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Foreword

Cannabis is one of the most studied plants of all time. Prohibiting its use, first with the Stamp Act of 1937 and then with the “War on Drugs” in the Nixon era, the United States has attempted to keep cannabis forbidden from the botanical medicine that it has been for thousands of generations. I have been a physician specializing in cannabis medicine for more than twenty years, though for forty years I have considered cannabis a therapeutic option.

Long before we understood the endocannabinoid system (ECS), I followed much of the research designed and funded by the US government through the National Institute on Drug Abuse (NIDA), an organization whose mission is to be the authority on drugs of abuse.

Fortunes have been spent looking for harm and investigating possible therapeutic interventions aimed at those using cannabis. Early research led to the discovery of the ECS, providing insights across nearly all disciplines in biology and medicine. Research findings that suggest harm are inevitably followed by evidence refuting the assertions of harm and even supporting the use of cannabis for many conditions.

Evidence of harm remains elusive and controversial at best. The bias of harm-based research continues to misinform many citizens and lawmakers worldwide who, in turn, shun cannabis as a dangerous and addictive drug. The results of such research are cautions and forbidding its use, as well as punishing users with restrictions, fines, and incarceration. This is the world of cannabis pioneers, both patients and clinicians.

The reference list in this book is truly a Who’s Who of the principal investigators and their research in cannabinoid science and medicine for the past few decades. The same tools of the information age that bring us headlines of harm and deceptive information about cannabis also afford unprecedented access to the research into cannabis that occurs worldwide.

The research findings of many of the key contributors to this story are reviewed by Pellerin with skill and balance in a way that simplifies what has proven to be a very complex story. This book is an excellent resource for comprehending cannabinoid science.

While allopathic medicine has been stuck in the reductionist model of designing and marketing single-molecule patentable medicines, cannabinoid scientists are learning that the whole plant outperforms isolated cannabis compounds. The obvious benefit is to focus on modulating the ECS in pursuit of therapies for almost all diseases affecting humans, including pain; seizure disorders; cancer; obesity/metabolic syndrome; diabetes and its complications; autism; neurodegenerative, inflammatory, liver, gastrointestinal, and skin diseases; and psychiatric disorders, among many others.

Research has discovered fascinating details about the effect of cannabis on the ECS. What remains largely unexplored is the fact that all cultivars of cannabis are different from one another; the therapeutic opportunities from the different cannabinoids, terpenes, and flavonoids of cannabis are only beginning to be elucidated. It remains outside of the mission of NIDA to explore the medicinal value of cannabis and to move on to the clinical trials so badly needed to optimize cannabis therapy. Beyond prohibition, we lack the vision and the mandate to study the therapeutic effects of cannabis for the medicine that it is.

Even the enlightened nations that have legalized the adult or medical use of cannabis have failed to appreciate the diversity of cannabis, and, unfortunately, allowed the commercialization of cannabis to limit the chemovars available—not to mention, the costs and taxation putting these medicines out of reach of many in need. Concurrently, the enlightened public has learned by word of mouth of cannabis and its myriad uses for fun, love, laughter, and the serious task of alleviating suffering.

Healing with Cannabis presents this broad foundation of knowledge so the reader can make his or her own decision about this wondrous botanical medicine.

—Jeffrey Hergenrather, MD


Introduction: Lay of the Land

Healing with Cannabis is about medical cannabis and a little-known but ancient biological system—the endocannabinoid (en-doe-can-nab-in-noid) system, part of all vertebrates—that allows cannabis to affect body and brain, health and disease. It’s also about why medical cannabis can help treat so many illnesses, and how the laws in place nationwide govern—and in many cases constrain—its use.

Through interviews with some of the most knowledgeable cannabinoid scientists, the book describes research and clinical trials that explain what’s known so far about how cannabis works to relieve pain, anxiety, stress, and inflammation, and its specific effects in brain trauma, multiple sclerosis, inflammatory bowel disorders, neurodegenerative conditions like Parkinson’s disease, and much more. It also describes, in these early days of medical cannabis programs in a growing number of states and US territories, why it’s so hard for everyone who could benefit from cannabis medicines—not just those who suffer from serious diseases— to access medical cannabis.

[image: image]

Flowering cannabis plant (From Shutterstock by anointedone)

For Healing with Cannabis, these scientists and healers lent their voices to the story of how cannabis helps treat disorders covered in the book. And I help explain the language of a complex cannabinoid science so most people can understand what medical cannabis does and doesn’t do, and where the science stands. Still, some of the words in these sections are long and hard to pronounce (ow).
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xkcd.com cartoon, RuBisCO 1039 (Courtesy xkcd.com).

But as someone who wants accurate information about medical cannabis, it’s worth your time to be familiar with some of the technical terms used in cannabis research and treatment. They will help you understand the research, and why and how to buy and use the products available—especially if you see them on the internet, where scientifically sound medical cannabis information isn’t always available and where some not-so-great products are hawked.

Good products—full-spectrum (meaning those that come from the whole plant, with all the cannabinoids and terpenes and flavonoids the plant makes, which all contribute to cannabis health effects) and broad spectrum (like CBD and other extracts that lose some of the original compounds in processing) products—are increasingly available online to anyone who wants them. You’ll read more about this later. At the end of the book and on my website (cherylpellerinscience.com), I offer excellent, reliable resources.

