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      “Fight Alzheimer’s with Vitamins and Antioxidants by Kedar Prasad, Ph.D., contains clinically and scientifically valid information presented in an easy-to-follow format that informs the reader about the value of vitamins, antioxidants, and micronutrients in preventing and/or slowing the symptoms of Alzheimer’s disease. It captures up-to-date scientific information on the pathology of Alzheimer’s disease and the state of its therapy and presents a straightforward argument on the values of vitamins and antioxidants.
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      PREFACE

      Why Should You Read This Book?

      Alzheimer’s disease, a progressive disorder that attacks the neurons in the brain, accounts for 60 to 80 percent of all dementia cases. Although it typically affects older individuals, it also can affect younger people carrying mutated genes; indeed up to 5 percent of individuals afflicted with Alzheimer’s disease have what is known as “early onset Alzheimer’s,” which can present with symptomatology when individuals are in their 40s or 50s. This is due to a familial Alzheimer’s in which mutations in certain genes cause the onset of this disease earlier. Symptoms of Alzheimer’s disease may include memory loss, a decrease in problem-solving abilities, difficulty completing ordinary chores and tasks, confusion, depression, spatial disorientation, difficulty speaking or writing, losing things, poor judgment, social withdrawal, and mood changes.

      Alzheimer’s disease remains a major medical concern in the United States, given that it strikes primarily older people (age sixty-five and over). This demographic is expected to increase from about 40.2 million in 2010 to about 89 million by the year 2050 (U.S. Census Bureau, 2010). Consequently, this disease will create huge health problems and be a burden on society in terms of the cost of its management.

      At present, there is no adequate strategy for the prevention of Alzheimer’s disease, and its treatment options remain unsatisfactory. In this book I propose a unified hypothesis that increased oxidative stress and chronic inflammation are primarily responsible for the initiation and progression of this disease. Therefore, mitigating oxidative stress and chronic inflammation appears to be a logical solution to reduce the disease’s development and progression. The proposed strategy, in combination with standard therapy, may improve management outcomes more than just utilizing standard therapy alone.

      In order to reduce oxidative stress and chronic inflammation, it’s essential to increase the body’s levels of all antioxidant enzymes and all standard dietary and endogenous antioxidants.*1 This goal cannot be achieved by the use of the one or two antioxidants that have been used in clinical studies for the prevention or treatment of in some neurodegenerative diseases in humans. Therefore, I have proposed that a preparation of micronutrients containing multiple dietary and endogenous antioxidants, B vitamins with high doses of vitamin B3 (nicotinamide), vitamin D, selenium, and certain polyphenolic compounds (curcumin and resveratrol) should be employed in clinical studies for reducing the risk of development and progression of Alzheimer’s disease. These micronutrients are capable of increasing the levels of all antioxidant enzymes by activating a nuclear transcriptional factor-2/antioxidant response element (Nrf2/ARE) pathway, as well as by enhancing the levels of standard dietary and endogenous antioxidants.

      Most neurologists believe that antioxidants and vitamins have no significant role to play in the prevention or the improved management of Alzheimer’s disease. These beliefs are primarily based on a few clinical studies in which supplementation with a single antioxidant, such as vitamin E, produced modest beneficial effects or no effect. However, the brains of patients with a neurodegenerative disease such as Alzheimer’s may be a characterized by a high oxidative environment. Therefore, the administration of a single antioxidant should not be expected to produce any significant beneficial effect. This is because an individual antioxidant in the presence of a highly oxidative environment may be oxidized to act as a pro-oxidant rather than an antioxidant. Coupled with this is the fact that levels of the oxidized form of the antioxidant may increase after the prolonged consumption of the single antioxidant. This increase can damage brain cells. In addition, a single antioxidant can’t enhance the levels of antioxidant enzymes as well as the levels of dietary and endogenous antioxidants.

      In peer-reviewed journals I have published several reviews that challenge the current trend of using a single antioxidant for the prevention and/or management of neurodegenerative diseases in high-risk populations. These articles have failed to have any significant impact on the design of clinical trials, however, and the inconsistent results of the effects of a single antioxidant continue to be published. And although some books on neurodegenerative diseases and their causes and symptoms are available, none of them have critically analyzed the published data on the effects of antioxidants on neurodegenerative diseases. Nor have they questioned whether the experimental designs of the study on which the conclusions were based were scientifically valid; whether the results obtained from the use of a single antioxidant in a high-risk population may be extrapolated to the effect of the same antioxidant in a multiple antioxidant preparation for the same population; or whether the results of studies obtained on high-risk populations can be extrapolated to normal populations.

      The growing controversies regarding the value of multiple micronutrients in the prevention and improved management of neurodegenerative diseases need to be addressed, and new solutions need to be proposed. This book articulates the reasons for the controversies mentioned above and proposes evidence and scientifically based, rational solutions for the prevention and improved management of Alzheimer’s disease.

