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			The hand of Fate

			The hand of fate… that is the last birth.

			I dedicate this work to a woman. A woman who, combining her knowledge, her experience, her ability, her love, her courage, allowed me to be born, and to lead a healthy life, despite three turns of umbilical cord around my neck, which she knew how to carry out with divine mastery, when one was not born in the hospital, but at home … with the use of one hand.

			Reason why she had to give up her profession prematurely, that she loved immensely, she who was a highly esteemed midwife.

			Without that woman, my great-grandmother, and without that hand guided by Heaven, I would not be here to tell you this story… thank you. Grandmother “Seconda” (her italian name).

			





			
			NOT JUST ”CRAZY CELLS”

			That is cancer between science and spirit, philosophy and medicine, not just crazy cells. I never understood how a cell can go crazy, or become “anarchist”. The cell, like a virus, only looks for a solution. 

			Not everything that makes us suffer is bad. And every disease, however inconvenient it may cause us, even death, is the tentative of solving a problem that we have not been able to solve before.

			Medicine is not a science, but the art of healing. This is not intended to be a reductive concept, but an extensive one. The sciences are those aspects of human activities related to knowledge that is experienced in the most varied fields, with the aim of observing, quantifying, measuring, verifying. Mathematics, physics, chemistry, biology, computer science are therefore sciences. Medicine draws useful information from all these activities of knowledge and integrates them to give a loving response to human suffering. You can’t love science if you don’t love man (Hippocrates). Medicine does not want and cannot defeat death, for a simple reason: that death is not evil.

			Medicine is always with man, for the man; medicine can favor conception and gestation, through the divine hand of a midwife who assists his birth, and in the paths often of suffering of life through the comfort of a doctor, a nurse, or other loving health professional figure, until the moment of his farewell from physical life. 

			For this reason, dear friends, women and men, if this flame burns you, dedicate your best energies and every effort of knowledge to this great art, thanks to which some of you will make a choice of life that will lead them to love the human race in the greatness of its spirit, its mind, its body. Because through the relief of suffering will make you the architects of a divine plan.

			You will soon find that you cannot prevent death, but you can always alleviate the sufferings of body and soul. 

			And never forget: “Human being” first of all!

			An old doctor still in love with his profession.

			





INTRODUCTION

UNDERSTANDING THE TUMOR

			“You were not made to live like brutes,
but to follow virtue and knowledge”… 
Dante Alighieri, the Divine Comedy Inferno, canto XXVI)
			

This book is not intended to replace or be an alternative to official therapies. It is not a manual of “do it yourself,” which would be extremely inappropriate and dangerous especially for a problem as big as cancer. It simply wants, in clear and understandable words, to explain what cancer is. Cancer is a multifactorial and multicausal disease, involving biochemical, genetic, soil, constitutional aspects. There are parallel lanes that without having the presumption of wanting to replace the classic therapies, can favorably integrate the action precisely because they take into account also many other factors; mitigating some side effects when possible, trying to improve the psychophysical performance, often compromised in the cancer patient, and supporting the immune system, which is always depressed.

			And it aims to provide important information about what is the first “therapy” of every disease: PREVENTION.

			Every disease, before manifesting the symptoms that are characteristic, more or less specific, is always preceded by an imbalance, by a toxic, functional, biochemical, metabolic, immune, hormonal, psychoaffective and emotional disorder, which can be started even many years before, and of which the person is often unaware, believing to be well only because he does not have, or does not see, or doesn’t want to watch the symptoms. So it is also and especially for cancer. On the other hand, there are those who see too many symptoms and worry incessantly and obsessively about their health.

			The science that deals with the study of tumors is called ONCOLOGY.

			Within this science there is an approach that goes by the name of INTEGRATED ONCOLOGY. Which, without claiming to replace classical therapies, has developed a global vision that broadens its interests and attributes greater importance, both in prevention and treatment, to that multiplicity of factors mentioned above.

			It is not surprising that elements coming from the plant and fungal kingdom can assist the “chemical and physical” therapeutic actions of surgery, chemo and radiotherapy. Life-saving drugs such as digitalis, aspirin, many antibiotics such as penicillin, streptomycin, cephalosporins, and even many anticancer chemotherapy drugs such as colchicine, taxol, vincristine and vinblastine, and even cholesterol-lowering drugs derive from the kingdom of plants and fungi.