In Healing with Cannabis, you’ll find that a lot of what cannabinoid scientists know, especially about the most serious diseases, is coming from their work in the lab and with animal models of disease. That’s because the law that makes cannabis federally illegal has also, for the past fifty years, severely limited research and research funding into the plant’s complex biochemistry, pharmacology, and use as a wide-ranging medicine.

In the United States this has hindered the kinds of clinical trials (those with human subjects) that allow cannabis results from the lab and animal models to be confirmed as safe and effective in people. But, like everything else that’s changing where cannabis is concerned, a growing number of clinical trials are being conducted for each illness, and a growing body of case reports and recommendations are available from doctors (you’ll hear from some of them, too) who use medical cannabis to help their patients.
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Drawing of Cannabis sativa by botanist Walther Otto Müller (1833–1887). From Franz Eugen Köhler’s Medizinal-Pflantzen, published and copyrighted by Gera-Untermhaus, FE Köhler in 1887 (1883–1914). (From Wikimedia Commons. This file is in the public domain)

Medical cannabis, widely available, will change the face of public health. But treating illnesses with cannabinoid medicine can be complicated, and the products don’t come with user manuals. Each patient and illness reacts differently to cannabis, its psychoactive (intoxicating) constituent, delta-9 tetrahydrocannabinol (THC), its nonintoxicating constituent, cannabidiol (CBD), and all its other constituents, not all of which have been identified or studied. This complexity, and the drug laws and stigma surrounding cannabis, are keeping medical cannabis from all who would benefit from its therapeutic effects.

The situation won’t improve for patients as long as cannabis is legal in some states and federally illegal in all states, and until all jurisdictions—not just the thirty-four states, the District of Columbia, and the US territories of Guam, Puerto Rico, and the US Virgin Islands that have comprehensive public medical cannabis programs—allow access to medical cannabis to anyone who wants or needs it (as California alone does), rather than making it available only by doctor’s recommendation and only for certain illnesses.
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Dan Wasserman editorial cartoon for the Boston Globe (Licensed for use in the book by the Tribute Content Agency)

A Critical Biological System No One’s Ever Heard Of

The endocannabinoid system (ECS) is why medical cannabis affects so many different illnesses, and cannabis works in the body because ECS elements are everywhere in the body and brain. For hundreds of millions of years, for vertebrates all over the planet, the endocannabinoid system has been balancing health and disease by maintaining homeostasis (balance) among the body’s biochemical and physiological systems. But don’t feel bad if you’ve never heard of it. As you’ll see, you’re not alone.

Despite all the ancient history, scientists only realized in the late 1990s that discoveries they’d been making since 1964 were connected to an ancient biological system that they eventually called the endocannabinoid system. At that time, two researchers in Israel discovered that THC was the intoxicating constituent of cannabis.

Since then, cannabinoid researchers around the world have sought to understand the system, to fully grasp its role in health and disease, and to use the ECS and cannabinoids to help people with health problems twenty-first-century medicine can’t safely fix. Yet today the system is all but unknown among most of the nation’s population, including many physicians.

Inside Healing with Cannabis

Part 1, “The Endocannabinoid System,” explains the ECS itself—its origins in the earliest forms of life on Earth, the evolution of its elements, and the discoveries, millions of years later, of more of its elements. These chapters also discuss endocannabinoids—the body’s own cannabinoids—and how they work in the body and brain, as well as cannabis and its constituents and the range of health benefits they confer throughout the body and brain.

Part 2, “Cannabis as Medicine,” describes state and federal laws that govern medical cannabis and how they affect access to the plant’s health benefits. It also details specific illnesses and what researchers say about how medical cannabis works for each one. You’ll also hear from doctors who use medical cannabis every day to treat illnesses and what they’ve learned from that treatment.

At the end of the book you’ll find a resources section with recommended medical cannabis organizations, education programs, and websites.

Onward

Like everything else in the realm of medical cannabis, the products and websites and research I’ve written about here change, mostly for the better, so fast you can’t believe it. So if something in the book or in the marketplace doesn’t match your needs today, keep searching—you’ll find it.

If your state doesn’t allow medical cannabis yet, try some of the good broad-spectrum CBD products that are increasingly available online, and follow the cannabis doctors’ dosing rule: start low and go slow. Remember that lots of organizations work every day to try to make medical cannabis available to anyone who needs or wants it.

In the meantime, despite the legal and regulatory blockade, researchers continue to learn about this ancient biological system that’s been evolutionarily conserved across a billion years, and the singular plant that’s vitalizing the medicine of the future.
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The body’s endocannabinoid system (From Shutterstock by Image seller in w)



Part 1

The Endocannabinoid System

In which we learn about the body’s endocannabinoid system (ECS). The ECS is how and why cannabis works in the body and brain to treat a range of health problems. We’ll explore the system’s ancient beginnings, its essential elements, and some of the most well known, so far, of the 565 cannabis constituents and their functions. And we’ll also explore the endocannabinoid system’s evolutionary emergence as an internal homeostatic regulator of nearly every function in the body and brain.




Chapter 1

Evolution, Revolution

To begin, for those who aren’t versed in the complexities of cannabis, the female plant is one whose flower is unlike any other, in more ways than one. The cannabis flower is a biochemical cooperative of working parts that together produce its more than 565 compounds, including the 120 cannabinoids that only cannabis can make.