      To set us on the right track, we must first begin with clinical studies that utilize a preparation of various micronutrients, not just one or two. The validity of this expanded approach is supported by two recent clinical studies pertaining to other diseases. In contrast to previous studies in which supplementation with beta-carotene alone increased the risk of lung cancer among heavy tobacco smokers, two clinical studies utilizing a preparation of multiple antioxidants revealed a reduced incidence of cancer by 10 percent and an improved clinical outcome in patients with HIV/AIDS. These studies were published in the Journal of the American Medical Association (JAMA), a very prestigious medical journal.

      A comprehensive preparation of micronutrients containing multiple dietary and endogenous antioxidants, B vitamins, vitamin D, selenium, and certain polyphenolic compounds (curcumin and resveratrol) for the prevention and/or improved management of a neurodegenerative disease such as Alzheimer’s, in conjunction with standard therapy, has never been proposed.

      I have done so in this book.

      Herein I discuss oxidative stress and inflammation as well as the properties and function of antioxidants and certain phenolic compounds; the structure and function of the normal human brain; and the incidence, cost, and cause of Alzheimer’s disease. In so doing, in Table 7.1, I present a formulation of micronutrients containing multiple dietary and endogenous antioxidants and B vitamins, vitamin D, selenium, and certain polyphenolic compounds (curcumin and resveratrol) that may be helpful in the prevention and management of Alzheimer’s. These substances have been used by consumers for decades without reported toxicity.

      Also in the book, in the appendix, are tables that advise the reader as to recommended dosages of micronutrients for everyday health and well-being. I hope the information contained herein will serve as a guide to those who are interested in using micronutrients to reduce the risk of developing Alzheimer’s disease and/or retard its progression.

      Laboratory data suggests that even the genetic basis of neurological diseases can be prevented or delayed by micronutrient supplements. Primary care physicians and practicing neurologists interested in complementary medicine may discover that my findings are useful in recommending micronutrient supplements for their patients. Consumers who are taking daily supplements will find the information provided in this book encouraging. Those who are not taking supplements or are uncertain as to their potential benefits may find evidence to help them make a decision about whether or not to take micronutrient supplements daily, in consultation with their doctors.
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      The Enigma of Alzheimer’s Disease

      Alzheimer’s disease is a form of neurodegenerative disease characterized by the progressive loss of nerve cells from the cortex region of the brain. It is the main causative agent of memory loss (dementia), and it progresses slowly.*2 Individuals who are sixty-five years of age or older are at risk of developing Alzheimer’s disease; in the United States it is the sixth leading cause of death among people of this demographic. In 90 percent of cases the disease is acquired; only in 5 to 10 percent of cases is it inherited.

      When Alzheimer’s strikes the damaged neurons of the brain render memory less reliable. Cognitive thinking, language skills, and one’s judgment are negatively impacted, and behavioral changes in the individual suffering from the disease are apt to be noted. Those with the disease tend to live, on average, for another eight years after their symptoms have become apparent, although this range can be anywhere from four years to twenty years, depending on other factors.

      A diagnosis of Alzheimer’s disease is made by postmortem analysis of the brains of patients with dementia. A chief marker of Alzheimer’s disease is what is known as a neurofibrillary tangle (NFT), which is a conglomeration of proteins known as hyperphosphorylated tau protein and apolipoprotein E. Neurofibrillary tangles, found inside the nerve cells of the cortex region of the brain, are insoluble and are difficult to degrade by proteolytic enzymes. Senile (neuritic) plaques located outside of the nerve cells in the brain containing several proteins are also considered hallmarks of Alzheimer’s disease (Yankner and Mesulam 1991; Selkoe 1994; Kudo et al. 1994). Neuritic plaques are focal and spherical, and their size ranges from 20 to 200 microns in diameter. Activated microglia and astrocytes (markers of chronic inflammation) are present at the periphery of the plaques.

      When one has Alzheimer’s disease the synaptic connections between nerve cells are often lost. Interestingly, a study has shown that Lewy bodies—bundles of proteins that manifest inside nerve cells and are characteristic of Parkinson’s disease—are also present in the brains of approximately 60 percent of Alzheimer’s cases (Hamilton 2000).

      The mechanisms of the formation and dissolution of neurofibrillary tangles and plaques are under extensive investigation so that new drugs to improve treatment outcomes may be developed. Currently, there is no known cure for this puzzling disease. However, it’s my belief that increased oxidative stress and chronic inflammation are primarily responsible for its initiation and progression; therefore, attenuation of these biochemical defects may reduce the risk of development and progression of this disease and, in combination with standard therapy, improve the clinical outcomes.

      This chapter discusses briefly the history, prevalence/incidence, and cost of Alzheimer’s disease. We then move on to a general discussion of oxidative stress and chronic inflammation and examine how these processes affect the body so that we may better understand their role. In the next chapter we’ll explore the human brain, before returning, in chapter 3, to a deeper discussion of oxidative stress and inflammation as they pertain to the manifestation of Alzheimer’s disease.