			Science thanks to technologies has done nothing but isolate the active ingredients and reproduce them with chemical synthesis techniques. This has made it possible to standardize and make these therapeutic substances available to millions of people around the world. An appreciable but not sufficient work if it is not understood that every illness or “discomfort” (“disease” to resume the perhaps most appropriate English term), is born, maintains and evolves in a physical and psychic background, which facilitates its expression. Translating this concept to infectious diseases, it is useful to remember the famous phrase taken up and shared by Pasteur, an illustrious microbiologist French who had dedicated his whole life to the study of bacteria: the “soil is everything, the microbe is nothing”.

			I really like the English term that defines a illness, “disease”, whose literal translation is “discomfort”. In fact, every disease creates discomfort. 

			Every disease is born first of all within us and, although sometimes is difficult to accept, like every discomfort, it expresses only in an apparently paradoxical way the implementation by the organism, of a whole series of mechanisms that have as their purpose the recovery of balance, that is, homeostasis; fundamentally defense mechanisms, activated by the need to solve that imbalance. The body does not always succeed on its own. The exasperation of these mechanisms, as in any excess of defense, can lead to even greater discomfort, up to the risk of losing our life, that is the psychophysical unity (body-mind), which houses our soul. This is the moment when medicine must intervene, to prevent things from taking a “bad turn”, a path from which it is impossible to go back.

			We have seen it in the planetary discomfort triggered by a virus, where the greatest problems can derive from the reactivity of the patient.

			It is not the virus in itself that kills or destroys, but the excessive reactivity of the patient, well-defined with the term cytokine storm. What the old doctors called “the crisis of the seventh day” referring to bacterial pneumonia called lobar because it affected one or more lobes of the lung, when antibiotic therapies did not yet exist. And that it could kill young lives because they were particularly reactive. “The microbe is nothing, the soil is everything” (L. Pasteur).

			CANCER IS WITHIN US

			Cancer, unlike infectious diseases for which we are used to orienting our weapons towards external factors such as viruses, bacteria, fungi, prions, parasites, is within us, it is a part of us: it is a part of us that grows in an uncontrolled and chaotic way!

			At the time of the barbarian invasions, when the Roman Empire, weak and corrupt, could no longer guarantee cohesion between the territories that were part of it, and the emperor was no longer able alone to govern vast and distant territories, new peoples emerged and took force, who could neither read nor write, which subverted and led to the destruction of Rome as a political entity. Rome represented civilization, order, written laws, power, connections through consular roads that reached the most remote parts of the empire, and the horse mail service, exchange of information, logistics.

			





CHAPTER 1 

			WHY A BOOK ABOUT CANCER

			I’ve wanted to write a book about cancer for a long time. A book is not really enough, and perhaps not even a lifetime, to talk about an uncomfortable and almost taboo subject. Don’t expect a headline like “everything you wanted to know…” It is not necessary to know everything, but to understand the meaning of things. This is not a manual; it’s just a conversation, a series of reflections, a discussion about “some” aspects of the problem. In the term “disease” in general, and even more “ugly evil” or “bad evil” or “ruthless evil” is inherent a symbolic meaning, an ethical judgment, even a condemnation, a punishment, a hopeless prognosis. “Why me!?” Even in very recent and unsuspected years, a disease such as acquired immunodeficiency syndrome has been called “the plague of 2000”, or the “evil of the century” evoking medieval scenarios of judgment, condemnation, punishment, witch hunt. Grim and demonic gothic scenarios.

			In the collective imagination the idea of cancer is assimilated to that of death, another uncomfortable concept, generally removed but always present in our lives. What is death? Every day millions of cells die in us.

			Words are “stones”, boulders, unconscious programs, under the weight of which we often risk being crushed, without realizing it. 