[image: image]

Close-up of female cannabis plant in flowering phase (From Shutterstock by noxnorthys)

First, About Cannabis

On the female cannabis plant, mushroom-shaped glandular trichomes (try-komes) cover the plant’s main fan leaves and flowers. Resin spheres are on top of the trichome stalks.

Inside the spheres, the plant’s main products—cannabinoids (can-nab-in-noids) and other chemical constituents called terpenes (tur-peens) and flavonoids (flave-on-noids), and others—are manufactured. Terpenes arise in the essential oils of many plants, including pine and citrus trees. Flavonoids are plant chemicals in fruits and vegetables.
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Female cannabis flower with microscopic view of trichomes (From Shutterstock by mikeledray)

Plant biologist Jonathan Page of Anandia Laboratories in Canada, speaking at the 2017 International Association for Cannabis as Medicine Conference in Cologne, Germany, said that cannabis resin, produced in the glandular trichomes of female inflorescences (a plant’s flower head, including stems, stalks, and flowers), is the main source of cannabinoids, which are unique to the cannabis plant.1

[image: image]

Drawing of a cannabis glandular trichome. (Courtesy Owen Smith)

Glandular trichomes also produce terpenes, which are responsible for much of the scent of cannabis flowers and contribute to the unique flavor qualities of cannabis products, J. K. Booth and colleagues wrote in a 2017 PLoS One paper.2

In the cannabis plant, Page said during his presentation, trichomes are specialized epidermal cells, and glandular trichomes produce cannabinoids, terpenes, flavonoids, and other constituents and store them. He added, “Within that glandular head there is a disc of secretory cells, and these are essentially the biochemical factory of the cannabis plant.” Page also noted that the secretory cells themselves are not photosynthetic—they don’t absorb light and make sugar.3

[image: image]

Trichome in profile: For this extreme close-up the trichome was temporarily mounted in glycerol and viewed in transmitted light. (Courtesy ©David Potter 2009)

“They’re just receiving nutrients and carbon sources up from the leaf or the flower and turning them into cannabinoids and terpenes,” the plant biologist said. “And then they’re pumped out of that secretory disk . . . and . . . into a secretory cavity that’s bordered by the cuticle—that’s sort of the skin of the plant—and they pump the cannabinoids and terpenes . . . into a cavity beneath the cuticle. So in essence,” he said, “[the glandular head is] a balloon full of bioactive metabolites.”4

To date, researchers have identified 120 cannabinoids (Dr. Mahmoud ElSohly, research professor and professor of pharmaceutics at the University of Mississippi, email communication November 9, 2018), but for now the two main cannabinoids are delta-9 tetrahydrocannabinol (THC, tetra-hydro-can-nab-in-all), the main psychoactive constituent in cannabis, and cannabidiol (CBD, cannab-ih-dye-all), the main nonpsychoactive constituent. Plant cannabinoids also are called phytocannabinoids, phyto (fight-o) being from the Greek word for “plant.”

Terpenes, according to Ethan Russo, MD, are essential oil components that form the largest group of plant chemicals. He is a board-certified neurologist and founder and chief executive officer of CannabisResearch.org.

More than 200 terpenes have been reported in the plant, Russo wrote, and they, not cannabinoids, produce the cannabis aroma. Terpenes like limonene and pinene in cannabis flowers protect the plant from insects, and bitter terpenes like beta-caryophyllene in the lower leaves protect it from grazing animals.5
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Dr. Ethan Russo, a board-certified neurologist and founder and chief executive officer of credo-science.com. (Courtesy Cheryl Pellerin)

Genetics control terpene composition in the plant, and terpenes are pharmacologically versatile, Russo wrote, adding that they are lipophilic (dissolve in fats) and that they interact with cell membranes, neuron and muscle ion channels, neurotransmitter receptors, G protein-coupled receptors, enzymes, and more. Animal studies indicate that terpenoids (terpenes changed by drying the flowers) may be “relevant to the effects of cannabis.”6

In their 2017 Advances in Pharmacological Science publication,7 Russo and biochemist and medical cannabis safety expert Dr. Jahan Marcu wrote in detail about cannabis pharmacology and the contributions to cannabis’s physical and medical effects by some of the less-well-known phytocannabinoids and terpenoids.

“Analytical chemistry has revealed a rich and abundant ‘pharmacological treasure trove’ in the plant,” they wrote, quoting Professor Raphael Mechoulam’s 2005 British Journal of Pharmacology paper, “Plant cannabinoids: A neglected pharmacological treasure trove.” Mechoulam, an organic chemist and professor of medicinal chemistry at The Hebrew University of Jerusalem, is known worldwide as the grandfather of modern cannabis research.8

Mechoulam and colleagues in Israel kicked off the golden age of cannabis research, Russo and Marcu wrote, by isolating and synthesizing CBD, THC, and other phytocannabinoids, and Mechoulam’s work continues. Today, they added, “there are some 100 clinical studies and thousands of articles on the pharmacology and pharmacodynamics of cannabis and its influence on how humans eat, sleep, heal, and learn.”9

The Evolution Begins

No matter what you know about marijuana, there’s a bigger story—ancient and far-reaching. Ultimately it’s about the medical use of the flowering plant whose botanical name is cannabis, but this chapter shows what’s made it possible, for the past 5,000 years and right up to now, for healers and physicians to use cannabis, in all its forms, to treat in patients a broad and unlikely range of illnesses—maybe all of them.