      
        HISTORY, PREVALENCE/INCIDENCE, AND COST TO SOCIETY

        
          
            History
          
        

        Progressive memory loss (forgetfulness) has been known for centuries. Claudius Galen, a Roman physician who lived during the second century, described the age-related symptoms of absentmindedness. In the fourteenth century in England, a verbal test was utilized to evaluate one’s level of memory loss. In 1906 Dr. Alois Alzheimer, a German psychologist, cared for a fifty-one-year-old female who was suffering from severe memory loss associated with confusion. After her death he performed an autopsy on her brain and noted the presence of dense deposits (senile plaques*3) outside of its nerve cells, as well as twisted bands of fibers (neurofibrillary tangles) inside the nerve cells.

        Subsequently, Dr. Alzheimer’s colleague, Dr. Emil Kraepelin, coined the term “Alzheimer’s disease.” He was so impressed with Alzheimer’s research that he appointed him head of pathology at the Psychiatric Institute in Munich, Germany (now the Max Planck Institute). In 1960 neuroscientists discovered a link between memory loss and the presence of senile plaques and neurofibrillary tangles. Later, several biochemical and genetic defects that play a central role in the initiation and progression of Alzheimer’s disease were identified.

        
          
            Prevalence/Incidence
          
        

        The term “prevalence” in a medical context is a measurement of how many cases of a disease exist in the population at a given time frame, whereas “incidence” refers to the number of cases of a disease that develop every year. It’s estimated that in the United States, approximately 200,000 people under the age of sixty-five have Alzheimer’s disease (Alzheimer’s Disease Facts and Figures, Alzheimer’s Association 2013). In 2014 5.2 million people age sixty-five or older suffer from it as
well (3.2 million women and 1.8 million men). This represents 11 percent
of people age sixty-five or over. By 2050 it is estimated that about
16 million Americans may suffer from this disease, if no breakthrough
in prevention occurs. The incidence of Alzheimer’s and other types of
dementia (memory loss) doubles every five years for those individuals in
this group (age sixty-five or older).

        About 16 percent of women age seventy-one or older have
Alzheimer’s disease or another form of dementia, compared with only
11 percent of men in the same age group. This suggests that women
are more prone to develop Alzheimer’s than men. Additionally, approximately
30 percent of the U.S. population age eighty-five and older have
symptoms of this disease (Alzheimer’s Organization 2014).

        
          
            	
              INCIDENCE OF ALZHEIMER’S DISEASE*
            
          

          
            	
              Age (years)
            
            	
              New cases/year/1,000 people
            
          

          
            	65–74
            	53
          

          
            	75–84
            	173
          

          
            	85 or older
            	231
          

          
            	*From Alzheimer’s Disease Facts and Figures, Alzheimer’s 
		Association 2013
          

        

        According to a 2010 U.S. Census Bureau report, by 2030 one individual
in five will be over the age of sixty-five, and in 2050 the number
of Americans age sixty-five and older is projected to be 88.5 million.
Currently, there is no cure for Alzheimer’s. Consequently, in excess of
half a million seniors die each year from this disease. Thus, it remains
a major medical concern now as well as for future generations (U.S.
Census Bureau, U.S. Department of Commerce 2010).

        
          
            Cost to Society
          
        

        At this time Alzheimer’s disease is the most expensive disease 
in the United States. According to the U.S. Census Bureau, costs of the disease to society, in 2014, were projected to be an estimated $214 billion annually (please see the breakout below). By 2050 Alzheimer’s is expected to cost $1.2 trillion per year (Alzheimer’s Disease Facts and Figures, Alzheimer’s Association 2013).

        
          
            	
              COST OF HEALTH AND LONG-TERM CA RE SERVICES PER YEAR
            
          

          
            	Medicare
            	$113 billion
          

          
            	Medicaid
            	  $37 billion
          

          
            	Out-of-pocket costs
            	  $36 billion
          

          
            	Other sources: (HMOs, private insurance, managed care organizations, 
		and uncompensated care)
            	  $28 billion
          

          
            	
              Total
            
            	
              $214 billion
            
          

        

        Despite extensive research and the publication of thousands of research studies on the causes of Alzheimer’s, it has not been possible to reduce the incidence or the rate of progression of this disease. However, these studies have identified some biochemical and genetic defects that contribute to the death of nerve cells in the brain of Alzheimer’s patients. Among these defects increased oxidative-stress-induced damage is one of the earliest biochemical markers indicating a degeneration of the brain’s nerve cells (Prasad and Bondy, 2014).

