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“Matthew Wood is among the most respected and well-known herbalists of our era and is the author of several brilliant textbooks on herbal medicine. Holistic Medicine and the Extracellular Matrix is his opus and masterpiece. Exceptionally well written and impeccably researched, this book debunks the popular theory that cells of the body function as independent units existing independently of one another. Instead, he meticulously reveals in easy-to-understand terms the implications of the extracellular matrix, the inner ocean in which the cells exist, and how this simple switch hugely impacts our understanding of healing. This book is a must-read for anyone interested in health, healing, and medicine.”

ROSEMARY GLADSTAR, HERBALIST AND AUTHOR OF PLANTING THE FUTURE

“Holistic Medicine and the Extracellular Matrix is a deep examination of the scientific justification of concepts discussed in traditional systems of medicine for millennia—that the human organism is a living wholeness unto itself, not a compilation of unintelligent biochemical and cellular machinery. This groundbreaking text reveals the truth of how our bodies function at a fundamental level and how we can rejuvenate our health on all levels with natural, holistic approaches to healing. It’s akin to the discovery of the heliocentric model of our solar system but for the understanding and practice of holistic medicine . . . truly revolutionary.”

SAJAH POPHAM, AUTHOR OF EVOLUTIONARY HERBALISM

“Matthew Wood’s book turns biomedical physiology on its head and presents a science-based holistic perspective on how and why herbs really work. His finest book yet!”

ROBERT DALE ROGERS, RH (AHG), AUTHOR OF ROGERS’ SCHOOL OF HERBAL MEDICINE

“In his groundbreaking book, Holistic Medicine and the Extracellular Matrix, Matthew Wood brings us a more balanced scientific perspective and further proves the basic tenet of holism while condemning reductionism as a model for how biological systems work. A revolutionary work poised to overthrow the conceptual foundation of modern science and its therapeutic models and drug therapies, this book directs treatment toward the individual as a whole and blows the lid off a ‘onesize-fits-all’ approach to modern pharmacology and compares our situation to that of Galileo and the Church. I recommend this book for all students of herbalism, holistic medicine, and the curative arts.”

THEA SUMMER DEER, CLINICAL HERBALIST AND AUTHOR OF WISDOM OF THE PLANT DEVAS

“Matthew Wood’s brilliant new book definitively establishes the scientific basis of holistic healing. Wood shows how optimal health—homeostasis—is in the extracellular matrix, the fundamental basis of alternative medicine. Drugs circumvent the self-regulation of our bodies and are creating more diabetes, cardiovascular distress, and cancer, yet holistic therapies improve the cellular environment and our bodies’ balance. I especially admire this book because Wood brings in Arthur Firstenberg’s research on the intensifying electromagnetic frequencies as the cause of much modern disease. The extracellular matrix that transports our bodily fluids is very sensitive to these frequencies that may be causing the huge rise in inflammation today. This is a must-read for herbalists, acupuncturists, chiropractors, energy therapists, bodyworkers, and anyone directing their own path to healing.”

BARBARA HAND CLOW, AUTHOR OF ASTROLOGY AND THE RISING OF KUNDALINI



Foreword

Stephen Harrod Buhner

 

Once [reductive] science convinced us the world was dead, it could begin its autopsy in earnest.

JAMES HILLMAN

Anything will give up its secrets if you love it enough.

GEORGE WASHINGTON 
CARVER

We are in difficult times, and it’s time for a change. Most people on this Earth know it. The challenges we face are demanding a significant alteration in the way we approach this planet that is our home, the lack of kindness in our culture’s systemic denigration of the weak and notrich, and how we view and treat diseases and those who are suffering from them.

In my many medical herbals, the series of ecological books culminating with Plant Intelligence and the Imaginal Realm, and in a number of my recent articles and blog posts, I have been arguing for the emergence of a more sophisticated and holistic approach in our relation to Earth. This includes herbal medicine (and so many other things) as well as necessitates a shift from the approach of the reductive phytorationalists who keep producing simplistic texts based on a very flawed medical model.

We are no longer in the late nineteenth or mid twentieth centuries. The world is changing and so is disease. And the pictures of the human body, this Earth, and life itself that the reductive world keeps teaching children are terribly flawed, so inaccurate in fact that it is those beliefs that are destroying the fabric of our planetary home as well as keeping alive an approach to medicine whose paradigm is not sufficient to deal with what we are now facing: the rise of antibiotic resistant diseases, viral pandemics, the emergence of ecological disruption diseases such as Lyme, as well as the massive development of chronic conditions such as long Covid.

American herbalists, of necessity, need to abandon that older medical model and actively create our own unique and sophisticated paradigm of health, plant medicines, the human body, and the role of the practitioner in healing. Regrettably, the current training of “clinical” herbalists still uses a reductive medical approach to plants, the human body, and disease, with little room for the human elements that are essential to healing, and shows as well a complete lack of awareness of the actual nature of organs, organisms, plants, and Earth (as self-organizing, nonlinear, highly intelligent, living systems displaying emergent behavior).

In fact, the more “serious and academic” herbal training has become, the worse it gets. The world doesn’t need more baby doctors trying to get mom and dad to like them and let them play in the big sandbox. The medical approach to healing (except in dealing with severe physical trauma) is flawed beyond salvaging. An entirely new system needs to be created, which is what we, as herbalists, should be doing. (Those with chronic diseases such as Lyme, COPD, and long Covid already know this.)