What’s made it possible is the endocannabinoid system, the ancient biological system whose elements—endocannabinoids (cannabinoid-like molecules made in the body’s cells), enzymes, and receptors—work throughout the body and brain to balance health and disease. In a recent paper on cannabis pharmacology,10 Russo and Marcu called the ECS “perhaps the most significant human biological scientific discovery in the last 30 years.”

Among the three main endocannabinoid system elements, enzymes are the most ancient, according to Dr. Maurice Elphick, a biologist and professor of physiology and neuroscience in the School of Biological and Chemical Sciences at Queen Mary University–London. It all started well over a billion years ago, when one primordial enzyme-generated fatty acid arose in the earliest forms of life on Earth, possibly bacteria. Some time later, compounds like the endocannabinoids anandamide and 2-AG evolved out into the world, Elphick said in a May 2017 interview.
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Prof. Maurice Elphick, professor of physiology and neuroscience, Queen Mary University of London, with a Hercules beetle (Dynastes hercules). (Photo courtesy Dr. David Hone, senior lecturer and biology program director, Queen Mary University of London.)

“The molecules that we call endocannabinoids, like . . . 2-AG and anandamide, these so-called endocannabinoids themselves are very simple lipid [fatty-acid derivative] molecules, and in principle they could be synthesized in cells of almost any eukaryotic organism—plants, animals, and [single-celled] eukaryotic organisms,” Elphick explained. “So there’s nothing about their structure which suggests they couldn’t in principle be synthesized in most forms of life.”

Then, at least 590 million years ago, a primordial cannabinoid receptor evolved out into the world.11 At first there was only one receptor, and genome-sequencing technology helped present-day researchers up here in the future figure out that only vertebrates, and two kinds of invertebrate, eventually came equipped from the factory with cannabinoid-type receptors.

“If we collectively think of ourselves as being the vertebrates,” Elphick said, “being in a family along with fish and reptiles and amphibians, then our closest relatives are marine animals called sea squirts, which belong to a group of animals called chordates, together with an animal called an amphioxus [am-fee-ox-us].”

[image: image]

Sea squirt (Ciona intestinalis), vintage line drawing or engraving illustration (From Shutterstock by Morphart Creation)

But sea squirts and amphioxus had one receptor, not two as we vertebrates do.

“It’s clear what happened is that during evolution that single receptor gene you find in a sea squirt or amphioxus duplicated and gave rise to [the main cannabinoid receptors] CB1 and CB2,” Elphick explained. “Some would call it CBX or something like that . . . And when you look at the amino acid sequence, you can see that it’s a bit like CB1 and a bit like CB2.” For some reason, he said, “this particular receptor protein acquired the ability to bind the [endocannabinoid] chemicals quite well.”
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Amphioxus, vintage engraved illustration. La Vie dans la nature, 1890. (From Shutterstock by Morphart Creation)

That ability established the interaction between the endocannabinoids and what was the beginning of a cannabinoid receptor, Elphick said.

“Once that interaction occurred,” he added, “then it would over time have strengthened and ultimately given rise to this [endocannabinoid] signaling system that’s present in the brain but also in other parts of the body.”

So, beginning sometime after 590 million years ago, all vertebrates would have come equipped with the endocannabinoids, the cannabinoid receptors, and the specific enzymes that make up the whole endocannabinoid system.

People and Cannabis Cross Paths

Within the past 100 million years or so, flowering plants evolved, Elphick said. But the flowering plant called cannabis, in the family Cannabaceae, evolved in a much shorter time, no earlier than about 34 million years ago.12 Enter early primates around 4.4 million years ago, and then early humans (Homo sapiens) about 100,000 years ago, and they all came equipped with full-on endocannabinoid systems.

[image: image]

Duria Antiquior, a 1830 watercolor by geologist Henry de la Beche depicting life in ancient Dorset based on fossils found by Mary Anning. (From Wikimedia Commons. This image is in the public domain.)

We’ll never know what or who among the endocannabinoid-system-endowed vertebrates was first to stumble on cannabis, take a bite or heat up a brew of the interesting-looking flowering plant, and experience THC, the major psycho-active intoxicating cannabinoid in cannabis, in all its glory.

As it relates to cannabis, psychoactivity, for those unfamiliar with it, has been described by Dr. Ken Mackie, of the Department of Psychological and Brain Sciences at Indiana University–Bloomington, as “the mild euphoria, altered perceptions, sense of relaxation and sociability that often, but not always, accompany recreational cannabis use.”13
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Prehistoric people (From Shutterstock by E.G. Pors)
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Tree and stars, representing psychoactivity (From Shutterstock by Standret)

Because cannabidiol (CBD) isn’t intoxicating, no one back then would have known that they also were experiencing the many positive health effects of CBD, the other major cannabinoid in cannabis, and all the other cannabis compounds.

And they wouldn’t have known— even up here in the twenty-first century, some people, probably most of us, still don’t know—that the only reason cannabis works in the brain and body is because there’s an endocannabinoid system that lets it work.

The. Only. Reason.
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Chapter 2

The Endocannabinoid System Discovered

Travel and communication were a challenge 5,000 years ago, but word got around about cannabis, and not just about its unexpected intoxicating effects. Ancient cultures everywhere, each with their own names for the plant, discovered that cannabis was useful in spiritual rites and for a bunch of physical and mental conditions.