        Oxidative stress occurs when free radicals overwhelm the protective antioxidant systems of the body. These systems are composed of antioxidant enzymes and dietary and endogenous antioxidant chemicals. Increased oxidative stress due to production of excessive amounts of free radicals derived from oxygen and nitrogen play a pivotal role in the development and progression of damage in neurodegenerative diseases such as Alzheimer’s disease and Parkinson’s disease. Other biochemical and genetic defects occur subsequent to increased oxidative stress. Together these combined factors participate in an escalating cascade to progress the development of Alzheimer’s in any given individual. Therefore, a basic understanding of oxidative stress and these other defects is essential for developing preventive and improved management strategies for Alzheimer’s disease.

        Before delving into that, however, let’s look at the human immune system and the very important part it plays.

      

      
        THE HUMAN IMMUNE SYSTEM

        The immune system is a network of cells, tissues, and organs that work together in a highly coordinated manner to defend the body against foreign invading pathogenic (harmful) organisms and antigenic molecules and particles. As such, the immune system is essential for our survival. It is, however, also a double-edged sword. On the one hand it acts in the aforementioned defensive capacity. On the other hand it has the ability to produce chemicals that are toxic to the tissues. These chemicals include reactive oxygen species (ROS), which are free radicals derived from oxygen. Other chemicals that may be toxic to the tissues are pro-inflammatory cytokines, complement proteins, adhesion molecules, and prostaglandins, all of which may increase the risk of chronic diseases, including neurodegenerative diseases.

        The organs of the immune system are located throughout the body and include lymphoid organs, which contain lymphocytes. Bone marrow is another important constituent of the body’s immune system. It contains all of the body’s blood cells, including lymphocytes. Thymus-derived lymphocytes are referred to as T-lymphocytes (T-cells). In the blood T-cells represent about 60 to 70 percent of peripheral lymphocytes.

        Lymphocytes derived from bone marrow are referred to as B-lymphocytes (B-cells). They constitute about 10 to 20 percent of peripheral lymphocytes in the blood. B-cells mature to plasma cells, which secrete specific antibodies in response to a particular antigen.

        Another type of cell that is germane to our discussion here is the neutrophil, which is formed from stem cells in the bone marrow. Likewise, macrophages are derived from monocytes of bone marrow and are part of the mononuclear phagocyte system. Macrophages exhibit phagocytic activity, which is essential for removing harmful organisms from the body. Macrophages and neutrophils are the most active in phagocytosis, following infection with pathogenic microorganisms.

        Other types of cells play important roles, too. Natural killer (NK) cells represent about 10 to 15 percent of the peripheral blood lymphocytes but lack T-cell receptors. Like macrophages, they identify and kill harmful microorganisms by phagocytosis. Natural killer cells engulf pathogens that are trapped in an intracellular vesicle called a phagosome, which fuses with lysosomes to form phagolysosomes. The harmful organisms are killed by proteolytic enzymes (enzymes that can digest) of the lysosomes, aided by bursts of reactive oxygen species released by the phagocytes. Natural killer cells can kill tumor cells or cells infected with viruses.

        A specialized form of cells with numerous fine dendritic cytoplasmic processes, called dendritic cells, do not exhibit phagocytic activity. Nevertheless, they play an important role in presenting antigen to T-cells.

        Now that we understand a bit more about the components of a healthy immune system, let’s take a look at the two basic modalities of immunity: innate immunity and adaptive immunity.

        
          
            Innate Immunity
          
        

        The innate immune defense is nonspecific and is the dominant system of host defense (Litman, Cannon, and Dishaw 2005). The innate immune system responds to infection by inducing inflammation, releasing complement proteins, and recruiting leukocytes. Leukocytes include the phagocytes (primarily macrophages and neutrophils), dendritic cells, mast cells, eosinophils, basophils, and natural killer cells (some of which are discussed above). The response of the innate immune system to infection is activated when microorganisms are identified by their pattern of recognition receptors or when damaged cells send signals to the immune system in order that a defensive response is generated (Medzhitov 2007; Matzinger 2002). The innate immune responses do not confer long-lasting immunity against pathogenic organisms.

        
          
            Adaptive Immunity
          
        

        Adaptive immunity operates differently in that the lymphocytes (T-cells and B-cells) are responsible for the adaptive immune response. In adaptive immunity the presence of endogenous antigens can initiate an immune response that damages the body’s own tissue, as in the case of rheumatoid arthritis, for instance. The immune system, once exposed to an antigen that it then successfully removes, stores the recognition factor of this antigen in its memory. Thus, during the lifetime of an individual, the immune system stores recognition factors of millions of different antigens, thereby protecting the body from these antigens all the time. This process of exposure to an antigen and then successfully removing it is generally referred to as “acquired immunity”—a form of adaptive immunity. As such, acquired immunity is the basis of vaccination.

        The adaptive response to an antigen is strong. Its function is to store and recall immunologic memory in order to recognize and eliminate threatening antigens on a continual basis.