I have long bemoaned the fact that there are so very few herbalists and texts that are pushing the envelope, that is, taking on the challenge of doing this, creating the sophisticated foundations and understandings that are necessary for a truly holistic, sophisticated healing work based around the use of plant medicines.

Few if any clinical schools, of whatever sort, train their students in establishing rapport, active listening, empathy, effective communication techniques, the psychological dynamics of disease and health, or anything else related to the human beings that come to them in their suffering. It is an egregious failure, and, frankly, contemptible. None of those programs are apparently aware of complexity theory, living organ systems, nonlinearity in living systems, ecology, or even the extent and importance of the human and Earth microbiomes. (We have a microbiome in our lungs denied to be in existence until a decade ago; that we have commensal bacterial populations throughout our bodies is still not widely recognized.)

In any event, before this rant gets too far out of control, I want to tell you the reason for it. Matthew Wood has written just the sort of book I have long been advocating. It’s a brilliant and long overdue exploration and recognition of the extracellular matrix as an organ in its own right . . . one upon which our health depends.

The extracellular matrix (ECM) is crucial to holistic medicine because it is the foundational system from which all else springs, and it is not possible to understand physiology in a holistic fashion without understanding the ECM. Indeed, the ECM demands holism in biology and medicine because it shows us that the entire organism functions as a whole unit on the cellular level. Not just Earth-centered herbalists, but even hardened mechanists and reductionists, need to know about the matrix so that their herbalism can be founded on confident, holistic, and successful practice. Reductionism as the ruling theme in medicine can no longer be considered scientific; besides which, it has always been incapable of addressing chronic health problems or the needs of the soul and body complex.

I consider this book essential reading for all herbalists and part of the foundation for a truly sophisticated approach to the healing of disease.

Well done, Matthew!

STEPHEN HARROD BUHNER is one of the most accomplished writers on medical herbalism in the United States. He is the author of several books, including, with Inner Traditions, Healing Lyme Disease Coinfections, Natural Treatments for Lyme Coinfections, Natural Remedies for Low Testosterone, and The Transformational Power of Fasting. Stephen is also known for his numerous articles as well as for his memoir and fictional short stories and poems. He is the winner of a Nautilus Book Award and the BBC Environmental Book of the Year Award for The Lost Language of Plants. Stephen is an interdisciplinary, independent scholar who is a Fellow of Schumacher College and a researcher for the Foundation for Gaian Studies. His website is stephenharrodbuhner.com.



Introduction

Scientific Justification for Holistic Medicine

 

We look at the living matrix from a variety of different, but related views. As with an elaborate sculpture, every perspective gives a different image there are undoubtedly other perspectives we do not yet know about.

JAMES L. OSCHMAN (2016, 169)

Before I became an herbalist, I was an artist. One of the lessons I learned as an artist is perspective. This refers to the ability to place the objects in the foreground in the correct relationship with those in the background. Applying this to running our lives, we speak of “having perspective” in life-management terms, meaning we understand which issues are more important and which are less so. One can have a distorted view of what is important in life, but in the art world lack of perspective is a decisive matter. If one’s works don’t have it, it will be obvious in some way, and the person will be seen as an amateur. This might be acceptable, quaint, even desirable if one is a folk artist, a naïf, or an untrained visionary, but a professional artist cannot be excused for creating works with incorrect perspective. It is obvious and creates a sort of distortion that is disturbing.

Just as perspective is needed in art and life, it also is required in science. Overemphasis or overfamiliarity with one fact can lead to a lack of scientific perspective. This is an easy mistake to make when all the facts are not in, which is often the case in any scientific endeavor. It happens that many of the basic concepts in biology and biomedicine in place today date back to the nineteenth century, when science simply did not have enough facts to establish perspective.

Not infrequently, it is supposed that all the facts are in and that the perspective derived from them is correct. This can lead to a mistake becoming so entrenched that it becomes a “truth” when in fact it is completely wrong. This is a problem with the modern understanding of the extracellular matrix (ECM) and the cell. The cell theory of Rudolf Virchow (1821–1902) has been in vogue for so long, since the mid-nineteenth century, that it is impossible for most people to think of the cell as anything but the ultimate unit of life and an independent entity that directs its own destiny. Even now, when this theory has been proven wrong, it is still a widespread, unquestioned assumption of both the lay public and the scientific world. Here, for instance, is a typical quote from a responsible, science-based holistic site on the internet:

Biologists who study the nature of living things typically regard the cell as the smallest functional unit of life.

I don’t want to give the address of the website because it is a responsible and prominent source about holistic medicine, but I use this as an example of how entrenched this completely wrong idea is, both in conventional and alternative science and medicine.

It turns out that each cell in the body is completely controlled by the ECM around it—by its environment. Cells feed, eliminate, replicate, and migrate only when signaled to do so by the ground regulatory system (GRS), a system of communication vested in the polymers of the ECM outside the cell. The ultimate unit of life in higher organisms is not the cell, therefore, but the capillary/matrix/cell unit as a whole (Pischinger 2007). This means that on the cellular level, the organism functions as a whole and the cells are subordinate parts of the whole. The discovery of the GRS by Alfred Pischinger (1903–1982) therefore proves the basic tenet of holism.

You may say, “But what about the single cell floating in the ocean? How can that not be the captain of its own ship?” Pischinger thought of this, too. He realized that the idea of a cell living by itself, independent of its environment, was impossible. Thus, he noted:

Seawater is the primary regulatory system of the single cell. (Pischinger 2007, 3)

This statement makes a great deal more sense today, when we are aware of the importance of the biome that all beings live in and the microbiome of living beings within us. The environment is the ultimate regulatory system for human and amoeba.