			What is CANCER? Everything and more has been said. Cells gone crazy? Cells that get out of control? Anarchist cells? (and here we even get into politics!) In all this there is a bit of truth and a bit of lies. There is an incomprehensible intelligence, something sacred, desperate, biologic attachment to life, in a cell that “decides” to become immortal. In reality, cancer is just that: the last attempt of a cell to survive to physical death in a context of spiritual separation. When I speak of spiritual, I am not referring to religion. The expression of a desperate, biological desire to survive an environmental, educational, cultural, social context, a key not ours to understanding existence. An artfully not our constructed narrative, to separate our body from our soul, which holds the true program of our existence as free individuals. This is how on every day of this wonderful and perhaps unique life we began to die. We are not aware of it on a rational, mental level, but our cells, which possess a perfect biological intelligence because it is necessary for survival, feel it better than us: faced with the danger of an imminent end, real or perceived as such, they respond by activating a series of biochemical and biological transformations to survive the “advancing nothingness”: they feel the beginning of the end, perhaps even in our thoughts, more or less conscious. It doesn’t matter if we walk and breathe, we believe we are and have everything. A part of us activates on a biological level a mechanism of immortality that can kill your mortal and deadly part: the one who betrayed the projects of the soul. As well as any excess of defense against a virus or bacterium. 

			Separation and rejection are the origin of all diseases. 

			From a biological and philosophical point of view (medicine and philosophy often go hand in hand or at least they should) the tumor is the last chance of survival for an organism that has begun to die, the “Munch scream” of the cell.

			When a cell cannot evolve and maintain its level of specialization, both from the elementary and spiritual biological point of view, it has no choice to survive but to regress to elementary and primordial life behaviors, content to “survive” instead of “live”: what most of us do. Living is not just about feeding and reproducing. This is cancer: surviving. But for Homo “sapiens sapiens” this cannot be enough. I am reminded of the words of the Supreme Poet: “you were not made to live like brutes”: man is made to evolve, not only to eat and reproduce. 

			The solution to the cancer problem cannot only be to kill the “bad guys”. 

			CANCER is a disease of great imbalance whose causes are multiple and complex. To study it is necessary to consider the living being in its totality, both on the physical level with all that this means, and on the psycho-emotional level in its entirety, and on the spiritual and soul level. This does not mean that to heal from cancer it is enough to do psychotherapy and act on an emotional trauma: maybe! Often things are so advanced in their degradation, so structured the imbalance, and entrenched the choice and the will not to change, that the path has become irreversible. 

			I love the word STRATEGY. The “strategos” in Greece was the general, the one who coordinated the movements of the troops. Strategy means attacking sometimes, sometimes withdrawing, sometimes procrastinating, but always having a clear global vision that often goes beyond the disposition of the troops or the numerical evaluation of the forces in the field. Often the winner is not the strongest but the smartest, or rather the most intelligent. Every day in our body numerous cancer cells are formed that if everything was perfect, would be immediately intercepted and destroyed by our policemen, emergency elements that promptly attack the “strange” cells and destroy them with a direct action: to do this they use substances that they themselves produce such as NITRIC OXIDE and FREE RADICALS; so demonized if in excess, but important weapons for our defenders if in “physiological” quantities. We cannot imagine a life without free radicals, just as we cannot imagine life without breathing oxygen in the air. Other times it is the defective cells themselves that program their “self-elimination”. As always, health is played on the balance of the parts. The disease occurs when this balance is broken.

			Even cancer cells, bacteria and viruses, with which we come into contact every day are part of life, are necessary, because they train the cells of our immune system, guardians of our identity. Even a common cold is useful to us. MACROPHAGES and KILLER T LYMPHOCYTES (as these immune elements are called) have two targets: viruses and cancer cells. But for hundreds of millions of years, the problem for the defensive system has not been CANCER, which is a relatively recent disease and often related to biological senility and chronic inflammation. The average life span was short, infant mortality very high; and not even degenerative and metabolic diseases were the problem (there was a need to get food every day, other than diabetes and metabolic syndrome, diseases of “too much”!). 

			The real problem was represented by bacterial and viral infections, hemorrhages, caused by animals and other men in war. People died from cold, hunger, thirst and mainly from infections and hemorrhagic trauma.

			The problem is not the cancer cell as such, the bacterium or the virus: but the loss of control capacity by the IMMUNE SYSTEM. More than the diseased cell, the bacterium, the virus, the fungus, we must fear the weakening of this capacity, the disruption of that balance that is normally able to guarantee us the best of defenses and the highest level of health: unless we weaken it in more ways than one.

			So I have to talk about this defense system and explain what the factors are that weaken its efficiency and ability to respond promptly and effectively to any aggression: external as in the case of infections, or internal, as in the case of tumors.