        Both T-cells and B-cells carry receptors that recognize specific targets. T-cells can recognize only membrane-bound antigens, however. The cell surface major histocompatibility complex (MHC) molecules bind peptide fragments of foreign proteins for presentation to appropriate antigen-specific T-cells. There are two major subtypes of T-cells: the killer T-cells and the helper T-cells. The killer T-cells can recognize antigens bound to Class I MHC molecules, whereas the helper cells recognize antigens bound to Class II MHC molecules. A minor subtype of T-cells are the Î³Î´ T-cells, which recognize intact antigens that are not bound to MHC receptors.

        In contrast to the T-cell the surface of the B-cell has an antibody molecule for a specific antigen. The antibody molecules recognize whole harmful organisms and do not need any antigen-presenting mechanisms for their action. Each lineage of B-cell expresses a different antibody. A B-cell first identifies pathogens (harmful microorganisms) when an antibody on its surface binds to a specific foreign antigen. This antibody/antigen complex is engulfed by the B-cell, where it is converted into peptides by proteolytic enzymes. On their surface the B-cells then display antigenic peptides and Class II MHC molecules that attract matching T-helper cells, which release lymphokines and activate B-cells.

        The activated B-cells proliferate and differentiate to plasma cells that secrete millions of copies of the antibody that recognize this antigen. These antibodies circulate in the blood and the lymph and bind to pathogens expressing this particular antigen. These antibody/antigenbound pathogens are destroyed by complement protein activation or by phagocytes. Antibodies can also neutralize bacterial toxins by directly binding to them. They kill bacteria and viruses by interfering with their receptors, which are used to infect cells.

      

      
        DAMAGING PROCESSES AND AGENTS IN THE BODY

        Now that we understand a little something about the human immune system, let’s look at agents and processes that damage the body. Oxidative stress is at the top of the list, and because of this we’ll look at it first. In this we will briefly discuss how oxidative stress is precipitated by free radicals and the types and sources of those free radicals. We will also look at the process of inflammation. These issues are huge and complex, but I’ve attempted to describe them in simple and general terms here.

        
          
            Oxidative Stress
          
        

        Oxidative stress is a process that transpires when our protective antioxidant systems are eclipsed by an excessive production of free radicals derived from oxygen. Similarly, nitrosylative stress occurs when the generation of reactive nitrogen species exceeds the ability of the body’s antioxidant defense system to neutralize them. Ongoing increases in oxidative and nitrosylative stress have been implicated in the initiation and progression of most chronic diseases*4 in humans wherein our protective antioxidant system has been breached and overwhelmed.

        Let’s backtrack through history for a moment to shed some light on the origins of the protective antioxidant system in the human body. At the dawn of time Earth’s atmosphere had no oxygen. Tiny anaerobic organisms, which can live without oxygen, were thriving. About 2.5 billion years ago blue-green algae in the ocean acquired the ability to split water (H2O) into hydrogen (H) and oxygen (O2). This chemical reaction initiated the release of oxygen into the atmosphere. Owing to oxygen’s toxicity, which was probably generated by free radicals, the increased levels of atmospheric oxygen led to the extinction of many anaerobic organisms.

        This important atmospheric chemical event forced anaerobic organisms to acquire antioxidant systems to protect against damage produced by free radicals. Those that succeeded in developing protective antioxidant systems survived and ultimately evolved into multicellular organisms, including humans, who utilize oxygen for survival. Today, the amount of oxygen in dry air is about 21 percent; in water it is approximately 34 percent. We humans today have complex antioxidant systems that protect us from free radical damage. This antioxidant system, together with our immune system, protects us against toxic products of inflammation as well as from the release of glutamate. Glutamate is a neurotransmitter that kills neurons by excitotoxicity. Thus, it is detrimental to the brain.

        Antioxidant systems in humans consist of two different components: antioxidant enzymes on the one hand, and dietary and endogenous antioxidant chemicals on the other. The first group includes glutathione peroxidase, catalase, and superoxide dismutase (SOD). The second group includes vitamin A, carotenoids, vitamin C, vitamin E, glutathione, alpha-lipoic acid, coenzyme Q10, L-carnitine, and polyphenolic compounds that are derived from plants, fruits, and vegetables. Antioxidant enzymes destroy free radicals by catalysis (the process of converting free radicals into nontoxic chemicals), whereas antioxidant chemicals destroy free radicals by scavenging them directly. Elevated levels of both components of the antioxidant system are essential for reducing oxidative stress optimally.

        
          
            Free Radicals
          
        

        Free radicals are atoms, molecules, or ions with unpaired electrons, which makes them highly reactive. Free radicals can damage deoxyribonucleic acid (DNA), ribonucleic acid (RNA), proteins, carbohydrates, and membranes. But these reactive oxygen species (ROS) also participate in cell-signaling systems that regulate growth, differentiation, and apoptosis of cells during the development and growth of humans.

