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Mitochondrial respiratory chain 

· Location: Inner mitochondrial membrane 

· Composition 

· > 80 peptides organized in 5 enzymatic complexes (I-V) 

· Electron shuttle molecules: Coenzyme Q (CoQ); Cytochrome c (Cyt c) 

· Overall actions: Produces ATP from the reduction of oxygen to generate energy for cellular function 

· Pathway 

· Receives electrons generated by donors in intermediary metabolism 

· Electrons sequentially transferred through redox groups to final acceptor, oxygen 

· Free energy generated: Used to pump protons from mitochondrial matrix to intermembrane space 

· Generates electrochemical gradient across inner mitochondrial membrane 

· Protein flux back into mitochondrial matrix through Complex V is coupled to ATP synthesis 

· See: Animated diagram of proton pump & ATP synthesis 

Other mitochondrial functions 

· Beta oxidation of fatty acids 

· Biosynthesis: Pyrimidines; Amino acids; Phospholipids; Nucleotides; Heme 


From: Majid Ali MD

THE MIGHTY MITOCHONDRIA

    Mitochondria are tiny sausage-shaped bits of tissue that float in the cell sap. There are a zillion of these tiny powerhouses in the body. As sources of cellular energy, mitochondria were recognized almost one hundred years ago. In the past, these cellular organelles were of interest only to the students of biology. The pandemic of the chronic fatigue syndrome, it seems to me, will change this. People who suffer from persistent and disabling fatigue are not interested in one more diagnostic label from their physicians. They want a deeper understanding of this problem. Some of my colleagues are waiting for wonder drugs that will cure this syndrome. My clinical experience with this problem leads me to think otherwise. It is only through a clear understanding that we can reverse chronic fatigue and restore health. I discuss this subject in detail in the companion volume The Canary and Chronic Fatigue. 

    Mitochondria are present in all eukaryotic cells (all living cells except bacteria, viruses and blue-green algae, none of which contains any nuclei), and play a central role in sustaining aerobic (oxygen-dependent) cellular energy functions. 

    MITOCHONDRIA: THE ENERGY CAPSULES

    Mitochondria look and function like "tiny energy capsules." These energy capsules have an inner core substance (matrix) and two coverings (membranes). The outer membrane is smooth in surface, is about 50% lipids and carries specific enzymes including monoamine oxidase enzymes that oxidize and degrade stress hormones (adrenaline and related catecholamines and other molecules such as lactic acid). Anxiety and panic molecules, I might add, are predominantly the same. The inner membrane of mitochondria is about 20% lipid and 80% protein. It has folds called cristae and carries ATPase, which is the principal energy enzyme, and cytochrome enzymes, which are the principal enzymes involved in detoxification. The major cytochrome enzymes are designated as cytochrome P-450 enzymes and are named b, c, c1, a, a3 enzymes. 

    The matrix of mitochondria carries most of the respiratory enzymes of the citric acid cycle that are involved in the breakdown of sugars, proteins and fats for energy generation.

    Cells that require the most energy contain the most energy generating mitochondria. The cells of the brain, the skeletal muscle and heart muscle, and the eye contain the highest number of mitochondria (as many as 10,000 per cell) while the skin cells, which do not require much energy, contain only a few hundred of them.

ATP: THE ENERGY MOLECULE

    The principal energy molecule in the human body is adenosine triphosphate (ATP). 

    ATP molecules are produced in the cells by the oxidation of carbohydrates, proteins and fats. The enzyme systems involved in this process are collectively called cellular respiratory and oxidative phosphorylation systems. These enzyme systems are contained in the mitochondria. The energy carried by ATP molecules is used or stored depending on the needs of the body. These processes are regulated by several factors including the efficiency of enzymes, the extent of enzyme inactivation by intracellular enzyme poisons and the metabolic needs of the cells at the time. 

NATURE AT ITS SUBLIME MAN AT HIS MOST RIDICULOUS

    Nature is at its sublime when we reflect on mitochondria. Man is at his most ridiculous when I reflect on chronic fatigue syndrome. 

