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About the Author


Bonni Goldstein, MD, is the medical director of Canna-Centers, a Los Angeles–based medical practice that helps patients use cannabis for serious and chronic illnesses. She specialized in pediatric emergency medicine for years before witnessing the amazing benefits of this treatment in an ill loved one. Since then, she has successfully treated thousands of adult and pediatric patients with cannabis medicine and regularly speaks about the topic at conferences and to patient groups around the world. She is a board member of the International Association for Cannabis as Medicine and is medical advisor to Weedmaps.com. Dr. Goldstein was awarded 2017 Medical Professional of the Year by Americans for Safe Access.









Praise for Dr Bonni Goldstein:


‘Dr Goldstein sets the record straight on cannabis, offering an in-depth, scientific look at the potent healing power of this much-maligned plant. Anyone considering cannabis medicine for themselves or a loved one needs to read this book.’ Dr Mark Hyman


‘Cannabis Is Medicine tells it like it is. For far too long the important medicinal potential of the cannabis plant has been at least overlooked, and at worst, aggressively stigmatized. The incredible potential of cannabis derivatives across a wide panorama of medical conditions is now widely embraced by highly respected science. And Dr Bonni Goldstein has done a magnificent job of eloquently presenting this science to augment our tools as healthcare providers as well as for consumers at large. A powerful validation of the healing properties of cannabis.’ Dr David Perlmutter, bestselling author of Grain Brain and Brain Wash









About the Book


Millions of people around the world are healing illnesses with cannabis. Nonetheless, many doctors remain reluctant to discuss cannabis medicine with their patients. And with so much conflicting misinformation from unreliable sources, finding out if cannabis could be an effective treatment can feel nearly impossible.


Dr Bonni Goldstein has helped thousands of patients suffering from chronic, difficult-to-treat conditions improve with cannabis. In this revelatory book, she explains the current state of scientific research on how cannabis interacts with human physiology to create homeostasis – balance – leading to good health. Many of the plant’s compounds, including CBD, and their therapeutic effects are explained in detail. Readers will learn how Dr Goldstein has guided patients through the confusing array of cannabis-based products now available, with detailed guidance on what to avoid, and how her patients have been able to customise a personalized cannabis regimen. Dr Goldstein presents 28 common conditions for which patients have found cannabis treatment to be helpful, including cancer, insomnia and gastrointestinal disorders.


As medical cannabis laws continue to evolve, it is more vital than ever for struggling patients to understand the benefits of this plant from an honest, medicine-based perspective. Educational, practical, and thorough, Cannabis is Medicine empowers patients to make informed decisions about this natural medicine and improve the quality of their lives.









For my family, who love and support me unconditionally.
And for my patients, who are the true pioneers
in the fight to use cannabis as medicine.









Author’s Note


First, Do No Harm


I don’t recall exactly when I learned my mother had suffered from seizures. I think I was in high school when she finally talked to me about her medical history, and while there had always been intimations, I felt shocked to hear about it. When I look back on my childhood, I see clues, despite her keeping it a secret from just about everyone.


My mother didn’t drive when I was a little girl growing up in Brooklyn. Because there was an abundance of public transportation, it didn’t seem that strange, and most of my friends’ mothers didn’t drive either. When we moved to the suburbs in New Jersey, I noticed that my mother was the only one who didn’t drive. We never talked about it, and eventually my mother did get her driver’s license, but it was many years before I learned the real reason she didn’t have one in the early part of my childhood.


At about the same time that I began dreaming about being a doctor, I became aware that my mother took medications every night. Two big prescription bottles sat in the upper cabinet next to the kitchen sink, and whenever I asked about them, she gave a vague answer. I remember getting a sense that this wasn’t something she wanted to talk about, so I stopped asking. A few years later, when I was a teenager, I was standing next to her by the kitchen cabinet where the medicine bottles were kept and again asked her about her medications, completely unaware of the story she finally decided to share.


That day she told me that when my sister was two years old and I was just an infant, she had her first grand mal seizure in a Brooklyn playground, followed by two more seizures over the next few days. She eventually went to see a neurologist, and while she was in his office she had another seizure. She was hospitalized and immediately, she, my father, my grandmother, and my uncles were told that she might die. Diagnostic studies of the brain in the early 1960s were quite limited, and the doctors did not know what was causing the seizures. Started on phenytoin (Dilantin) and phenobarbital, she responded positively and was told to continue taking them for the rest of her life.