        The half-lives of free radicals vary from 10-9 seconds to days. This means that most are quickly destroyed after causing damage. For example, the half-life of hydroxyl free radicals is 10-9 seconds, superoxide anion’s half-life is 10-5 seconds, and lipid peroxyl free radicals’ half-life is 7 seconds. The half-life of nitric oxide is about one second, whereas the half-life of hydrogen peroxide is minutes. The half-life of semiquinone free radicals is days, and the half-lives of some organic free radicals are several days.

        Free radicals can damage cells, but as mentioned above they also play an important role in the regulation of certain biochemical processes and the gene expressions necessary for our survival. Free radicals can be derived from oxygen as well as from nitrogen. In 1900 the first organic free radical, triphenylmethyl radical, was identified by Moses Gomberg of the University of Michigan. Free radicals are symbolized by a dot “•”.

        
          
            Types of Free Radicals
          
        

        Several different types of free radicals derived from oxygen and nitrogen are generated in the body. The oxygen-derived free radicals include hydroxyl radical (OH•), peroxyl radical (ROO•), alkoxyl radical (RO•), phenoxyl and semiquinone radicals (ArO•, HO-Ar-O•), and superoxide radical (O•−2). The nitrogen-derived free radicals include, NO, •ONOO−(peroxynitrite), and •NO2.

        In addition to free radicals there are several oxidizing agents that are formed in the body. They include peroxynitrite, hydrogen peroxide, and lipid peroxide, all of which are very damaging to the cells.

        Other radical species can also be formed by biological reactions in the body. For example, phenolic and other aromatic radical species can be formed during the metabolism of xenobiotic agents (agents that are foreign to the body). Furthermore, any antioxidant, when oxidized, can act as a free radical.

        
          
            Sources of Free Radicals
          
        

        The mechanism of free radical generation is very complex; therefore, it will be discussed in general terms here. Mitochondria are elongated membranous structures present in all cells in varying numbers; they use oxygen to produce energy. Most free radicals are produced in the mitochondria during energy generation, but some free radicals are also produced in the cytoplasm. During the process of generating energy, superoxide anions, hydroxyl radicals, and hydrogen peroxide are produced as by-products. It is estimated that approximately 2 percent of the oxygen consumed by the mitochondria remains partially unused. This unused oxygen leaks out of the mitochondria, thereby generating about 20 billion molecules of superoxide anions and hydrogen peroxide per cell per day.

        During a bacterial or viral infection, phagocytic cells are activated. This activation generates high levels of nitric oxide, superoxide anions, and hydrogen peroxide within the infected cells in order that the infective agents are killed. An excessive production of free radicals by phagocytes can also damage normal cells and thereby can increase the risk that acute and/or chronic disease will develop.

        It should also be noted that during the oxidative metabolism of fatty acids and other molecules in the body, free radicals are produced. Certain habits, such as the smoking of tobacco and the ingestion of some trace minerals such as free iron, copper, or manganese taken alone, can also increase the rate of production of free radicals in the body. Thus, the human body is exposed to different types and varying levels of free radicals on a daily basis.

        
          
            The Formation of Free Radicals Derived from Oxygen and Nitrogen
          

          The formative process of some reactive oxygen species (ROS: free radicals derived from oxygen) is described below.

          When molecular oxygen (O2) acquires an electron, the superoxide anion (O2 •−) is formed:

          O2 + e− = O2 •−

          Superoxide dismutase (SOD) and H+ can react with O2 •− to form hydrogen peroxide (H2O2):

          2O2 •− + 2H+ plus SOD → H2O2 + O2

          O2 •− + H+ → HO2 • (hydroperoxy radical)

          2HO2 • → H2O2 + O2

          Ferric and ferrous forms of iron can react with superoxide anion and hydrogen peroxide to produce molecular oxygen (O2) and hydroxyl radicals (OH•), respectively:

          Fe3+ + O2 •− → Fe2+ + O2

          Fe2+ + H2O2 → Fe3+ + OH• + OH− (Fenton reaction)

          Hydroxyl radicals can also be formed from superoxide anion by the Haber-Weiss reaction:

          O2 •− + H2O2 → O2 + OH−+ OH•

          Both the Fenton and Haber-Weiss reactions require a transition metal such as copper or iron. Among ROS, OH• is the most damaging free radical and is very short-lived.

          Hydroxyl radicals are very reactive with a variety of organic compounds, leading to the production of more radical compounds:

          RH (organic compound) + OH• → R• (organic radical) + H2O

          R• + O2 → RO2 • (peroxyl radical)

          For example, the DNA radical can be generated by reaction with a hydroxyl radical, and this can lead to a break in the DNA strand.