    Mitochondria control their own destiny. Nature, it seems, planned to preserve mitochondria even when the cell that houses them incurs serious damage. How did nature choose to create special protection for mitochondria? It gave them their own DNA that controls their structure, function and survival. It has been estimated that approximately one trillion cells and over a quadrillion mitochondria replicate every few weeks. It is easy to see the enormous potential for errors in formation of mitochondria. Indeed, mutations involving mitochondria indeed occur with high frequency. Normally, such mutations do not cause significant energy disorder and fatigue. Such is the state of perfection endowed to mitochondria by nature.

    Enter man at his most ridiculous. We have brought upon ourselves chemical and electromagnetic avalanches. We have polluted our air. We have poisoned our water. We have contaminated our food with pesticides and fungicides. We stuff the guts of our babies with antibiotics before they have any chance of developing strong bowel ecology. I reiterate here what I wrote before: Human molecular defenses exist as plants rooted in the soil of the bowel contents. Antibiotics are designer killer molecules, and so are pesticides. These are powerful oxidant molecules. earth's atmosphere is basically an oxidant environment. With our synthetic chemicals, we have enormously increased the oxidant potential of earth's atmosphere. 

    Poor darlings, our mitochondria! They are no match for man's ingenuity and capacity for destruction. 

INJURED MITOCHONDRIA CAUSE CHRONIC FATIGUE

    I consider this the essence of the pervasive problem of chronic fatigue. The injured mitochondria mutate at much higher rates. Damaged mitochondria are exhausted mitochondria. Exhausted mitochondria cannot produce sufficient ATP molecules. An insufficient supply of ATP molecules means insufficient energy. Insufficient molecular energy means clinical chronic fatigue. Chronic fatigue syndrome is nothing but a diagnostic label that we physicians love to invent to hide our ignorance. This also explains my opinion that there will never be a drug answer to chronic fatigue. The true answer is in restoring mitochondrial health, with nutrients, with environmental control and environmental therapies, with self-regulation and with physical fitness. 

THE STATE OF CHRONIC FATIGUE IS A STATE OF ACCELERATED OXIDATIVE MOLECULAR INJURY

    My colleagues and I are conducting several research studies with our patients who suffer disabling chronic fatigue. In one series of consecutive one hundred patients, we found mold allergy caused by IgE antibodies in all cases. About 80% of patients gave histories of extensive antibiotic therapy. About one quarter of them had elevated blood levels of toxic metals such as aluminum, mercury, lead, nickel and others. Many subjects in this study suffered from unusual degrees of stress before they developed a state of chronic fatigue. Viral and bacterial infections in most cases seemed to play only contributory roles. Most of our patients respond well to our nondrug nutritional, environmental and other therapies and are able to regain most of their energy. The exceptions to this are some patients with devastating chemical sensitivity, very high levels of stress arising from extenuating personal life circumstances, and very high blood levels of antibodies to Epstein Barr virus and some other viruses. Our treatment protocols, of course, are directed to reducing or eliminating the oxidative molecular stress in the chronic fatigue state. My fairly extensive clinical and research experience with chronic fatigue leads me to conclude that it is a state of accelerated oxidative molecular injury.

THREE FIBRO FURIES
I call oxidosis, dysoxygenosis, and acidosis the three furies of fibromyalgia ("the fibro furies") after the three evil Furies of Greek mythology. Like the Greek Furies, each fibro fury has a killing mission. Each is unrelenting in its pursuit. Each fury fans the flames of the other two furies. Thus, oxidosis, once begun, takes on a life of its own. Whether triggered by metabolic, microbial, or man-made oxidants, oxidosis not only fans its own flames, it awakens the other two fibro furies (dysoxygenosis and acidosis), and together all three unleash oxidants that turn rancid everything in their way, paralyzing all energy, digestive-absorptive, detox, and neurotransmitter enzymes of the body.
    The Greek Furies were let loose by Greek gods infuriated by the misdeeds of mortals. The Greek gods were unpredictable and often became angry without reason. They were wont to abuse their godly powers and strike down mere mortals at whim. Zeus, the chief god, was the most volatile, often throwing his lightning rod for reasons known only to him.
    The fibro furies, by contrast, are unleashed by the gods of greed. Unlike the Greek gods, the greed gods are consistent and predictable. They are the gods of sugar, antibiotics, and pesticides industries. And of industrial pollutants, toxic metals, synthetic hormones, and radiation. Other gods of greed populate hospital committees, licensing and insurance boards, and medical journals. They do know what they do. They are utterly committed to profitability. How many children get hurt in their way is not their concern. How many adults are mauled is not their concern. How many elderly are numbed by their drugs is of no significance. 