The ancient Chinese liked the female cannabis plant’s flowers and resin— where cannabinoids and other constituents are made—for menstrual fatigue, rheumatism, malaria, the vitamin B1 deficiency disorder called beriberi, constipation, and absentmindedness. Writers of the Chinese pharmacopeia at that time also noted, maybe in a nod to the plant’s psychoactivity, that patients who ate too many cannabis seeds could see demons, and that if anyone consumed cannabis seeds consistently over time they might be able to communicate with spirits.1

[image: image]

Furong Zhen was an ancient Chinese village in Hunan province. (From Shutterstock by Pavel Dvorak Jr.)

The Assyrians, who ruled large parts of the Middle East three thousand years ago, also liked cannabis for spiritual rites and medical conditions, and they left hundreds of clay tablets describing its use. Papaver somniferum, the opium plant, also was one of their important drugs. In later chapters we’ll discuss the links among opioids, cannabis, and endocannabinoids.
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Authors of the Chinese pharmacopeia wrote that patients who ate too many cannabis seeds could see demons. (Shutterstock by Roxana Gonzales)
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Papaver somniferum, known as poppy tears or Lachryma papaveris. (From Shutterstock by Emilio100)

Over time, the practice of using cannabis to treat medical and spiritual problems of all kinds spread to the ancient Egyptians, practitioners of the Brahman religion in India, the Persians, northern Mediterranean societies, and many others.2

From Fish to People

Thousands of years later, on the other side of the world, using cannabis was briefly not illegal in the United States.

[image: image]

Title page, U.S. Pharmacopeia 1850/1851 (Courtesy U.S. Pharmacopeia)

Beginning in 1850, the US Pharmacopeia listed cannabis as a treatment for neuralgia, tetanus, typhus, cholera, rabies, dysentery, alcoholism, opioid addiction, anthrax, leprosy, incontinence, gout, convulsive disorders, tonsillitis, insanity, excessive menstrual bleeding, uterine bleeding,3 and an amazing range of other serious disorders, many of which—you know, opioid addiction, alcoholism, insanity, for example—could benefit today from a plant that has few side effects and a five-thousand-year record of safe medical use.

No one yet knew why or how cannabis worked, but that didn’t stop anyone from using it as medicine, or for any other reason.

In 1964—after 600 million years of vertebrates with endocannabinoid systems—the first hint surfaced that something besides getting high and treating a ridiculous range of illnesses was going on with cannabis. Up until then, and for another couple of decades, almost no one had a clue that there might be a network of receptors in the brain and body that, along with the other ECS elements, was responsible for the effects of cannabis on those who smoked it, and for the function of nearly every physiological and biological process in every vertebrate, from fish to people.

The Modern Era Begins

Researchers had been working since the 1930s and ’40s to isolate active compounds in the cannabis plant, Dr. Raphael Mechoulam and Dr. Shimon Ben-Shabat wrote in a 1999 Natural Products Reports paper.4 But it wasn’t until 1964 and improvements in laboratory technology that Mechoulam and Dr. Yehiel Gaoni at Hebrew University–Jerusalem in Israel “were able to separate numerous new cannabinoids, a term which we suggested then and which has received wide acceptance,” Mechoulam wrote. The work led them to identify one of the cannabinoids as the intoxicating compound in cannabis.
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Prof. Raphael Mechoulam, 2009 (From Wikimedia Commons by User:Tzahi, used with permission)

They called it delta-1 tetrahydrocannabinol (THC).5 Later, because of chemical naming rules, it was changed to delta-9 THC, according to a 2007 published conversation with Mechoulam.6

“In a sense,” Maurice Elphick said during his May 2017 interview, “that was the beginning of the modern era, inasmuch as once we knew what the psychoactive constituent of cannabis was, it became feasible to start to think about how it works and find molecular components that it’s interacting with.”
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Martin A. Lee, journalist, author, and director of Project CBD. (Courtesy Martin A. Lee). Inset, project CBD logo (Courtesy Martin A. Lee)

In a 2010 article, author, journalist, and director Martin A. Lee of Project CBD, an expert website dedicated to medical cannabis and cannabinoid science, wrote, “In the two decades following the identification and synthesis of THC by Mechoulam and his colleague Y. Gaoni in Israel in 1964, scientists learned a great deal about the pharmacology, biochemistry, and clinical effects of cannabis. But no one really knew how it worked— what it actually did inside the brain on a molecular level to alter consciousness, stimulate appetite, dampen nausea, quell seizures, and relieve pain. No one understood how smoked marijuana could stop an asthma attack in seconds, not minutes. No one knew why it lifted one’s mood.”7

It wasn’t until around 1984, twenty years later, Elphick said, that researchers began to get indications about what the cannabinoid receptor was like, at least biochemically.

They knew there had to be at least one receptor because that’s how drugs or plants or compounds work in the body and brain—through receptors on cell membranes or inside cells.

In the mid-1980s, according to Professor Roger Pertwee in a 2006 British Journal of Pharmacology article, Dr. Allyn Howlett and her graduate student William Devane at St. Louis University–Missouri did groundbreaking work that offered conclusive evidence of the existence of a cannabinoid receptor.8
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Prof. Roger Pertwee, biochemist and emeritus professor in the School of Medical Sciences, Institute of Medical Sciences, University of Aberdeen-Scotland. (Courtesy Wellcome Trust)

In the period from 1990 onward, Elphick said, researchers gradually discovered the molecular components of the endocannabinoid system.

