular tags attach directly to the DNA or to the proteins surrounding the DNA (histones). These molecular tags can be semipermanent and can even be passed on to the next generation.

This means that we can not only change the way our genes are expressed, but change those of our children and perhaps our grandchildren by eating the right foods and obtaining important nutritional factors. The incredibly good health we experience by eating the anti-inflammatory diet can now be conferred on our children and grandchildren. What better gift could we give to our children than the gift of health and vitality? And the good news is that there is no inheritance tax attached.

 





In this chapter we are going to introduce substances that turn off disease and age-accelerating transcription factors such as NFκB and AP-1 and turn on the age- and disease-fighting transcription factor NRF2. This not inconsiderable feat is accomplished by a class of exotic-sounding substances known as Michael acceptor pharmacophores. This process is one of the most fascinating and exciting aspects of my research during the past decade. The remarkably protective properties of Michael acceptor pharmacophores are one of our finest strategies for staying Forever Young. In addition, I will introduce you to phytonutrients with other pharmacophores, which act as powerful anti-inflammatories through similar mechanisms.

In many of my books, I have discussed transcription factors, the protein messengers in our cells that are activated or silenced by different stimuli. Upon activation, these transcription factors translocate to the nucleus of the cell, where they attach to receptor sites on the genes and upregulate, or turn on, their expression. Gene expression provides us with a new strategy to suppress pro-inflammatory genes. This is critical because, as you know, inflammation is the common denominator of all the problems we see with aging and age-related disease.

But research has shown us that it is not just the transcription factors that play a role in gene expression; we now know that nutrients can also affect gene expression in many ways. My research has revealed a number of novel compounds, naturally found in our diet, that can powerfully and positively affect gene expression.

When these nutrients upregulate gene expression, the following benefits result:

 


	Healthy body weight

	Resistance to cognitive decline

	Decreased incidence of cancer

	Prevention and reversal of insulin resistance and metabolic syndrome

	Maintenance of bone density

	
Optimal function of all vital organs, including the heart, kidney, spleen, and immune system

	Maintenance of muscle mass

	Well-functioning endocrine system that keeps us fit and sexually active into our later years

	Prevention and reduction of damage to the skin caused by aging and the environment



 

These lofty claims may sound unrealistic, but when it comes to nutrigenomics, the results are well documented.

Living Life to the Max

When scientists study longevity, they consider two parameters. The first is the average life span of a species, which in humans in the United States is about 78.2 years. The second is the maximum life span, the longest a member of that species has lived, which has remained at about 115 to 120 calendar years throughout recorded history, despite steady improvements in life expectancy. The longest unambiguously documented life span is that of Jeanne Calment of France (1875–1997), who died at age 122 years, 164 days.

When I first began studying the aging process several decades ago, I looked at various aging theories and interventions. At that time, there were no pharmacological therapies that could increase the maximum life span.

Many agents increased the average life span in animals, but maximum human life span extension appeared out of reach. A breakthrough came with the introduction of caloric restriction (CR). CR is one of the few documented dietary interventions that have been found to increase both the median and the maximum life span in a variety of species, among them yeast, fish, rodents, and dogs. Rats, mice, and hamsters, for example, experience better health and maximum life-span extension from a normal diet that contains 40 to 60 percent of the calories, but all of the required nutrients, that the animals consume when they can eat as much as they want.

CR studies have not been done with primates or humans because of the complexity of the cells and organ systems. We do not know if it would work. As I have told my patients, if you can force yourself to eat 60 percent less on a daily basis, you may not live to be 150, but it will seem that way.

Science has now discovered that the mechanism of life extension seen in CR results from the activation of a gene group affecting multiple factors that prolong life. Some of the factors regulated by this gene pool are:

 


	Blood glucose levels

	Lipid profiles

	Muscle mass

	Cognitive function

	Overall control of oxidative stress in the cells



 

We now know that CR activates protective genes and at the same time prevents the expression of negative genes that can result in cancer, diabetes, and obesity.

In this chapter, I am going to introduce some newer substances that I have been working with that promise to deliver many of the benefits of CR without its hardships and limitations.

One such substance is the phytonutrient resveratrol, the antioxidant found in red grapes and red wine. Resveratrol is the best-known member of a family of compounds called stilbenes, the general name for which is stilbene synthase (STS). Scientists are studying resveratrol because it seems to help express the same genes that are expressed during caloric restriction.

Activating the Longevity Factors

Thanks to my appearances on public television, Oprah, GMA, the Today show, and other popular venues, many people refer to me as the “Salmon and Blueberry Doctor.” It is true that wild salmon and blueberries held center stage in my first book, The Wrinkle Cure, in which I introduced the anti-inflammatory diet. There are many reasons for this. Salmon and the other cold-water fish are an outstanding source of high-quality protein; carotenoid antioxidants, like astaxanthin, which you will read about in chapter 4; and high levels of the omega-3s and other essential fats, all of which have powerful anti-inflammatory effects.