My grandmother, an uneducated and superstitious immigrant, was in complete denial that my mother had epilepsy. She was terrified and embarrassed at the same time. Because of this, my parents became tight-lipped about what had happened. It just was not discussed or shared with anyone.


I learned much later that even though the medications stopped her seizures, the side effects were difficult to tolerate. She became excessively hirsute and had significant lethargy and fatigue, making the care of two small children particularly challenging. She also had severe gingival hypertrophy, an overgrowth of gum tissue and a common side effect of phenytoin, which led to a lifetime of problems with her gums that still continue. I recall being in middle school and finding out that my mother had to have oral surgery for a terrible problem she was having with her gums. She stayed in bed for days with severe pain after the procedure. I can still see her there with ice on her swollen cheeks, black-and-blue, unable to talk or eat. Little did I know at the time that this was a result of her seizure medication.


After my sisters and I graduated from high school, my mother decided that she just couldn’t tolerate the side effects of the medication any longer and that she was finished with it. She didn’t consult her doctor or even gradually wean herself off the drugs but rather just stopped taking them. Fortunately, she experienced no repercussions from this arguably risky decision and remains seizure-free today. Meanwhile, I continued to pursue my medical degree and eventually became a doctor, working primarily in pediatric emergency medicine and urgent care. I loved my work, saving lives at the county hospital and teaching medical students and residents, but once I had my son, things changed. I had thought I could manage working nights and being with my son during the days, but after a few years, it grew more and more difficult, as I didn’t feel truly present when home with my family. I was a very good pediatric ER doctor, but my frustrations from the exhaustion of night work and trying to be a caring physician in a broken system eventually wore me down.


After I took a leave of absence, a sick friend asked me about medical cannabis, putting it on my radar for the first time. Once I started reading the scientific literature, I grew incredulous that despite the discovery of the endocannabinoid system, the most widespread receptor system in the human brain, and my years of science-based education and medical training, I knew absolutely nothing about cannabis and how it works. Intrigued, I continued to read and study everything I could find about cannabis and soon decided to work part-time in a local medical cannabis clinic. I was surprised to find that the patients I met were just everyday people who went to work, had families, and had medical conditions that were not responding to conventional medications or traditional Western medical interventions. These were people who simply wanted a better quality of life.


I haven’t looked back since.


Cannabis was not medically available or used as an anticonvulsant during the years my mother took antiseizure medications. In 1970, five years into her epilepsy diagnosis and treatment, the federal government classified cannabis as a Schedule I controlled substance with the passage of the Controlled Substances Act. Defined as a “drug or other substance that has a high potential for abuse, has no currently accepted medical use in treatment in the United States, and is lacking accepted safety for use of the drug or other substance under medical supervision,” cannabis maintains its Schedule I classification to this day. This has virtually shut down all research on the multitude of compounds in cannabis that we now know have low risk for abuse, true and proven medical use, and an excellent safety profile, especially with medical supervision. Scientists had started significant cannabis research in the 1960s and were gaining knowledge of the phytocannabinoids, but this act by Congress completely closed the door on advancing cannabinoid science. After the discovery of the endocannabinoid system in the late 1980s, investigations in the field have exploded, especially in the last decade and mostly outside the US.


I am angry that my mother suffered, and continues to suffer, from the side effects of medications she took to alleviate her epilepsy. My mother’s suffering was in part due to the propagation of false claims about cannabis, claims based on ignorance and greed. The false claims persist, despite the fact that millions of patients who could be helped by cannabis continue to suffer with medical conditions that are not responding to conventional treatments, and millions more grapple with intolerable side effects of those treatments. As a physician, I took an oath to “do no harm.” After treating thousands of patients with medical cannabis, I can assert that the compounds in cannabis relieve unnecessary suffering with few or no adverse side effects.


I have witnessed sick and desperate patients have a complete turnaround in the quality of their lives. Cannabis medicine must be available as an option or alternative to current first-line treatments, especially if those treatments have harmful or potentially fatal side effects. If a pharmaceutical with the properties of cannabis were synthetically created and introduced today, the medical community would embrace it with open arms and tout it as a miracle drug.