There is an important reason why Pischinger could understand this and others could not. He was a holistic physician and researcher at the University of Vienna Medical School. He came from a long line of physicians and researchers at that school who had resisted Virchow’s cell theory from its inception. This gave him a perspective that was different from those who then—and now—remain stuck on the cell theory.

At the time of Virchow’s ascendance, he was opposed by Carl von Rokitansky (1804–1878), dean of the prestigious medical school at Vienna. The latter would not agree with Virchow, and for the next four or five generations, the Vienna school carried on a quiet opposition to this theory until, at last, Pischinger proved Virchow wrong. This, to me, is a much more remarkable story of resistance to scientific blindness than, for example, that of the Church and Galileo, because it involved generations and not just an individual. Ironically, it involved a scientific blindness very similar to the resistance to geocentrism: cytocentrism.

The discovery of the GRS justifies the holistic model of medicine because it shows us that on the cellular level the organism operates as a single unit to which every cell is entirely subordinate. It equally condemns reductionism as the basis for biology and medicine, since it shows that the health of every cell is controlled by the organism as a whole. Thus, it even condemns conventional drug therapy. As Pischinger points out, directing the drug toward the receptor site on the cell membrane bypasses the GRS and therefore weakens the self-regulation of the organism. Correct treatment should be directed toward the GRS and the matrix polymers that support it. Holistic therapy has always been directed toward the whole being, not the cell, much less the individual receptor on the cell membrane.

Pischinger first published this information in English in 1975 in Matrix and Matrix Regulation: Basis for Holistic Theory in Medicine, yet it is still largely unknown, even by adherents of holistic medicine. This oversight is not entirely intentional: as a researcher in the field, Anna Dongari-Bagtzoglou (2008, 201), comments, “Mere visualization of the ECM has been problematic.” If we train our thinking based on wrong assumptions, we cannot see correctly. We are completely unaware of our lack of perspective.

Recognition of the matrix has made some headway in certain fields. The understanding of wound healing requires knowledge of the local terrain of the ground substance that makes up the architectural structure of the matrix. The study of wound healing is, in fact, one of the easier ways to get insight into the ECM. I have, for this reason, dedicated an entire chapter to this subject—along with some herbs, the actions of which I did not fully grasp until I understood the matrix. The other area in which science has accepted and worked with the “Pischingerian” perspective is in the understanding and treatment of cancer. There are several reasons, to be pointed out in chapter 3, “The Ground Substance,” why it is impossible to understand or treat some kinds of cancer without appreciating the role of the matrix in the development, containment, signaling, and expansion of those kinds of cancer. Pischinger himself already understood this before his death in 1982.

Subsequent research has shown that each organ is surrounded by its own matrix, with its own peculiar chemistry and regulatory system, and enclosed within its own serous membrane. Since the serous membrane is fairly permeable, the individual organ or tissue is not separated from the whole but contiguous with it. On the other hand, there is also an element of independence from the whole. This means that, within limitations, the organ has a life of its own. It develops through complex intercommunication within its own matrix and continues this communication throughout life (Frantz, Stewart, and Weaver 2010). This justifies the perspective of holistic medicine, which places great value not only on the whole organism but also on treatment by tissue, organ, system, or (to borrow a phrase from traditional Chinese medicine) “organ system.” These are now seen to be “little wholes,” operating within the greater whole of the organism, which itself operates within the greater whole of Nature. The folk medicine concept of “liver remedies” or “stomach remedies” turns out to be based on medical fact. Of course, this idea is not unfamiliar to conventional medicine, either, in which specialties are often defined by organs or systems.

If we are going to deconstruct and reconstruct the matrix, we also need to take a second look at the cell within the matrix. A new vision of the cell, compatible with Pischinger’s work, was formulated by Gerald H. Pollack (2001). The two views are integrated by Elliot Overton (2018). The same principles that operate in the matrix—the presence of polymers that thicken the fluids into “glop” or “gel,” with electrical charges on the polymers carrying signals—also extend to the communication system within the cell. We even need to take a look at bacteria, which communicate with each other within and through the matrix through quorum sensing, a process described in chapter 3.

An even more recent model is the cell danger response (see chapter 5). At this point, the model places the basic response in the single cell (with signaling through the matrix to adjacent cells), so this theory pushes the pendulum back toward Virchow somewhat. However, it remains impossible to now imagine the cell and its defensive responses occurring independent of the matrix. Although only a “model” at this time, I have included an account of the cell danger response, because it makes a great deal of sense. Also, it demonstrates that there may be some “push back” from the cell toward the matrix. The exact balance between the environment of the cell and the individual cell in the body can probably never be fully measured.

Pischinger understood that he had uncovered an underlying mechanism upon which to base holistic medicine. The organism acts and reacts as a whole, and no amount of reductionism—exploration down to the smallest parts—can obscure the unity observed in the action of the GRS. Pischinger also understood that his findings would be ignored. Three hundred years of reductionism plows onward, just as geocentrism plowed onward after it had been disproved. The parts continue to be set before the whole. This perspective remains in place due to habit, superficial thinking, the monetary influence of established, profit-based medicine, and professional politics. Modern research on the matrix has proceeded apace, delving into the bits and pieces of the matrix but almost entirely ignoring the holism inherent in Pischinger’s discovery.


HOW DID SCIENCE LOSE THE THREAD?