Cannabinoid Receptors Discovered

One of the receptors was confirmed in 1990, Pertwee wrote, when Dr. Tom Bonner’s lab at the US National Institute of Mental Health cloned a rat cannabinoid receptor, later called CB1. In 1991, Dr. C. M. Gérard and colleagues at the Institute of Interdisciplinary Research in Brussels, Belgium, cloned a human CB1 receptor.9 Then in 1993, Dr. Sean Munro’s lab at the MRC Laboratory of Molecular Biology in Cambridge, England, cloned a second cannabinoid receptor, CB2.10

CB1 and CB2 are G protein-coupled receptors (GPCRs), the largest and most diverse group of cell membrane-embedded receptors in eukaryotes, (the domain that includes animals, people, plants, and any other life form whose cells have a membrane-enclosed nucleus that contains genetic material).11

GPCRs play a role in many brain and body functions, and at the cell surface they get signals from light energy, peptides, sugars, proteins, and lipids.12 The two major endocannabinoids are also lipids, and they were discovered within a couple of years of the cannabinoid receptors.

Here’s what the Nature education website has to say about them: GPCRs consist of a single polypeptide (a chain of amino acids that form proteins) that’s folded into a globular shape and embedded in a cell membrane. These receptors have seven segments that span the cell membrane and have loops inside and outside the cell. The loops outside the cell form part of the pockets where signaling molecules like endocannabinoids bind to the receptor.13

[image: image]

Typical structure of a G protein-coupled receptor, illustration (From Shutterstock by ellepigrafica)
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Comparison illustration of eukaryotic and prokaryotic cells (From Shutterstock by Aldona Griskeviciene)
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Terry Moore cartoon, librarian (Courtesy TerryMooreArt.com)

Next we’ll discuss the names and functions of the endocannabinoid system elements, which include endocannabinoids, enzymes, and receptors. This is where, as I mentioned, some of the words will be long and hard to pronounce (ow). Thankfully, we have acronyms and that’s what I’ll use afterward throughout the book. Some illustrations of these ECS elements won’t make immediate sense unless you’re a cannabinoid researcher or a cell biologist, but they’re interesting and I figure you might want to see them anyway.

Endocannabinoids Discovered

In 1992, Dr. William Devane, who with Dr. Allyn Howlett in the mid-1980s had found conclusive evidence of a cannabinoid receptor, was working in Raphael Mechoulam’s lab at Hebrew University–Jerusalem with Dr. Lumir Hanus when they discovered, in pig brain tissue, the first natural endocannabinoid. It was the fatty-acid derivative arachidonoyl ethanolamide (AEA), which they called anandamide,14 the Sanskrit word for supreme joy.15

In 1995, also in Mechoulam’s lab, Devane and Dr. Shimon Ben-Shabat discovered the second natural endocannabinoid, the fatty-acid derivative 2-arachidonoylglycerol (2-AG), which the lab isolated from canine gut tissue.16 Also in 1994–1995, a research group led by Dr. Takayuki Sugiura at Teikyo University in Japan reported that 2-AG worked at the cannabinoid receptors.17
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Molecule of the endocannabinoid anandamide (By Ellen Seefelt)
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Molecule of the endocannabinoid 2-AG (By Ellen Seefelt)

Endocannabinoids have a profile of biological activities similar to that of THC, according to a 2001 Journal of Cannabis Therapeutics paper18 by McPartland and Pruitt, and endocannabinoids explain why people, among other vertebrates, have receptors that are sensitive to cannabis compounds. Plant cannabinoids, they added, are simple mimics of the endogenous (self-produced) cannabinoids.

Enzymes, the Final Element

Soon after 1995—and 1 or 2 billion years after the first enzyme appeared in some of the earliest life on the planet—researchers identified the enzymes involved in synthesizing or degrading the endocannabinoids in the body’s cells.


• Fatty acid amide hydrolase (FAAH), which degrades anandamide, its relationship to anandamide reported in 1993.19

• Monoglyceride lipase (MAGL or MGL), which degrades 2-AG, its relationship to 2-AG reported in 2002.20

• Diacylglycerol lipases (DAGL or DGL alpha and DGL beta), which synthesize 2-AG, their relationship to 2-AG reported in 2003.21
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Fatty acid amide hydrolase (FAAH) is the enzyme that degrades anandamide. (Courtesy Orientations of Proteins in Membranes database, Lomize Group, College of Pharmacy, University of Michigan, used with permission)
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Monoacylglycerol lipase (MAGL) is the enzyme that degrades 2-AG. (Courtesy Orientations of Proteins in Membranes database, Lomize Group, College of Pharmacy, University of Michigan)
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Diacylglycerol lipase (DGL) is the enzyme that biosynthesizes 2-AG. (Courtesy Orientations of Proteins in Membranes database, Lomize Group, College of Pharmacy, University of Michigan)
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N-acylphosphatidylethanolamine-phospholipase D (just call it NAPE-PLD) is the enzyme that biosynthesizes anandamide. (Courtesy Orientations of Proteins in Membranes database, Lomize Group, College of Pharmacy, University of Michigan)


• N-acylphosphatidyl-ethanolamine-phospholipase D (NAPE-PLD), which synthesizes anandamide, its relationship to anandamide reported in 2004.22 (And really, don’t try to say that.)



All the essential elements of the endocannabinoid system were identified, but a few years passed before the big picture started taking shape.