ON BANISHING FIBRO FURIES
    There is one big difference between the Furies of Greek gods and those of the greed gods. The mortals were defenseless against the Greek Furies. They knew not how to banish their furies. The fibro canaries, by contrast, are not so helpless. They can learn to banish the furies of the greed gods—with knowledge and defiance. 
    While the nature of the three fibro furies is simple to understand, the plans for banishing them may not seem so. Many readers may be initially dismayed to find that I do not recommend any exotic potion that may be ordered by mail and taken to exterminate the fibro furies. Indeed, the ecologic- restorative plans which I have found to work for most patients (and are detailed in later chapters) are integrative and comprehensive. Once learned, however, such plans are very practical and easy to live with.

All my fibro canaries eventually learned that they must be kinder to themselves so their bodies can be kind to them.

FURIES REMAIN THE SAME, ONLY THE TARGET ORGANS CHANGE 
    There is one other great benefit of understanding the nature of the fibro furies and learning how to banish them. It turns out, as I discuss at length in the companion volumes of this series, the furies which unleash other diseases are the same as the fibro furies: oxidosis, dyxoxygenosis, and acidosis. Thus, what the fibro canaries learn to recover from fibromyalgia will also help them prevent other nutritional, immune, and degenerative disorders.
DHEA
DHEA, dehydroepiandrosterone, is a primary adrenal hormone which serves as one of the body's major anti-aging hormones. In contrast to steroids that depress our antioxidant and immune defense systems, DHEA supports such defenses. (I will let you in on a secret: Holistic physicians prescribe DHEA liberally for their family members, and most of them take it themselves for enhancement of their general antioxidant and immune defenses.) I consider this an excellent agent for restoring the damaged antioxidant and immune defenses of chronic stress sufferers. Indeed, it is a very rare patient who does not report beneficial results within weeks or months of taking it.
I frequently use DHEA in a daily dose of 50 mg for the first three months and then reduce the dose to 50 mg on alternate days. In most cases, such therapy may be discontinued within several months when normal enzyme functions—and energy levels—are restored. 
1. DHEA has many established beneficial effects on the immune system.
2. Stress states are associated with suppression of several immune functions; DHEA prevents that.
3. Blood DHEA levels are usually reduced in chronic fatigue sufferers, and replacement therapy with DHEA improves the overall energy level and reduces many associated symptoms. 
4. DHEA opposes the physiological effects of cortisone in several animal models.
5. DHEA levels drop in serious infections, including AIDS, indicating progression of disease, and the levels rise during recovery. 
6. DHEA protects immune cells against acute lethal viral infections (including viral encephalitis).
7. DHEA regulates many immune cell functions and the production of hormone-like mediators called lymphokines. It helps generate many desirable molecules (such as IL-2) and prevents the excessive production of some undesirable ones, such as interleukin 4 and 5 and gamma interferon that can impair our immune defenses. A role of DHEA in the cause of systemic lupus—an autoimmune disorder—has been suggested.
18 Practical Food Choice Guidlines for 
Chronic Fatigue Sufferers
    The 18 recommendations that I make to my human canaries (people with chronic fatigue), are discussed at length in the companion volume to The Canary and Chronic Fatigue, The Butterfly and Life Span Nutrition. Here I include a brief outline of those recommendations. 
   I cannot overstate the case for a sound philosophy of nutrition. Martyrdom in food choices does not work. Good nutrition is neither denial of dieting nor euphoria of eating. 
   One cannot eat well for a full life span except through a deep visceral-intuitive sense about how various foods affect his general level of energy and well-being. 