			In a hierarchical scale of possible causes of death, cancer is not the most serious disease: because can also give us a long time. A bullet, a stab, a serious trauma, a hemorrhage, a heart attack, a stroke, a fulminant hepatitis, can kill us in such a short time that there is not possible to organize a defense and make a will. Cancer, on the other hand, always leaves us a longer time. So although it is the disease that perhaps we fear most, it is not the most ruthless.

			





CHAPTER 2

			THE IMMUNE SYSTEM

			It is the defense system that distinguishes the “self” from everything that is not “self”: everything that is individual (set of tissues, organs and apparatuses consisting of cells connected to each other and cooperating) from everything that is not part of that individual. The immune system recognizes external aggressors, such as bacteria, viruses, fungi, and internal aggressors such as cancer cells.

			There are two types of IMMUNITY or defense: 

			
					INNATE IMMUNITY, also called cell-mediated that is expressed through the intervention of emergency cells such as MACROPHAGES and T NATURAL KILLER LYMPHOCYTES. This immunity is immediate, towards everything that is not recognized at all, generally very small, and is not based on memory or antibodies. The defenders quickly turn to the “different” and destroy. It is responsible for maintaining self-identity: it recognizes what is “SELF”. When it encounters something that is not,for example some serious anomaly within a cell: viruses, or cancer cells, or cells defective due to senescence, it eliminates those. It is like a watchful sentinel who, when approaching a stranger, asks for personal details: “name, surname, address, date of birth. If the stranger does not respond, he attacks him. 

					ACQUIRED IMMUNITY or “humoral”, is instead related to memory phenomena: that is, recognition of substances or external aggressors to which one has already come into contact previously in the course of life, recording the data. Memory allows a rapid mobilization of defenses when you return to contact later with a known and recognized enemy, already met and faced many years before. This type of immunity is achieved through the prompt intervention of antibodies or Immunoglobulins (Ig), substances of protein nature which bind to the aggressors, generally large elements mostly external to the cell: bacteria, fungi, helminths (worms), pollen, or toxic substances “not self” of various kinds, but also receptors and spikes on the surface of a virus. The ANTIBODIES intercept these foreign elements by binding themselves to them like a key to the lock; then they recall the intervention of another type of immune cells: the NEUTROPHIL granulocytes which, like a smart missile, are attracted to the battlefield and provide for the elimination of the aggressor thus traced by hypothetical flags.

			

			I must now introduce another concept: although the situation is very complex, I will try to simplify it by comparing the defense system to a scale with two plates. A plate of the scale represents that series of reactions that we have called CELLULO MEDIATE, directed towards everything abnormal that can be inside a cell a) small antigens, such as viruses that can enter cells or very small bacteria; b) neoplastic cells in the early stages of the tumor: that is, when the tumor is limited to one or a few cells and not yet vascularized. This type of reaction is called T HELPER 1 (TH1) because it is carried out through MACROPHAGES, T HELPER LYMPHOCYTES 1, and NATURAL KILLER LYMPHOCYTES (NK).

			The other system, as opposed to the previous one, is called T HELPER 2 (TH2): is expressed by the action of neutrophil, basophil and eosinophil granulocytes, which neutralize large substances, bacteria, parasites, worms, pollen. In this case, I repeat, it is all that can be problematic outside a living cell.

			Another important concept is that all immune cells communicate with each other and coordinate their activity, like an orchestra, through messengers that they themselves produce, called CYTOKINES. Also in this case they are substances of a protein nature but they are not antibodies and have no memory. The different types of cytokines depend on the type of response: whether it is the type of immune response TH1 or TH2.

			INTERLEUKIN 1 and 2, INTERFERON GAMMA, TUMOR NECROSIS FACTOR ALFA (TNF alpha), INTERLEUKIN 12, which are cytokines of type TH1.

			INTERLEUKIN 4,5 and 6 that coordinate the TH2 type immune response mode.

			When there is a persistent imbalance and prevalence of TH1 activity, autoimmune diseases such as rheumatoid arthritis, autoimmune thyroiditis, regional enteritis or Crohn’s disease, localized psoriasis occur more easily. On the contrary, if there is persistent imbalance towards the TH2 type, the expression of other autoimmune diseases such as lupus, ulcerative colitis, allergies, allergic asthma, atopic (or allergic) dermatitis, generalized psoriasis, Graves’ thyroid disease occurs more easily.