Raphael Mechoulam: In His Own Words

Throughout this discovery time line of the endocannabinoid system and its elements, Professor Raphael Mechoulam has been at work in his lab at Hebrew University and with colleagues in his lab and around the world. Here, in a June 2019 email, he describes a small part of his body of work.

In 1940, CBD was the second cannabinoid to be isolated after cannabinol (CBN). Mechoulam “re-isolated CBD in 1963 and elucidated its structure,” he writes. “In 1964, my colleague Dr. Yehiel Gaoni and I isolated pure THC (I believe for the first time in pure form) and elucidated its structure. We also did that for numerous other plant cannabinoids (cannabigerol, cannabichromene, etc.). We also synthesized most of these molecules.

“Over the next few years we worked on the medicinal chemistry, metabolism, pharmacology, and clinical effects (always with colleagues).

“In the early 1990s I invited Bill Devane as a post doc. We first worked on the chemistry needed to possibly identify an endogenous cannabinoid. Together with other workers in my lab and colleagues (in Israel and abroad) we identified the first endogenous cannabinoid (anandamide) in 1992 and a second one in 1995.

“The mammalian body also prepares numerous anandamide-like compounds which are of physiological importance,” he concluded. “With colleagues in the US, Canada, Italy, and Israel, we found that one plays a role in brain trauma, another in osteoporosis, a third one in nicotine addiction.”

The Endocannabinoid System Does What?

The primordial ECS enzyme didn’t appear in bacteria a billion or more years ago just so Mother Nature could be sure that whoever smoked, inhaled, ate, or drank a brew of cannabis a billion years in the future would get high. No. So why was there an evolving endocannabinoid system starting 590 million-ish years before people existed, and about 550 million years before cannabis even appeared on Earth?

“The real turning point came in 2001,” Elphick said during his March 2017 interview, “when a group of papers23 were published that pretty much gave the first indication as to what the physiological role of this endocannabinoid system was in the brain, at least at the level of how cells communicate with each other.”

For a hundred years or more, Elphick explained, it had been understood that cells communicated by sending signaling molecules (like neurotransmitters) from one cell to the next, all going in one direction. But, he said, it turned out that endocannabinoids are a class of compounds that communicate mainly backward across the synapse (gap) between cells.

Backward?

I didn’t fully appreciate the significance or the purpose of this behavior—what possible reason could endocannabinoids have to go backward?—until I spoke with Greg Gerdeman, PhD, a neuroscientist and chief scientific officer with the Colorado-based medical cannabis company United Cannabis (UCANN), during a May 2017 interview.

[image: image]

Dr. Greg Gerdeman is a neuroscientist and chief scientific officer with the Colorado-based medical cannabis company United Cannabis (UCANN). (Courtesy Joseph Siciliano) (Courtesy Joseph Siciliano)

He was one of the researchers involved in discovering that endocannabinoids were retrograde (they go backward) messengers. Gerdeman began his part of the endocannabinoid cell-signaling chronicle by discussing scientists who are now seen as giants in the field of neuroanatomy.

Spaniard Santiago Ramón y Cajal and Italian Camillo Golgi did research in the late nineteenth and early twentieth centuries and shared the 1906 Nobel Prize in Physiology or Medicine for their work on the nervous system’s structure, Gerdeman said during a May 2017 interview. Ramón y Cajal traced neurons using tools of the time—stains of static brain cells—and he and Golgi created staining techniques that Gerdeman said “visualized neurons beautifully.”
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Plate XIII. Ganglion cell types in the convoluted gray layer of the pes hippocampi major. (From Wikimedia commons. Source: Golgi, C. Sulla fina anatomia degli organi centrali del sistema nervoso. Reggio-Emilia: S. Calderini e Figlio; 1885. Reprinted in: On the fine structure of the pes hippocampi major (with plates XIII–XXIII). Brain Research Bulletin, 2001, Vol. 54, No. 5, p. 473. This image is in the public domain.)

It was only in the 1830s, he added, that scientists Theodor Schwann, Matthias Schleiden, and Rudolph Virchow developed cell theory, which proposed that all living things are made up of one or more cells, that the cell is the basic unit of life, and that new cells come from existing cells.

But at the turn of the century, Gerdeman said, it was controversial to think that cell theory applied to the brain, which many considered the seat of the soul and way too complex to be broken into individual cells. Ramón y Cajal, because of the staining method he and Golgi worked on, thought the brain was made of cells called neurons connected by gaps that later became known as synapses. Golgi thought the brain was a continuous network.

“It turns out,” Gerdeman said, “that modern neuroscience is showing both of them to be right. Neurons are connected by electrical synapses . . . that are the same electrical conduits that connect all the cells in the heart, for example, and allow them to be an electrically continuous tissue.” He added, “But it is important for understanding the value of the retrograde [backward!] messenger idea because the gaps between cells were part of what [Ramón y] Cajal codified as the neuronal doctrine of the nervous system.”
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Human cell structure (From iStock by lvcandy)

One of the doctrine’s tenets was that between neurons are gaps called synapses and the flow of information across the synapses goes one way, Gerdeman said. The thinking, he added, “was that these big broad dendritic trees on neurons were receivers and that the lone axon, a little thin tube that projects often-times a great distance, is a transmitting wire, and that the flow of information goes only from one cell, across the synapse, and to the dendrites or cell body of the next cell.” For the next century there wasn’t a lot of reason to doubt that, and the synapse model became revolutionary in understanding the brain.
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Structure of a typical synapse (From Shutterstock by Designua)

In large ways that’s true, Gerdeman said, adding, “The brain is an electrical organ and the most complex structure that we know of in the universe, and those pathways of electrical conductance are largely a matter of dendrite to axon to synapse, and it flows that way.”
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Multipolar neuron (By Bruce Blaus, Blausen.com staff [2014]. Medical gallery of Blausen Medical, 2014 (From WikiJournal of Medicine 1;2, doi:10.15347/wjm/2014.010. ISSN 2002-4436. This file is licensed under the Creative Commons Attribution 3.0 Unported license.)