The inability to perceive or understand the ECM is not a small mistake. Awareness of the ECM is as significant as the understanding of heliocentrism. It is not overly dramatic to say that biology and medicine have lost contact with a basic thread of physiological reality. How can such an oversight be explained? It is one thing to oppose holism because it is “not proved,” but it is another matter to oppose holism after it has been proven to be true. One feels that science has lost the actual thread of reality.

Late in the composition of The Extracellular Matrix, I met holistic medical researcher Arthur Firstenberg in Santa Fe, New Mexico, and became acquainted with his unique book, The Invisible Rainbow: The History of Electricity and Life (2016). Up until this time, I had been a skeptic about the influence of electromagnetic frequencies (also called EMFs) on health. This is not really what I want to emphasize right now, however. Arthur purposed what I thought was a sympathetic and insightful explanation for when and where modern medicine first took a turn to delusion.

After World War II, he explained, the number of chemicals introduced into industry and science without careful study of their potential toxicity increased by the tens of thousands. Medicine faced a choice: it could either demand that these substances be studied before they were safely released into the environment, or it could knuckle under to the virtually unstoppable behemoth of power and money that was starting to rely on these substances for industry, commerce, politics, medicine, and finance. The leaders of medical science essentially had no choice but to compromise their scientific standards. The new foundation of medicine was, like the emperor’s new clothes, something that could not bear close examination. This led to a dogmatic stance fiercer than what was found in the first half of the twentieth century.

“A Turn Towards Darkness”

Recently, the recognition has started to trickle into medicine that serious mistakes are being made. John Ioannidis, now a professor at Stanford University, shocked the medical community in 2005 with his examination of the weaknesses in mathematical models in biomedical research. He showed that 70 percent of papers could not possibly prove anything because they were based on flawed statistical models. His first paper, “Why Most Published Research Findings Are False,” has been visited over a million times on PubMed. In another paper, Ioannidis and a coworker, Jonathan D. Schoenfeld, applied the same statistical standards to the extensive literature devoted to showing that many common foods and herbs have mutagenic properties.

In an illustrative study, Schoenfeld and Ioannidis (2013) choose the first 50 ingredients from randomly chosen recipes from the Boston Cooking-School Cook Book, and searched the medical literature for studies linking these ingredients to various forms of cancer. For 40 of these, they found at least one study, and for 20 they found at least 10 studies. Examining the reported associations, the authors found a pattern of strong effects reported with relatively weak statistical support, with larger effect sizes reported in individual studies than in meta-analyses. In addition, they found a dramatically wide range of reported relative risks associated with an additional serving per day with each food item, well beyond what seems credible for more well-established effects. (Card and Srivastava 2014)

The authors criticized Chinese research in which the studies were looking for positive results, rather than negative ones. In China, the attempt is made to find proof for the positive effects of natural foods and herbs; in America, research often attempts to prove lack of medical value or even danger.

Some of the most commonly used tools for the person trying to make use of scientific studies are systematic reviews or meta-analyses in which major studies are lumped together and compared with each other. However, Ioannides takes on these potentially useful tools in “The Mass Production of Redundant, Misleading, and Conflicted Systematic Reviews and Meta-analysis” (Ioannides 2016). The paper found that only 3 percent of meta-analyses and reviews are both clinically useful and based on solidly constructed research.

A good review of Ioannides’s work, from the layperson’s viewpoint, “Lies, Damned Lies, and Medical Science,” was penned by David H. Freedman (2010).

Dr. Marcia Angell, onetime editor of the New England Journal of Medicine, has also been heroic, coming at the issue from the standpoint of the corruptive influence of money in medicine in The Truth about Drug Companies (2004). Here is a comment from her:

It is simply no longer possible to believe much of the clinical research that is published, or to rely on the judgment of trusted physicians or authoritative medical guidelines. I take no pleasure in this conclusion, which I reached slowly and reluctantly over my two decades as an editor of the New England Journal of Medicine. (Angell 2009)

Some scientists have attempted to rectify these wrongs with papers such as “Financial Ties of Principal Investigators and Randomized Control Trial Outcomes: Cross Sectional Study” by R. Ahn and “Big Pharma Often Commits Corporate Crime, and This Must Be Stopped” by P. C. Gøtzsche.

Finally, Dr. Richard Horton, editor of the Lancet, gave a chilling account following a national meeting held in the United Kingdom in 2015.

“A lot of what is published is incorrect.” I’m not allowed to say who made this remark because we were asked to observe Chatham House rules. We were also asked not to take photographs of slides. Those who worked for government agencies pleaded that their comments especially remain unquoted, since the forthcoming UK election meant they were living in “purdah”—a chilling state where severe restrictions on freedom of speech are placed on anyone on the government’s payroll. Why the paranoid concern for secrecy and non-attribution? Because this symposium—on the reproducibility and reliability of biomedical research, held at the Wellcome Trust in London last week—touched on one of the most sensitive issues in science today: the idea that something has gone fundamentally wrong with one of our greatest human creations.

The case against science is straightforward: much of the 
scientific literature, perhaps half, may simply be untrue. Afflicted by studies with small sample sizes, tiny effects, invalid exploratory analyses, and flagrant conflicts of interest, together with an obsession for pursuing fashionable trends of dubious importance, science has taken a turn towards darkness. (Horton 2015)

Lack of Perspective Can Be Unintentional

Sometimes a lack of perspective seems to have nothing to do with the battle against holism, the surrender to modern industry, or the corruptive influence of drug money. Sometimes no particular reason for overlooking and ignoring important facts seems evident. I would, however, dare to say that this kind of myopia points to a lack of cultivation of critical and intuitive instincts in thinking, which would otherwise save us from bold digressions from truth and reality.