			
					[image: schema]

				
			The prevalence of one system over the other can also be linked to gender factors, male or female: for example, in the woman the TH1 activity prevails “fundamental” because the female organism must, in case of conception, be able to recognize and quickly eliminate any “imperfect” embryo: this explains many spontaneous interruptions of pregnancy that occur in the very early stages of gestation. The other side of the coin is that women are more naturally predisposed to produce Th1-type autoimmune diseases such as rheumatoid arthritis and Hashimoto’s thyroiditis; for this reason the woman also has, compared to the man, a greater protection against cancer cells, which she is able to intercept more promptly when they arise, that is in the very early stages of few cells.

			These two modes of intervention of the immune system are also present in the natural defense against tumors. In fact, in the very early stages of tumor development, from a few cells to 1 millimeter, it is above all the TH1 system that deals with the localization and destruction of the neoplasm. When the tumor grows it needs a system of blood vessels capable of nourishing it that itself builds through a mechanism called NEO ANGIOGENESIS. In this phase the direction of the operations of defense and “containment” of the tumor is assumed by the TH2 cell system; which tend to limit and circumscribe the growth of the tumor mass.

			As far as antitumor immunity is concerned, the total number of lymphocytes is very important, which can be obtained from a simple blood count: a healthy patient or a patient destined to have a better prognosis if sick, must have a number of TOTAL INFOCYTES not less than 1500-2000 per cubic millimeter or microliter.

			Among these, a very important role is played by the lymphocyte subpopulation of the so-called NATURAL KILLER (NK) which represent 15% of total lymphocytes. Therefore, having about 1500-2000 lymphocytes, which are the number of total lymphocytes, means having a total number of Natural Killers between 225 and 300 / microliter. Just like the 300 Spartan hoplites who stood up to Xerxes’ 100,000 Persians at Thermopylae and his chosen guard who had a disturbing name: “the Immortals”. 

			This epic number has a predictive value on the prognosis, that is, on the fate of the disease: the prognosis is much better if the number is above this value.

			These numerically few, very effective cells of the first line defensive towards cancer cells, but also viruses, are activated by some “cytokines”, in detail: INTERFERON GAMMA, TNF ALFA, INTERLEUKIN 2 and INTERLEUKIN 12. How do Natural Killers work? 

			The Natural Killers (NK) adhere to the membrane of the tumor cell causing lysis and apoptosis (induced death).

			Here another important factor for prognosis comes into play, which is the degree of functionality or activity of the NK lymphocyte. There are substances in nature that can increase the number of attachment points or available places of NK for cancer cells: it is clear that an NK lymphocyte with three places available, has a functional efficacy superior to an NK that has only one place. One of these is the so-called ARABINOXYLAN, a fiber that is absorbed in the intestine and therefore not being eliminated with the stool as normally happens for fibers with a laxative effect, it is able to carry out its action on the body in general and specifically on the immune system. Boosting NK lymphocytes in this way is something comparable to the illegal practice of “changing” the capacity of mopeds and cars. 

			In summary: when we talk about the defensive capacity of the NK we must consider two important variables related to both their NUMBER and their degree of ACTIVITY. With the same number, the degree of activity comes into play.

			





CHAPTER 3 

			TRUE SCIENCE FICTION BACTERIA FROM OUTER SPACE OR THE MITOCHONDRIA 

			HISTORY OF A “FATAL INFECTION”

			We are children of the stars: life is the result of a cosmic infection!

			Not all evil, or what seems to be, comes to harm.

			Reality, if we learn to know it, is often able to amaze more than fantasy. We are dazzled and annihilated by the immensity of the universe when we observe the starry sky. We must be grateful for the awareness of our limitations, because if it were not we could never move the bar higher. There is more poetry in a grain of sand than anything that has been written by poets, and more physics in a drop of sea than anything Einstein could “imagine before he knew.”

			Every drop of rain is a miracle. Every child that is born is a miracle.

			Even every apparent imperfection is a miracle.

			Art and poetry speak to the heart; mathematics, physics and science speak to reason. But there must not be a conflict They must run on the same track. When these two entities fight each other then the train derails and the disease arises.

			Music is able to arouse emotions through the language of mathematics: in fact, sounds are frequencies, and harmonics respect mathematical relationships. Mathematics is harmony that speaks to the mind and heart.