But, he said, “the ability of the brain to adapt and respond and learn on a cellular and a circuit level is greatly enhanced if information can go the other way as well, and if cells can adjust their own synaptic inputs simply by releasing some sort of feedback molecules, and the endocannabinoids act as feedback, but not just feedback.”

Gerdeman said the two main endocannabinoids and their retrograde signaling are part of a mechanism of resilience in the brain that’s activated in response to trauma like stroke or traumatic brain injury, or electrical activity gone crazy as in epileptic seizures.
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Retrograde signaling (Courtesy Cayman Chemical)

Protective for Brain and Body

This finding, Gerdeman said, was the first indication that the endocannabinoid system is a protective mechanism—protecting brain and body against insults like epilepsy, inflammation, neurodegeneration, brain trauma, and stroke—just like the immune system is protective against viruses, bacteria, and other pathogens.

Over time, and after work by Gerdeman and other researchers in the field, it was established that endocannabinoids were the first really clear example of retrograde signaling, and they were all over the brain.

“There are so many CB1 receptors for the endocannabinoids that this is not a small thing where some brain areas give negative feedback. It’s a huge mechanism by which the brain works, by which postsynaptic cells refine their presynaptic inputs,” he explained. “A given neuron in the brain can easily have 10,000 unique synapses. The endocannabinoids are a way that, within that complex dendritic tree on a neuron, some pathways can be tuned down and others can be tuned up. It’s like a gain control at a very sophisticated level.”
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Dendritic tree of a Purkinje neuron stained with the silver Golgi method. The dendrite surface is full of small dendritic spines. (From Shutterstock by Jose Luis Calvo)

Retrograde signaling is important, Gerdeman says, because it has to do with the computational potential of the vast supercomputer of the brain and with tapping this mechanism.

“It’s not only a way of feedback—you know, control against overexcitation—but it becomes a mechanism for associative learning because cells have evolved ways where, if you imagine a neuron with a very complex dendritic tree with lots of inputs, inputs from the left side that cause the cell to release endocannabinoids on the right side to dampen those inputs,” Gerdeman said. “So it’s not just a way to dial the synapses up and down directly, but it allows all kinds of complexity.”

For example, he said, “the easiest way to explain this in terms of controlling seizures and neurotoxicity [is that] the transmitter glutamate—which is sort of a primary ‘on’ switch, an excitatory transmitter in the brain—is toxic when there’s too much of it. And one of the primary roles of this endocannabinoid retrograde mechanism may be the context in which it evolved in the first place, in that when a cell receives a very strong onslaught of excitation, [the retrograde mechanism] acts as a simple negative feedback.”

The cell is driven so strongly, he said, “that it releases endocannabinoids, which hit the presynaptic terminal’s receptors and turn down, or inhibit, the release of glutamate. . . . Too much excitation, turn it down. That is precisely what goes on with epilepsy, with seizure activity in the brain. And we now understand the endocannabinoids to be a sort of primary on-demand defense against excitotoxicity in the brain.”

The term on demand means that the endocannabinoids—anandamide and 2-AG—aren’t stored in the postsynaptic cell until they’re needed for retrograde signaling to the presynaptic cell. Rather, they’re biosynthesized by enzymes inside the postsynaptic cell as they’re needed, then released into the synapse to travel backward to the presynaptic cell. There, through CB1 receptors, the endocannabinoids inhibit the release, in this example, of the excitatory neurotransmitter glutamate, and when their job is finished, other enzymes degrade (disassemble) the endocannabinoids.

Ethan Russo gives another example, this one involving how endocannabinoid retrograde signaling helps neuropathic pain (caused by damaged nerves). Neuropathic pain is a common condition associated with multiple sclerosis, diabetes, HIV/AIDS, and other disorders, and “it’s notoriously hard to treat with conventional drugs,” Russo said.

Glutamate is one of the main stimulatory neurotransmitters, but when it’s present in high concentrations it can create neuropathic pain and may even help kill brain cells after a head injury or a stroke, he added. The endocannabinoids anandamide and 2-AG are naturally secreted after such insults and in this case act to inhibit glutamate release, easing nerve-based pain and reducing cell death.24

Gerdeman called the endocannabinoids “part of our brain’s mechanism of resilience in response to trauma and electrical activity gone crazy. We have an electrical organ of unimaginable complexity, in our case, and it can get turned up too high and cause damage.”

The endocannabinoid system evolved to turn the system down, scale it down, to protect it, Gerdeman said, adding, “I’m rather convinced that the evolutionary emergence of the endocannabinoid system in this way was a necessary prerequisite for the evolution of the complex brains of vertebrates.”
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X-ray head of human. (From Shutterstock by Suwan Wanawattanawong)
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