The premise that a drug must have a specific, local, molecular action on a receptor site or tissue is the cornerstone of modern drug therapy, yet it cannot be defended scientifically. Not only does this position ignore Pischinger’s proof that the cell is not the regulatory center for itself, but it also flies in the face of basic facts of Nature. Roger J. Williams took this up in his book Biochemical Individuality (1977). He shows that every human being is unique and individual, with widely idiosyncratic and variable organ sizes and shapes, hormone levels, biochemistry, and nutritional needs. (No attempt was made to measure environmental influences, which are even more variable.) Because of this, no two individuals will ever react the same way to the same drug. Yet, the ideal of modern pharmacology is based on a “one-size-fits-all” model. Not only is this approach physiologically, statistically, biochemically, and functionally unfounded, but it also flies in the face of basic facts of science. As Williams comments:

If our interpretation is correct, it will be quite impossible to find a drug that will act with complete uniformity on all human beings. In order for this to be accomplished, variation, the cornerstone of evolution, and biochemical individuality, would have to be abolished. (Williams 1977, 117)

If pharmacology and medicine oppose the theory of evolution, as well as basic physiological facts involving the control of cellular life, then we are really talking about a profound lapse in truth, reality, and effectiveness. Our situation is entirely comparable to that of Galileo and geocentrism.




THE HOLISTIC PATH

The purpose of this book is to acquaint holistic health professionals and the lay public with our new, expanding knowledge of the matrix. We not only need to know that holism is justified by scientific facts, but we also need to have textbooks written from this perspective. If we in the field do not write them, nobody else will do it for us. I am not an expert in this field, but once I understood Pischinger’s research, I knew I had to explain it as a health educator and use it as a practicing herbalist. That meant I had to collect data. To do this right involved an ever-increasing corpus of knowledge that I would not, at the beginning, have thought of as related to the main premise. However, it was necessary to place the matrix within certain perspectives.

On a personal note, throughout this book I have written as a complementary and alternative medicine practitioner, breaking from accepted scientific speech intentionally. I have seeded the text freely with holistic concepts, personalities, and therapies. I have also written in a somewhat informal mode from time to time. An example of this is found in my use of the term matrix instead of the accepted usage of ECM. One of my peculiarities is the capitalization of the common names of herbs, which I picked up from herbalist Margi Flint. As she says, “Herbs are my friends so I capitalize their names, like I would my other friends.”

Writing on a topic of modern scientific interest does not come to me easily. I spent the first two years of my life on the remote Seminole Indian reservation in the Everglades, where English was a second language and people had only been in a treaty relationship with the U.S. government for twenty years. This is where my language skills and mental reference points took root. The understanding embedded in that language and culture permanently shaped my thought-universe, so that for me, Western science has always been an intrinsically intrusive element.

In order for me to use the tools of Western science, I have to make clear my personal problems with this discipline. I experience Western science as a hegemonic, conceited, imbalanced system that devalues the subjective experiences of individual people as well as the cultures of whole peoples. I do not want to make this a political issue; it is simply a perspective that is important for my readers to understand about me.

Western science was founded on the idea that empathy, intuition, instinct, imagination, and other such experiences that are natural to the human species should not be trusted as means for acquiring knowledge. This has now become an assumption so deeply embedded in Western culture that it is essentially the unexamined “religion” of modern, educated people within the system. Science thinks it is somehow based on truth, whereas, in fact, it is based on an editing of experience. A balanced perspective would teach us that we have to develop all aspects of human nature and that our system of knowledge is innately incomplete unless we do.
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The Extracellular Matrix

The Primal Organ System

 

That which formerly seemed only intended to fill up or to form a protective covering now appears to us as the matrix through which the most secret currents pass from the blood to the tissues and back from these to the blood vessels, at the same time serving as one of the most important breeding places for young cells, which may then be raised from their undeveloped youthful form into the most special structures of the body.

JACOB MOLESCHOTT

(QUOTED IN SCHÜESSLER 1898, 28)

Life began in the Great Mother Ocean of antiquity. The first living organisms enclosed a drop of seawater and some protein chains within a carbohydrate-lipid membrane. For this reason, the water in all living cells has an electrolyte mix diluted but identical in proportion to the salts found in the Great Mother Ocean of antiquity, three and a half billion years ago.

Oceans have come and gone, leaving the different colors in the salts that we put in our food today—pink, orange, gray, white. Having left the Great Mother Ocean, we constantly need to take up minerals that are no longer available to us from the original mother of life. Some of them, such as iodine, are much more difficult to get on land than by sea, leading to diseases such as iodine-deficiency goiter.

The homeland of the first single-cell organisms was probably at the seashore, where the bright, warm sunlight beat against rocks, sands, and muds. There, early living cells received energy from the sun, gases from the air, water modified by sunshine, minerals from sea and stone, and nucleotides and carbon compounds that were created by inorganic processes but became the basis of the life process. Early on, they received help from porphyrins, light-sensitive substances that facilitate electron exchange, including oxidation.

Eventually, colonies of genetically identical single cells enclosed seawater within a membrane to stabilize their environment—to make it internal. Thus was born the extracellular matrix (ECM) surrounding the cells of multicellular organisms. But what was the precursor to this matrix?