          Catalase detoxifies hydrogen peroxide to form water and molecular oxygen:

          H2O2 + catalase → H2O and O2

          Reactive nitrogen species (RNS: free radicals derived from nitrogen) are represented by nitric oxide (NO•). NO is synthesized by the enzyme nitric oxide synthase from L-arginine. NO• can combine with superoxide anion to form peroxynitrite, a powerful oxidant.

          NO•+ O2 •− → ONOO− (peroxynitrite)

          When protonated (likely at physiological pH), peroxynitrite spontaneously decomposes to reactive nitric dioxide and hydroxyl radicals:

          ONOO− + H+ → •NO2 + OH•

          Superoxide dismutase (SOD) can also enhance the peroxynitritemediated nitration of tyrosine residues on critical proteins, presumably via species similar to the nitronium cation (NO2+):

          ONOO− plus SOD → NO2+ → Nitration of tyrosine

        

        
          
            The Processes of Oxidation and Reduction
          
        

        To fully comprehend the role of free radicals and antioxidants in the human body, it’s important to grasp the relationship between the oxidation and reduction processes that are constantly taking place in the body.

        
          
            Oxidation
          
        

        Oxidation is a process wherein an atom or molecule gains oxygen or loses hydrogen or an electron. For example, carbon gains oxygen during oxidation and becomes carbon dioxide. Another example: A superoxide radical loses an electron during oxidation and becomes oxygen. Thus, an oxidizing agent is a molecule or atom that changes another chemical by adding oxygen to it or by removing an electron or hydrogen from it. Examples of oxidizing agents are free radicals, ozone, and ionizing radiation.

        
          
            Reduction
          
        

        Reduction is a process whereby an atom or molecule loses oxygen or gains hydrogen or an electron. For example, carbon dioxide loses oxygen and becomes carbon monoxide; carbon gains hydrogen and becomes methane; and oxygen gains an electron and becomes superoxide anion. Thus, a reducing agent is a molecule or atom that changes another chemical by removing oxygen from it or by adding an electron or hydrogen to it.

        All antioxidants can be considered reducing agents. If there are more reduction processes taking place in the human body than oxidation processes, the body is apt to be maintained in a state of health. If, however, there are more oxidation processes than reduction processes transpiring, cellular injury, and eventually chronic neurodegenerative diseases such as Alzheimer’s and Parkinson’s, may develop.

        
          
            Inflammation
          
        

        Inflammation is a complex biological response initiated by the immune system, and as such it is one of the first responses of the immune system to infection. Inflammation in Latin is referred to as inflammare, or “setting on fire.” When it occurs injured or infected cells release eicosanoids, cytokines, growth factors, and cytotoxic factors. These cytokines and other chemicals recruit immune cells to the site of infection so that the invading harmful organism can be eliminated and healing of the injured tissue can take place (Martin and Leibovich 2005). These recruited immune cells include white blood cells (leukocytes, macrophages, monocytes, lymphocytes, and plasma cells).

        In the healing process injured tissue is replaced by a regeneration of native parenchymal cells (original cell type) or by the filling in of the injured site with fibroblastic tissue (scarring) or, most commonly, by a combination of both processes.

        The primary features of inflammation at the affected site include redness and swelling. The site may also be warm to the touch and the afflicted individual may experience varying degrees of pain. These characteristics of inflammation were first recognized by Roman physician Cornelius Celsus (circa 30 BCE to 45 CE).

        
          
            Types of Inflammation
          
        

        Inflammation is divided into two categories: acute and chronic.

        Acute inflammation occurs following cellular injury or infection by microorganisms. The period of acute inflammation is relatively short, typically lasting from a few minutes to a few days. The main features of acute inflammation are edema (an accumulation of exuded fluid and plasma in extracellular spaces) and the migration of leukocytes—primarily neutrophils—to the site of injury. Acute inflammation causes marked alterations in the blood vessels and invites inflammatory cells such as leukocytes to the site of injury. Subsequently, the leukocytes migrate to the site of injury by a process called chemotaxis. Leukocytes engulf pathogenic organisms by phagocytosis and kill them by generating bursts of reactive oxygen species and other toxic substances. Leukocytes can also engulf cellular debris and foreign antigens by a similar process and then degrade them with lysosomal proteolytic enzymes. Leukocytes may also release excessive amounts of reactive oxygen species, pro-inflammatory cytokines, prostaglandins, adhesion molecules, and complement proteins, which can damage normal tissue.

        An acute inflammatory reaction is tightly regulated and turned off soon after the injured sites are healed or the invading microbes removed. It is an absolutely essential process for removing both pathogens and cellular debris from the damaged site, thus allowing healing to occur. Acute inflammation, however, is effective only when the injurious stimuli or tissue damage is relatively mild. If the tissue damage is extensive or the levels of infective organisms are high, acute inflammatory reactions are not tuned off. Consequently the toxic products of these reactions can accelerate the rate of damage, which may result in organ failure and eventually even death.