It’s been over fifty years since my mother developed epilepsy when I was a small child, and I get emotional thinking about her needless suffering. Many physicians find their vocation from early experiences with ill relatives and friends. While I had little awareness of my mother’s struggles with seizures and medications, I find that her life and experience have indeed informed mine. I wish medical cannabis had been available to my mother. I cannot undo what she endured. I can help others, though, by sharing the current knowledge about cannabis and cannabinoid science. I have written this book so you and your loved ones, who may be suffering as my mother did, can move past the false propaganda that continues to this day and understand how cannabis is medicine.









Introduction


Written by my patient Elise, as told to me in February of 2016, and whose story appears in chapter 5:




As a little girl, whenever I was alone — outside digging in the dirt or absentmindedly swinging on the swing set, splashing or playing in the bathtub — I would start humming a tune. I’d start softly and then grow bolder, add in little trills and jazzy riffs, each note a bit louder than the next. As I got older, I’d experiment with dropping my voice down to get to the lower notes and more dramatic effects. I had been exposed to singers like Judy Garland, Billie Holiday, Frank Sinatra, and Nat King Cole, and then to songwriter-artists like Joni Mitchell, Bob Dylan, and Carole King. I listened to James Taylor, Cat Stevens, and ’60s Motown, and I recall at age twelve or thirteen thinking that Phoebe Snow was the ultimate in cool. Singing brought me freedom and joy, always, or at least until the pain started and I was diagnosed with rheumatoid arthritis. Over those years and the many that followed, in my late teens and early twenties, I didn’t do that much singing, but on the occasions when I did, singing was one of the few things I could do to forget almost completely the way my body felt. During those moments, I tasted a little bit of freedom and was released from the pain and the loss of everything I used to be — all of my former life — even for a few minutes. I have noticed lately, though, that during the process of taking my cannabis medicine that I am humming again, albeit weakly with little breath or power. The humming grows stronger as I feel the medicine through my system, and I find myself adding jazzy riffs right and left, treating my voice like a slide trombone. I can go mournfully low and tragic like Billie and then trill upwards sweet and high like Ella. I imagine myself as sultry and sassy, as confident as Peggy Lee. It’s as if cannabis has helped me to unlock the box in which I’ve kept my own personal songbird. This may be a small thing, but if anyone knows how it feels to be trapped in a constantly malfunctioning body, they would realize what an enormous gift it is to feel well, to feel strong and capable at something again for the first time in over a decade. I was locked in a prison of illness and pain, and cannabis unlocked the door for me to break free.












How to Use This Book


I have spent the last decade educating and explaining medical cannabis to patients, politicians, and medical professionals. In order to understand how cannabis can do all that it is advertised to do, you must first understand the plant itself. In the first part of this book, chapter 1 discusses the many different compounds that make up the cannabis plant. Chapter 2 explains our endocannabinoid system, its purpose, and how it interacts with the compounds found in cannabis. Diseases associated with an imbalance of the endocannabinoid system are also discussed. The safety of cannabis use is discussed in chapter 3. Chapter 4 delves deeply into the science of the various medicinal compounds found in the cannabis plant, reviewing the latest research of how and why they are effective. Chapter 5 gets into how to use cannabis as medicine, including how to read labels, ratios versus concentrations, and dosing. Special considerations for certain conditions and populations are discussed in chapter 6. Part II details a multitude of ailments in which cannabinoid medicine may play an important role.


Interspersed throughout the book are incredible stories of patients who have had success with using cannabis medicine. These patients were able to overcome medical conditions that were negatively affecting their quality of life, and they were all so eager to share their journey that led them to cannabis treatment. (Note that the names of some of the patients who shared their stories have been changed to protect their privacy.)


The appendixes include a time line of the history of cannabis as well as information on the pharmacokinetics of cannabis medicines, discussing the absorption, metabolism, and excretion of cannabinoids. Facts about the phytocannabinoids and terpenoids are listed in two charts that readers can use as references.


This book is not meant to give specific medical advice for your particular condition, as the use of cannabis medicine is not “one size fits all.” Each person has their own goals of treatment and will respond uniquely to the many options within the cannabis medicine armamentarium. The goal of this book is to help you understand if cannabis may be an option for you or your loved one. The latest scientific information is presented in addition to my clinical experience with patients; however, research on cannabis is still severely restricted, leaving us with many unanswered questions. Please consult your physician before starting a cannabis regimen.