THE PERICELLULAR MATRIX

The model for the extracellular matrix was the pericellular matrix. This was a polysaccharide coating around the perimeter of single-cell organisms floating in the sea that they generated to protect themselves against the buffets of the Great Mother Ocean. It turns out that this structure—composed of sugar-lipids and sugar-proteins—acts not only as a protective coating, as was first thought, but also as a medium for communication between the environment and the cell. If we draw a boundary between the cell and its environment, we would say that the cell membrane and its pericellular matrix was the “brain” of the cell, telling it what to do. However, this structure is only reacting to the outside environment, so Mother Nature is the ultimate “brain” of the cell.

These facts have a practical application. Research by Barbara A. Israel and Warren I. Schaeffer (1988) shows that when the nucleus from a cancerous cell is put in a healthy cell, the cell remains healthy. However, when the nucleus from a healthy cell is put into a cancerous cell, the cell replicates as a cancerous cell. In other words, the intelligence of the cell resides in the cell membrane, not in the nucleus. The membrane tells the nucleus what to do. Quite literally, the “brain” is in the cell membrane or the external environment; the nucleus is just the reproductive organ. (How often do human beings confuse their brains and their genitals?)

The pericellular matrix, also called the glycocalyx, surrounds the cells of both multicellular and unicellular organisms. In multicellular life-forms, it is used to distinguish between the organisms’ own cells, including sick cells within the organism, invading cells, and those transplanted by the knife of the surgeon. It triggers the immune response that kills sick and alien cells. Antirejection drugs are used to suppress this reaction when tissue is transplanted.

The glycocalyx is also found around the cells of epithelial tissue (skin and mucosa) in the higher animals, and in other cells as well. It looks like a fuzzy coating under the microscope, but feels to the touch like the slimy side of a fish. That’s because fish skin is coated with a glycocalyx of epithelial cells.

The polysaccharides that compose the glycocalyx are polymers (chains of sugar molecules one molecule wide). They are manufactured at the surface of the cell. The glycocalyx not only serves protective and communicative functions but also possesses adhesive properties. We can see how it could have evolved into polymers surrounding groups of cells cloned from the same original to produce something like sea slime.

Going a step further, the slime found on rocks in shallow water is also composed of polymers. This is probably where the first living cells originated and lived, so the glycocalyx may be older than life itself and the “manufacture” of polymers by cells developed from and mimics the way these polymers were first produced on inanimate surfaces.




THE EXTRACELLULAR MATRIX

The first multicellular organisms were created when these clones threw out a line of protective cells to form an external membrane, internalizing a bit of the Great Mother Ocean, creating a compartment to surround and protect themselves. This space between the external membrane and the internal cells is the extracellular matrix, and the materials that are found within it are polysaccharides similar to those in the pericellular matrix, which also possess a protective, communicative, and adhesive function, plus the mineral colloids and electrolytes mentioned below that combine with the water to form a liquid-crystalline gel. The fluid alone is called the interstitial fluid while the polymers and fibers are called the ground substance. The ECM constitutes about 27.5 percent of the volume of the human body. Although the function of the ECM was largely unknown and ignored until recently, it is not possible to imagine that one-quarter of the human body has no important physiological purpose.

Use of the word matrix, instead of ECM or extracellular matrix, represents more of a “popular science voice” than the other terms, which are more technical.

The fluids inside the cells are called intracellular, while all those outside the cells are known as extracellular fluid (ECF). The latter are divided into four major divisions: the blood plasma, lymph, cerebrospinal fluid (CSF), and the interstitial fluids in the matrix.

Evolution of the ECM

The first self-enclosed organisms would have been something like a colony of genetically identical cells (a clone) living in a little hole on the seafloor, sending out and surrounded by a mess of polymers, creating what we would call sea slime. The polymers then sent out a signal to some of the cells: migrate to where there are no polymers, that is, to the periphery. This formed the external membranes around the group of cells. This tendency to migrate to where there are no polymers—a “bald spot” in the matrix, so to speak—is still characteristic of cells in the matrix of higher life-forms. It is a method for self-healing and protection.

One would think that the external membrane surrounding the matrix would have developed first in the course of evolution; the polymers second. However, the reverse is true. Because signals from the polymers control the cells, the latter can’t really do anything without the signals: so the polymers existed before the external membrane. The creation of this protective membrane was an evolutionary jump. The evolution of ECM proteins was “key in the transition to multicellularity,” and was followed by additional “development of novel protein architectures” (Hynes and Naba 2011), that is to say, tissues and organs. We see, therefore, that the matrix is not only the “brains” of the cell, but the driving force in evolution.

Structure of the ECM

The archaic term for the polymers of the matrix is polysaccharide. This is the word used by most herbalists and nutritionists, who are thinking of the slurry of mixed polysaccharides found in an herb or food. The modern technical term is glycosaminoglycan (GAG), used in a technical discussion about the anatomy of the matrix. These polysaccharides or GAGs are joined by molecules (called protein linkers) to protein “backbones” that form feather-like structures called proteoglycans (PGs). These feathery structures are not just thrown together into a tangle, like spaghetti noodles, but highly articulated to fold in or out. They are highly sensitive to water content, folding in if there is less hydration or folding out if there is more. They form organized structural units called matrisomes (“matrix-bodies”).

In mammals, the basic matrisome is composed of about three hundred proteoglycans, as well as large numbers of enzymes, growth factors, and other proteins associated with the matrix. These constituents contribute to the building, maintenance, and remodeling of the matrix, as well as binding the matrix to the cells. The matrisomes provide inputs into the cells that control the survival, proliferation, shape, polarity, and movement of cells (Hynes and Naba 2011).