			The amazement that arouses in us the “infinitely great” when we turn our eyes to the starry sky to observe the galaxies, is not greater than that which can arouse the infinitely small, when we descend, with the microscope, to observe the wonders of atoms, molecules, viruses, bacteria, cells. The same viruses, which we fear so much, are tools of evolution: nucleic acid files that integrate with our genome and transmit us experiences of past lives. Millions and millions of years ago, when the planet earth was a shapeless mass of matter, the waters were not yet separated from the lands, the atmosphere made of gases for us today unbreathable and toxic, and still had to organize the oceans, on the surface of the planet there were very elementary life forms: “primordial” cells, which having reduced energy resources, were only capable of feeding and reproducing. In the archive of their “cumbersome” genetic heritage were stored the informations acquired from the interaction with the environment, and for an eschatological evolutionary project, destined to be transmitted to the descendants. However, they were incapable, because of the reduced possibility of producing energy, to differentiate themselves and organize into more complex and evolved forms of life. They would be destined to eat and multiply for eternity, like cancer cells.

			The primitive atmosphere was a mixture of ammonia, methane, sulfur dioxide, carbon dioxide, all gases containing the building blocks of life: CARBON, NITROGEN, SULPHUR, HYDROGEN and minimal amounts of a gas, the OXYGEN that began to form and would light the torch of evolution. Then, thanks to God, or to Chance, but I don’t think such a smart program is a coincidence, the Miracle, the unexpected event happened: what no one could imagine, but always only what we needed. Perhaps lapped by the wake of some comet or hit by a cosmic shower of meteorites, the Earth was seeded by a “stardust” in which there were elementary life forms, protobacteria (archaic bacteria) or viruses containing genetic material of a different type than that of the large “autochthonous” primordial cells. These bacteria had a circular (therefore not double-helixed) DNA, smaller (therefore containing less information). These “contaminating” agents coming from space, had a great property: that of using the scarce primordial oxygen to produce large amounts of energy, that energy necessary to give the evolution of life the fatal “step”: that “quantum leap” that led the primordial cells to aggregate to produce forests, dinosaurs and other reptiles, birds, fishes, amphibians, mammals, and finally Man! 

			We are made of matter, it is true. But matter is guided by the projects of the Spirit or Cosmic Intelligence: the divine plan finds its full realization only in the paths of physical life.

			The fundamental question that gives meaning to existence is to understand if “the world arises at random” and if we are “made to live like brutes”, or if we are here to “follow virtue and knowledge”.

			Like human societies, cells need large amounts of energy to evolve and specialize functionally. Translating the concept from the cell to human history, for this sacred fire, whether it is called gold, diamonds, oil, money, uranium, water or simply ATP, all wars are fought, and living beings are willing to kill. For this sacred fire man is willing to pay a very high price, from Prometheus onwards. Energy is power. Power as such is not bad, but it becomes a cancer of society when it is structured to satisfy the economic interests and ambitions of a few oligarchs, of more or less hidden projects perhaps cloaked in philanthropy, on the skin of individuals and their sacred and inviolable rights. Every individual, like every single cell, has in itself the whole evolutionary project. Each individual is the seed that can save humanity. Every soul must be free to choose its own destiny, in spite of those who more or less conceal it want to dehumanize it. 

			Conflicts cannot and must not be eliminated, because stress, in the right dose, is necessary for life and therefore for evolution.

			For those who feel that they are not made to live like brutes, stress is not necessarily physically eliminating opponents, but channeling differences into a dialectical elaboration. Science, taking note of its temporal relativity in the evolution of knowledge, must establish a dialectical comparison, renounce the arrogance of an ephemeral truth almost always suddenly denied. Because science is the dynamic evolution of a truth built on doubt. “Quid est veritas” If today’s truth is tomorrow’s superstition?

			Complex aggregations to survive must harmonize energy through dialogue and communication: this applies to both cells and humans.

			Who shouts loudest is almost never right.

			Is curious that to start this leap into the future, was what we could call an “infection” occurred in the era certainly “pre antibiotic”.

			This wonderful story provides us with an example of how often from cooperation and the specific enhancement of individual attitudes, limits can be transformed into potential, creating an advantageous symbiosis.