    This cannot come from cortical obsessions about studying foods charts and calorie tables. 
1. Seek steady-state energy metabolism.
   Avoid starving-gorging-starving cycles.
   Avoid sugar-insulin-adrenaline roller coasters
2. Maintain an optimal state of hydration.
   Drink 50 to 70 ounces of high-compatibility fluids every day.
   Drink fluids even when you are not thirsty.
3. Know your food reactivities.
   Avoid foods that cause allergic reactions.
   Avoid foods that deplete energy.
   Avoid foods that cause abnormal bowel responses.
4. Focus on what you can eat
   De-focus foods that should be avoided.
   Try new foods, observe their effects.
   Think high-compatibility foods when food-shopping.
5. Never miss breakfast.
   Body tissues need to be energized in the morning.
   Missing breakfast is fasting for 15 to 18 hours and sets us up for nutritional 
      roller coasters.
   Missing breakfast increases the need for undesirable stimulants such as coffee and tea.
6. Get the most out of vegetables.
   Develop a taste for uncooked vegetables. (Taste is changeable.)
   Develop a taste for steamed or stir-fried vegetables.
   Reduce acidotic stress on metabolism. (Vegetables are alkaline-ash foods.)
7. Cut back on fruits.
   Avoid allergenic fruits such as oranges.
   Avoid very sweet fruits.
   Avoid overripe fruits.
8. Increase proteins in food choices.
   Proteins are time-release energy sources.
   Proteins are building blocks for tissues and for energy and detoxification enzymes.
   Minimize meat intake; increase lentils and beans.
9. Favor alkaline-ash foods.
   Favor vegetables on the top of the vegetable table (Chronic fatigue states are states 
      of  acidotic overload. All biologic stressors increase acidotic stress. 
      SAD [standard American diet] increases the body acid burden.)
10. Minimize acid-ash foods
   Reduce intake of all meats.
   Grains are, in general, acid-ash foods, but are needed to balance the alkalinity 
   of vegetables and fruits.
11. Understand food cravings.
   Food craving is the other side of the coin of food addiction.
   Reduce salt intake.
   Reduce sugar intake.
   Reduce intake of artificial sweeteners. (Salt, sugar and sweeteners increase 
      sugar cravings.)
12. Have free access to ideal snacks.
   The ideal snacks: uncooked or steamed vegetables.
   Eat low-fructose fruits — those that are not very sweet.
   Soynuts, pumpkin, sunflower and other seeds are also recommended.
   Avoid walnuts and other tree nuts. (Tree nuts are among the most allergenic foods.)
13. Rotate foods.
   High-compatibility foods may be eaten on three or less days a week.
   Low-compatibility foods should not be eaten more often than once a week.
14. Ensure a healthy gut ecosystem.
   Seed the bowel with healthful lactic-acid-producing microbes.
   Feed the lactic-acid producers with nutrients such as pantothenic acid, vitamin B12,
      fructose oligosaccharides and others. 
   Weed out the toxin-producing microbes such as yeasts, bacteria and parasites. 
15. Eat limbically.
   Follow visceral-intuitive impulses.
   Dieting plans are cortical traps.
      (Reading food labels becomes unnecessary after some time.)
16. Do not omit nutrient supplements
   Take morning supplements with breakfast.
   Take evening supplements with dinner.
   Split daily supplements into three, four or more portions if problems of tolerance exist. 
   Pollutants in the air can only be neutralized by nutrients.
   Contaminants in food can only be neutralized by nutrients.
   Toxins in water can only be neutralized by nutrients.
17. Don't be a skunk in someone's garden party.
   It is not necessary.
   It is not desirable.
   Enzyme detoxification systems can cope with an occasional workout — 
      but only occasionally.
18. Bring some spiritual dimensions to your day.
   (Martyrdom doesn't work in nutrition. Good nutrition is neither the denial of dieting 
    nor the euphoria of eating.)
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