The glycosaminoglycans are polymers hundreds or thousands of molecules long (no two are identical), that form the proteoglycans and matrisomes. In addition, there are also short polymers composed of various molecules. Unlike the GAGs, they are not composed largely of sugars and proteins, or organic molecules, but of minerals and trace elements necessary for the onward march of life. They form a stable structure with water that is not susceptible to chemical changes when the matrix contents are in a normal life-sustaining mix. This structure is called a colloid, the equilibrium is called the colloidal state, and the aggregate of many together in water form a colloidal solution. Colloids can form chemical bonds with particles but tend to keep their structural integrity. In this way, they provide the essential and trace elements used by the cells (mostly by the enzymes). They contain both water- and oil-soluble molecules, so they can interact with all the fluids and departments of the living organism. A colloidal solution forms a gel-like or liquid-crystalline material in which the cells, GAGs, proteoglycans, and matrisomes are suspended. The word colloid means “glue-like” (Pollack 2001, 2015).

[image: image]

An artistic rendering of the ECM by the author. “Mere visualization of the ECM has been problematic” (Dongari-Bagtzoglou 2008, 201). I hope this illustration provides visual context as you navigate your way through the extracellular matrix.

Electrical Charge of the ECM

The matrix polymers, the colloidal polymers, and the larger fibers that eventually evolved to give the organism more structure, carry an overall negative charge. The cell surface has a positive charge. These charges remain stable until some stimulation enters the picture. Then, there is a change in what is called the electric potential charge, or the electrical energy in a storage state. This discharge constitutes a signal that controls the messaging in the matrix, moving messages from the surface membrane to the interior—which acts as a single, whole entity—eventually reaching the cells. Through this means, the polymers command the cells when to eat and eliminate, migrate, and procreate. This mechanism was called the ground regulatory system by its discoverer, Alfred Pischinger.

Where the potential energy of the surface is minimal in its charge, the surface of the body dips into a saddle-like valley. These small dips can be influenced by even slight stimulation, which, traveling through the matrix, can have profound effects elsewhere. This is the basis of acupuncture points (see Heine’s contributions to Pischinger 1991 and Pischinger 2007).

Within the liquid-crystalline “water” of the matrix, there are also electrolytes, or single molecules composed of a positively charged ion (cation) and one that is negatively charged (anion). These have a strong influence on the liquids, particles, and membranes, contributing to the density, charge, and permeability of solutions and solids. The minerals of the colloids and electrolytes are similar in composition to that of the seawater when life originated 4.5 billion years ago, though they are more dilute—about 9 percent, compared with 32 percent.

The Role of Pressure between the ECM and the Blood

In amphibians, the blood and lymph and their carrier tubes are not yet differentiated, so the circulating substance is called hemolymph. In higher animals, the blood and lymph are separated and the CSF also appears. The development of the nervous system resulted in the production of CSF, which circulates along the nerves and fills the cavities around nerves compacted in the brain. The choroid plexus, a “sieve” in the brain, separates the CSF out of the blood so that it does not contain red and white blood cells, or blood proteins, but only the refined nutrient, oxygen, and electrolyte mix necessary to maintain the nerves in their active state. In a similar fashion, the serum of the blood is pressed out into the ECM to create the interstitial fluid.

The pressure in the capillary bed is high, forcing the contents into the matrix unless there are high sodium levels, which cause pressure back against the capillary bed, resulting in high blood pressure. Salt collects water, so an excess of water and its contents increases the effect. The pressure in the matrix is greater than that in lymphatic capillaries, so the little gaps or doors in them are pushed open and cause drainage through that system, which empties into the bloodstream just before the heart. A similar process occurs in the venules—the beginning of the venous system on the far side of the capillary bed. Pressure pushes carbon dioxide, water, and ions into the venules, but these substances have to be small because the entrances into the venules are smaller than the gaps in the lymphatic capillaries.

Blood capillaries, tissue membranes, and lymphatic capillaries mark the boundaries of the matrix. These tissue membranes consist of the basement membrane and the interstitium. The former supports the epithelium of the cells of the skin, mucosa, and serous membranes, while the latter surrounds various organs. The interstitium is an extensive and contiguous extension of the matrix situated between the basement membrane and body organs, including the muscles, circulatory system, and lymphatic vessels. It drains into the veins and lymphatic vessels. It receives its name because it is filled with interstitial fluids, like the rest of the matrix. It saturates the connective tissue or matrix fibers to cause changes in flexibility and shape—also, of course, transmitting matrix signals—all of which control and form the behavior of organs and vessels on the vegetative level of the parenchyma, or tissue.

Generation and Regeneration of the Matrix

The matrix polymers are generated by cells—in higher organisms, by specially evolved cells called fibroblasts. These eventually also generated connective tissue fibers and finally they evolved and differentiated into cells called chondroblasts, tenocytes, and osteoblasts that lay down the cartilage, tendon and ligament, and bone, respectively.

Fibroblasts form an important pair with macrophages, one of the five basic immune system cells. These two cells control in large measure the generation and removal of the polymers and fibers of the ground substance as it develops and deteriorates. For health to exist, the balance between the generation and removal of proteins in particular must be maintained within narrow parameters. The fibroblasts generate the original tissue, as well as the replacement parts, while macrophages “eat up” and remove the old, worn-out parts. The latter usually arrive in the matrix from the bloodstream, where they modify from monocytes (primitive immune cells) into full-fledged macrophages (Olczyk, Mencner, and Komosinska-Vassev 2014; see also chapter 4 in this book).