PART I


The Science of Cannabis









CHAPTER 1


The Cannabis Plant


In order to understand the medicinal value of the cannabis plant, you first need to learn about the many compounds found within it. The cannabis plant is dioecious (meaning it has male and female plants) and is made up of more than five hundred different chemical compounds.1 When taking cannabis as medicine, you are by definition taking a mixture of many natural compounds that work together in balance with one another. In contrast, pharmaceutical medications routinely contain only one active compound.


The Latin name of the plant is Cannabis sativa, in the family called Cannabaceae. Other plants in this family are Humulus (hops) and Celtis (hackberries). These plants share an evolutionary origin but are quite different from one another. The cannabis plant contains biologically active compounds called phytocannabinoids, terpenoids, and flavonoids. These chemicals interact with the brain and body chemistry, causing certain effects. Hundreds of different cannabis varieties are grown all over the world, each containing varying amounts of the more than five hundred different compounds. Some varieties may have more or less of certain cannabinoids or terpenoids; it is these differences that cause the various medicinal effects. Contrary to popular vernacular, plants do not have “strains.” We call the different varieties or types of cannabis “chemovars,” which is short for “chemical varieties.”


What Are Phytocannabinoids?


The term “cannabinoids” is very general and refers to a group of chemical compounds that are typically made up of twenty-one carbon atoms in a three-ring structure. The prefix “phyto” added to the word refers to the cannabinoids that are found exclusively in the cannabis plant. The two predominant and most studied phytocannabinoids are THC (delta-9-tetrahydrocannabinol) and CBD (cannabidiol). Approximately 140 phytocannabinoids have now been identified, and likely more will be discovered; however, only a few have been researched significantly.


Other phytocannabinoids found in the cannabis plant, often referred to as “minor” or “secondary” cannabinoids, include cannabinol (CBN), cannabigerol (CBG), cannabichromene (CBC), cannabicyclol (CBL), cannabivarin (CBV), cannabidivarin (CBDV), and tetrahydrocannabivarin (THCV). The medicinal effects of the most commonly used phytocannabinoids are reviewed in detail in chapter 4.
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Molecular structures of THC and CBD.


A Few Important Notes About Phytocannabinoids




•Phytocannabinoids were initially thought to be species-specific to the cannabis plant, which means they are not found in any other plant species. However, phytocannabinoids other than THC have been discovered in a few other plants, namely those from the genera Echinacea, Helichrysum (sunflowers), and Radula (liverworts).


•As mentioned, the term “cannabinoids” is very general, and it refers to a specific group of chemical compounds. Cannabinoids are found naturally in two places: plants and animals, including humans. “Phytocannabinoids” refers specifically to the cannabinoids that occur naturally in plants. “Endocannabinoids” refers specifically to the cannabinoids made by cells in humans and other animals. Cannabinoids can also be synthesized in a laboratory setting; these are referred to as “synthetic cannabinoids” and are primarily used in research.


•Do not get confused by the acronym “CBD.” CBD stands for the phytocannabinoid “cannabidiol,” not “cannabinoids.” Many people incorrectly say “the CBDs,” but CBD is not plural. THC is not referred to as “THCs” because it is one compound. CBD also is one compound.





How the Cannabis Plant Makes Phytocannabinoids


Phytocannabinoids are synthesized and concentrated in a viscous resin in an unfertilized female plant’s glandular trichomes, which are tiny, sticky hairlike formations on the cannabis flowers.


When the cannabis plant synthesizes phytocannabinoids, geranyl diphosphate — the precursor to both phytocannabinoids and terpenoids — couples with olivetolic acid to produce cannabigerolic acid, which is then exposed to three enzymes: THCA synthase, which creates THCA; CBDA synthase, which creates CBDA; and CBCA synthase, which creates CBCA.


THCA and CBDA are the predominant phytocannabinoid compounds in the raw flowers of the cannabis plant and are the precursor compounds to THC and CBD, respectively. THCA and CBDA convert to THC and CBD, respectively, when they are exposed to heat. This chemical reaction is called “decarboxylation.”
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Trichome of female cannabis flower (circled).


One way different types of cannabis plants are categorized is based on the genetically determined expression of the chemical composition of the phytocannabinoids, often called the “chemical phenotype,” or “chemotype.”