        Chronic inflammation occurs following persistent cellular injury or infection. The period of chronic inflammation is relatively lengthy and may last as long as the injury or infection exists. Persistent low-grade cellular injury, exposure to exogenous agents such as particulate silica, or infection can initiate chronic inflammation. Chronic inflammation is associated with most human neurodegenerative diseases such as Alzheimer’s and Parkinson’s, as well as mild traumatic brain injury (also called concussive injury) and post-traumatic stress disorders (PTSD).

        In contrast to acute inflammation, which is characterized by vascular changes, edema, and primarily neutrophil infiltration, chronic inflammation is characterized by the presence of mononuclear cells. These mononuclear cells include macrophages, lymphocytes, and plasma cells. In the brain microglia cells, which represent inflammatory cells, become activated and migrate to the site of injury. During chronic inflammation the presence of angiogenesis and fibrosis can be observed at the site of injury.

        
          
            Products of Inflammatory Reactions
          
        

        As we know during inflammation several highly reactive agents are released. They may include cytokines, complement proteins, arachidonic acid (AA) metabolites, and endothelial/leukocyte adhesion molecules. They are briefly described below.

        Cytokines are proteins released during both acute and chronic inflammation. They are produced by many cell types, primarily by activated lymphocytes and macrophages, but also by endothelium, epithelium, and connective tissue cells. In the brain cytokines are produced primarily by microglia cells, although some are produced by neurons. Pro-inflammatory cytokines include interleukin-6 (IL-6), IL-17, IL-18, IL-23, and tumor necrosis factor-alpha (TNF-alpha). These are all toxic to the cells. Anti-inflammatory cytokines also exist. They include IL-1, IL-4, IL-10, IL-11, and IL-13; they help in tissue repair at the site of injury.

        If the tissue damage is severe, the pro-inflammatory cytokines may eclipse the repair function of the anti-inflammatory cytokines, thus participating in the progression of damage. Some pro-inflammatory cytokines such as IL-6 can also act as a neurotrophic factor. This means that it functions as a pro-inflammatory cytokine during the acute phase of injury and as a neurotrophic factor between the subacute and chronic phases of injury.

        Cytokines are multifunctional, and individual cytokines may have both positive and negative regulatory actions. They also play an important role in modulating the functions of many other cell types. Cytokines mediate their action by binding to specific receptors on target cells. These receptors are regulated by exogenous and endogenous signals. Cytokines that regulate lymphocyte activation, growth, and differentiation include IL-2 and IL-4 (which favors growth), as well as IL-10 and transforming growth factor-beta (TGF-beta), which are negative regulators of immune responses. Cytokines involved with natural immunity include tumor necrosis factor-alpha (TNF-alpha), IL-1Beta, type I interferon (IFN-alpha and IFN-beta), and IL-6. Cytokines that activate inflammatory cells such as macrophages include IFN-gamma, TNF-alpha, TNF-beta, IL-5, IL-10, and IL-12. Cytokines that stimulate hematopoiesis (growth and differentiation of immature leukocytes) include IL-3, IL-7, c-kit ligand, granulocyte-macrophage colony-stimulating factor (GM-CSF), macrophage colony-stimulating factor (M-CSF), granulocyte CSF, and stem cell factor.

        Chemokines are cytokines that stimulate leukocyte movement and direct them to the site of injury during inflammation. Many classical growth factors may also act as cytokines, and conversely, many cytokines exhibit activities of growth factors.

        Complement Proteins: During inflammation twenty complement proteins, including their cleavage (degradation) products are released into the plasma. These proteins are the major humoral components of the innate immune response (Rus, Cudrici, and Niculescu 2005). When activated they can cause cell lysis (death) and exhibit proteolytic activity. They participate in both innate and adaptive immunity for protection against pathogenic organisms. Complement proteins are numbered C1 through C9, each of which has complex mechanisms of action on cells. Some of the complement proteins are also neurotoxic.

        Arachidonic Acid (AA) Metabolites: Arachidonic acid is a 20-carbon fatty acid derived from dietary sources or formed from linoleic acid, which is an essential fatty acid. During inflammation AA metabolites (or eicosanoids) are released. These eicosanoids have diverse biological actions depending upon the cell type. The eicosanoids are synthesized by two major classes of enzymes: cyclooxygenase (COX) for the synthesis of prostaglandins and thromboxanes, and lipooxygenase for the synthesis of leukotrienes and lipoxins. There are two isoforms of cyclooxygenase: COX1 and COX2.

        Endothelial/Leukocyte Adhesion Molecules: The immunoglobulin family molecules include two endothelial adhesion molecules: intracellular adhesion molecule-1 (ICAM-1) and vascular adhesion molecule-1 (VCAM-1). These adhesion molecules bind with leukocyte receptor integrins. They are induced by IL-1 and TNF-alpha. Both ICAM-1 and VCAM-1 are released during inflammatory reactions and have a diverse mechanism of action on cells.
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