Regulation of the ECM via the Ground Regulatory System

In their entirety, these mechanisms of communication, the electrical potential charge, binding and growth factors, and fibroblasts and macrophages, as a sum total, constitute the ground regulatory system (GRS), whether in jellyfish or human beings.

[image: image] Mechanical Regulation

There are some additional forms of communication and control of a purely mechanical nature that occur within the matrix. The spaces between the polymers only allow passage of particles under a designated size. In addition, the stiffness, shapes, and orientations of the polymers, fibers, and ligands (binders) influence the behavior of local areas and organs in the body. Indeed, it may be that the deformation of the matrix caused intensifications of function in local areas that led to the development of the organs in the first place. As we will see in chapter 5, the cellular level of function of the organs is controlled by the matrix, including development and ongoing functionality, through the GRS, nerves, circulation, hormones, colloids, and electrolytes that control their operation.

[image: image] Nervous and Endocrine System Regulation

In higher organisms the ECM is intimately tied into the higher regulatory systems—nerves and the endocrine system. Hormones have to move through the matrix to get to their bonding sites in the cells. The cerebrospinal fluid (CFS) eventually dumps out into—where?—the matrix. Thus, the nerves are also tied into the ECM. Of course, matrix polymers cannot “understand” the more sophisticated signaling of the hormones and nerves, but they are sensitive to changes in the levels of hormones and CSF components, since these are causing changes in the makeup of the matrix. In other words, the cellular level of the organism is adapting to changes imposed on it by the higher organism. This means that the matrix is in touch with 
everything going on everywhere on the vegetative, vital, or cellular level.

The central nervous system (CNS) gives us the sense of individuality that we as human beings possess, but on the cellular level, we are a mindless vegetable and there is no individualization at all. The two systems (ECM and CNS) are not completely separated, as is often taught, but interconnect and are able to communicate chemically through the fact that all nerve endings terminate in the matrix. This begins a justification of the work of biologists such as Bruce Lipton, who advocate a more intimate relationship between the conscious level and the biological.




SCIENTIFIC JUSTIFICATION OF HOLISTIC MEDICINE

The discovery of the GRS was the fundamental breakthrough in the understanding of the matrix because it demonstrated that it was not just a space filled with water and fluff, but rather an “intelligent” system that controlled the cells and unified them into a single being. The matrix, wrote Pischinger:

permeates the extracellular spaces of the entire organism, reaches every cell, and always reacts as a unit. (Pischinger 1991, 19; Pischinger 2007, 8)

This has tremendous implications. The first of them is that the organism operates on the cellular level as a 
whole and that the premise of holistic medicine—to treat the organism as a whole, united in operation and intelligence—is fully justified. The reverse is also true: reductionism—seeking meaning in the smallest particle—is not justified as a model for how biological systems work. It is justified simply as a method for understanding the components of the whole, not for comprehending the functions of the whole as a single unit.

From the simplest cell in the ocean to the more complicated animal, the organism and its environment are intimately linked, the whole presiding over smaller subunits or wholes, until we reach the particles, which are either commanded to a purpose by the greater organism or are elements of chaos operating on their own.

Pischinger was a holistic doctor and researcher and was fully conscious of the fact that he had demonstrated the mechanism that makes the body a physiological whole and that provided the scientific justification for holistic medicine.

The matrix operates on the cellular level. This is the basic level on which a plant operates, so it has also been called the “vegetative” level, even in the animal organism. It would seem to be completely restricted in regulatory control and function to this level. Yet, because the nerves find their end in the matrix, there is an influence both “downward” from the higher systems (neuroendocrine) and “upward” from the matrix. This explains psycho-immunology and psychosomatic illness.

Since the extracellular matrix is connected to the endocrine gland system via the capillaries, and to the central nervous system via the peripheral vegetative nerve endings with their blind endings in the extracellular matrix, and both systems are connected to each other in the brain stem, superior regulatory centers can be influenced by the extracellular matrix. (Pischinger 1991, 20)

As the holy grail of medical and biological reductionism, the cell theory is shown by these discoveries to be an illusion. The cell is not the “ultimate unit” of biological life, in a functional sense, but is only a part of the primal functional unit, which Pischinger denominated the capillary-matrix-cell. We cannot speak of the cell as an individual: all cells are bound together into a communication network.




ORGAN INDEPENDENCE

Although the matrix unifies the organism into a whole, there are, at the same time, differences from one compartment or organ to another. Each organ is surrounded by a serous membrane that separates it in some measure from the matrix as a whole. Even bundles of muscles are grouped into compartments separated by serous membranes, and the same is true for the larger blood vessels and nerves, which travel together in bundles to their various destinations.

The matrix of each organ in a multicellular animal develops with the organ, both before and after birth, and there is a constant interplay between matrix and organ. This means that there are unique neuroendocrine and neuropsychological connections with every organ. This is an ancient idea in natural and alternative medicine, seen in the old idea of the zodiacal man in astrology, in which the signs are linked to the organs, then emotions and health functions. This explains why many herbs have both a specific emotional and biological activity. Laypeople, medical doctors, and complementary and alternative medicine practitioners all adhere to the idea of organ-specific strengths and weaknesses.

Not only does the local matrix regulate the organ it surrounds, but it also selects the materials that will be pulled into the space. Even the type of cells drawn in from the circulation can differ from tissue to tissue, or organ to organ, due to the differing composition of the matrix in each compartment. The fates of these incoming cells, their differentiation, and their applications are also modified by the local matrix.
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