			Diversity is necessary to evolve, just as without the diversity of musical notes, resonating together according to mathematical laws, chords, i.e. harmony, could not exist.

			We look for extraterrestrials, who often imagine strange beings with humanoid or monstrous alien forms very different from us, partly fascinated and partly terrified. It is enough just to look inside, to grasp what our sight cannot perceive without a microscope: the wonder of the MITOCHONDRIA. Just as a telescope allows us to explore the immensities of the universe. Thanks Galileo!

			





CHAPTER 4 

			MITOCHONDRIA, KREBS CYCLE

			Mitochondria are bean-shaped organelles, 0.5 to 2 microns in size (the micron is the thousandth part of a millimeter), located in the cytoplasm, the internal fluid of the cells. In them we must distinguish an outer membrane and an inner membrane folded to form the so-called mitochondrial crests.

			In the central inner part of the mitochondria there is the so-called mitochondrial “matrix” (not to be confused with the interstitial matrix). Mitochondria are the descendants of those famous microorganisms from space that infected the primordial cell; real metabolic and energy control units: without them the evolution of cells would never have been possible. In fact, to evolve and acquire the ability of multiple attitudes and specializations, the cell needs two conditions: the possibility of manufacturing specific structural and functional substances (fatty acids, proteins, cholesterol, neurotransmitters, hemoglobin, hormones) and the ability to have high amounts of energy. Within the mitochondrial matrix a complex of sequential and cyclic reactions take place: the KREBS CYCLE (or CITRIC ACID, or TRICARBOXYLIC ACIDS). The Krebs cycle is comparable to a merry-go-round. It is triggered by a substance that is the common end product of the digestion of SUGARS, PROTEINS and FATS: PYRUVIC acid. Pyruvic acid is transformed into ACETYL COA. ACETYL COA starts the KREBS CYCLE by combining with OXALOACETIC ACID which can be considered the starter of the cycle. This triggers a series of transformations, always the same and very fast, according to this sequence: CISACONITIC ACID, ISOCITRIC ACID, ALPHAKETOGLUTARIC ACID, SUCCINIC ACID, FUMARIC ACID, MALIC ACID, after which it reforms again OXALOACETIC ACID ready again to recombine with other ACETYL COA and start a new cycle: and so on continuously for every infinitesimal fraction of a second, as long as our life lasts.

			The various stages of the cycle are like motorway toll booths and represent the entry and exit point of metabolic chains that lead to the synthesis of substances necessary for our body: FATTY ACIDS and CHOLESTEROL from A. CITRIC, GLUTAMIC ACID from ALPHA KETOGLUTARIC ACID, HEMOGLOBIN from SUCCINIC, TYROSINE, DOPA, DOPAMINE, ADRENALINE and NOREPINEPHRINE from FUMARIC.

			The KREBS cycle is closely related to another sequence of very important chemical reactions called OXIDATIVE PHOSPHORYLATION, which always takes place in the mitochondria, in the outermost part of its matrix on the “ridges”, which are folds of its inner membrane: real cellular respiration.

			During the reactions of the Krebs cycle. which require the help of trace elements and vitamins, substances are produced that contain H+ HYDROGEN ONS. These hydrogen ions arrive on the crests of the mitochondria where electrons (deriving from the detachment of H+ from NADH and FADH2 occurred earlier in the Krebs cycle) “run”; by means of a transport system called respiratory chain consisting of CYTOCHROMES. These electrons are conveyed to oxygen (which is located at the end of the chain) enriching it with two electrons. The oxygen thus enriched O-- becomes able to react with two hydrogens taken from NADH and FADH2 H+, and this reaction occurs: 2H+ O--= H2O: i.e. water is formed. During this path that has as its point of arrival the O--, the electrons produce another very important action: they release energy that is used to “attack” a P (PHOSPHORUS) to the ADP that becomes ATP: ADP+P= ATP.

			ATP is like a battery that has been recharged to provide the cell with all the energy it needs.

			In this second wonderful set of reactions intervenes another type of very important actors, the QUINONES: real “capturers” and optimizers of OXYGEN, necessary for the proper functioning of the chain.

			At the end of the games, as a result of this admirable and orchestrated series of reactions, WATER (H2O), CARBON DIOXIDE (CO2), HEAT, and 36 net ATP molecules are formed.
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