Roses Are Red, Violets Are Blue
(Thanks to the Anthocyanins)

Blueberries are also antioxidant powerhouses containing a variety of phytonutrients, including anthocyanins, from the Greek anthos, meaning “flower” plus kyanos, meaning “blue.” Anthocyanins may be the most important of the visible plant pigments, responsible for the reds, purples, and blues you see in plants that have strong antioxidant properties. They are found in such fruits as blueberries, blackberries, raspberries, black raspberries, black currants, açai, and chokeberry and vegetables including red cabbage, watercress, and eggplant. Anthocyanins provide many different functions for the plant. They are antioxidants, protect the plant against UV light, are a defense mechanism, and have an important role in pollination and reproduction. The purple pansy, for example, owes its color to anthocyanins, which attract insects to propagate the species.

As antioxidants, anthocyanins protect plants from free radicals produced by sunlight or damage to the plant. The ability of the anthocyanins to protect plants from free-radical damage can also benefit us when we eat foods that are rich in anthocyanins.

As mentioned earlier in this chapter, blueberries contain many powerful polyphenols that make them a true superfood, one that I have been recommending for decades. We know that they are rich in polyphenols such as the anthocyanins, which have many benefits, including the following.

 


	They have the ability to speed up neural communication. Blueberry-supplemented neurons have a better ability to communicate with each other.

	Catechins contained in blueberries prevent cell death and the loss of nerve growth factors.

	Blueberries increase the release of dopamine, an energizing, stimulatory neurotransmitter.

	Blueberries protect us from age-associated declines in dopamine levels, helping us to maintain youthful brain function.



 

Anthocyanins also possess a special form of stilbenes known as pterostilbene, which activates the genes that influence longevity factors. This is another reason choosing brightly colored fruits and vegetables is essential. The colors signify the presence of plant pigments, which do more than just add color to fruits, vegetables, and certain seafood. Colorful fruits and vegetables serve as the top dietary sources of disease-preventive phytonutrients and antiaging antioxidants. But, this is not the entire story. We now know that many of these phytonutrients also work through other mechanisms, specifically the expression of genes that can upregulate the natural protective mechanisms of our cells.

Superfoods and Spices for Beautiful Skin

I believe that foods have an extremely powerful effect on our physical and mental well-being. Functioning very much like pharmacological agents, foods can dramatically alter the biochemistry of cells, affecting both cell and organ function. Food is what provides the body with the nutrients needed for cellular growth and repair. As we age, cellular inflammation disrupts the cell’s normal biochemical functions, negatively affecting all organ systems. We know that the high-glycemic carbohydrates—sugars and starches—cause a rapid rise in blood sugar and insulin and generate an inflammatory response. In addition, synthetic foods like trans fats and other chemical additives disrupt cellular function by either increasing inflammation or functioning as toxins.

Inflammation and the Skin

The skin is eventually damaged by this chronic low-grade inflammation, which manifests in the classic signs of aging, including wrinkling, sagging, discoloration, enlarged pores, and lack of radiance. We long for a radiant, youthful complexion and try unsuccessfully to achieve this with a variety of cosmetics and potions that offer “hope in a jar” and not much else.

But there is good news. It has been shown that after only three days of the anti-inflammatory diet, skin looks significantly healthier, more radiant, and less wrinkled. And topical anti-inflammatories, many of them from food-sourced antioxidants, provide many visible benefits. We are now ready for the next generation of topical therapies, which rely on nutrigenomics and the marvel of gene expression.

Designer Genes for Flawless Skin

Food-based nutrients can alter gene expression. As a dermatologist, I have been delighted to learn that when these nutrients are applied topically, they can upregulate the expression of genes that decrease and/or prevent inflammation. By assisting the cells’ normal ability to repair themselves, these nutrients produce a more youthful appearance with positive, visible changes in a matter of days.




THE RAINBOW FOODS—
COLOR IS THE KEY TO GENE EXPRESSION

I have long encouraged my patients to shop for the “rainbow foods” in the produce aisle. A full palette of sensual color will not only make your food beautiful, it will heal your body on a cellular level and will keep you young. Choose from the array of fresh fruits and vegetables at the market or, even better, at a local farmers’ market:

 


	A variety of baby greens, including watercress and arugula

	Red cabbage

	Dark green broccoli, broccoli rabe, broccolini

	String beans

	Red onions and tomatoes

	Purple garlic

	Red, purple, and yellow bell peppers

	Bright red chile peppers

	Purple eggplant

	Alfalfa and broccoli sprouts

	Fragrant fresh herbs and spices, including basil, parsley, thyme, rosemary, sage, oregano, dill, cinnamon sticks, golden turmeric root, thyme

	Deep blue blueberries

	Brilliant blackberries

	Vivid red strawberries
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