•Type I: High THC content and low CBD content; often called “drug-variety” (more than 0.3 percent THC by weight)


•Type II: Roughly equal THC and CBD content


•Type III: Dominant CBD; can be fiber-variety (less than 0.3 percent THC by weight) or drug-variety


•Type IV: Dominant CBG (cannabigerol) content


•Type V: No detectable phytocannabinoids





The majority of medicinal cannabis plants are genetically Type I and thus take the pathway that leads to THCA and ultimately THC. A small number of plants are Type II, meaning they have genetics that will lead to a higher amount of CBDA; we call these plants CBD-rich chemovars. The genetic dominance for THC explains why most drug-variety plants are higher in THC potency and lower in CBD potency. The rampant crossbreeding of chemovars over the past few decades has also promoted higher THC content. The average THC content of cannabis confiscated by law enforcement in 1972 was 1 percent, increasing to 4 percent in the 1990s, to a national average of 17 percent as of 2017.2 THC-rich cannabis flowers currently available in California dispensaries have THC content between 15 and 28 percent, with a corresponding CBD content of less than 1 percent. Concentrated forms of THC-rich cannabis (such as hashish) can be as high as 90 percent potency. The increase in THC content has led to a decrease in CBD content, and at one point it was thought that CBD-rich plants might no longer exist. However, the popularity and increased demand for CBD in the past decade has led to the stabilization of Type II plant genetics, leading in turn to the increased availability of CBD-dominant cannabis products.
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How the cannabis plant synthesizes phytocannabinoids.


Type I and Type II are what we call “medical marijuana” or “medical cannabis” and are available through state-regulated dispensaries. Type III is either medical cannabis with high CBD content or fiber-variety “hemp” products that have become very popular in recent years. The concern with hemp products is that they remain unregulated and the CBD content claimed on labels is frequently incorrect. (More on this to follow.)


The Entourage Effect


Of the 140 known phytocannabinoids, only a few have been thoroughly studied. Each of these phytocannabinoids, when isolated in a lab, has been shown to possess its own array of medicinal properties. However, when taken together as they occur naturally in the whole plant, they balance one another in a synergistic action first called “the entourage effect” by Israeli researcher Raphael Mechoulam, who was the first to isolate THC and CBD in the early 1960s. The entourage effect means that the cannabinoids work better together than when isolated from one another. This synergy can enhance or modulate effects beneficially.3


As an example of synergistic enhancement, both THC and CBD, when taken separately, have been found to provide pain relief, but studies show that CBD enhances pain relief when used in conjunction with THC, compared to THC used by itself.


As an example of opposing effects, CBD may decrease some of the intoxication, memory loss, and increased heart rate THC can induce.4


What Are Terpenoids?


Terpenoids — also called “terpenes” — are the essential oils that occur naturally and exist in all plants, including the cannabis plant. More than twenty thousand terpenes have been described, of which about two hundred occur in cannabis.5 These oils give cannabis its odor, color, and flavor. They have evolved within the cannabis plant as a defense mechanism against insects, bacteria, fungi, and other plant predators. Terpenoids can be categorized by how many carbon units they contain: monoterpenes (10 carbons), sesquiterpenes (15 carbons), diterpenes (20 carbons), and triterpenes (30 carbons).


Some Important Facts About Terpenoids




•Terpenoids are genetically controlled.


•Production increases with light exposure.


•Production decreases as soil fertility decreases.


•The US Food and Drug Administration recognizes terpenoids as safe.


•Terpenoids vaporize near the same temperature as THC.


•Concentrating cannabis into hash or wax may reduce the terpene content and may cause medicinal effects to change.


•The terpenoid profile of any cannabis plant can be determined by laboratory analysis.





Terpenoids are known to be biologically active, just like phytocannabinoids, interacting with human cells, neurotransmitter receptors, and other parts of human physiology.6 The unique combination of phytocannabinoids and terpenoids in a specific cannabis plant accounts for the varying effects felt when different types of cannabis plants are used. Most importantly, phytocannabinoids and terpenoids work synergistically to provide certain therapeutic effects. Terpenoids are also synergistic with each other, again enhancing their medicinal effects.


An example of a prominent cannabis terpenoid is limonene. It is a monoterpene found in lemon and other citrus fruits, and is the second most common terpenoid found in nature. Limonene has potent antidepressant and antianxiety activity as well as anticancer effects.7 It also has been used successfully to decrease the symptoms of gastroesophageal reflux.8


Table 1 shows four of the most important terpenoids in the cannabis plant, including other plants where they are found, known medicinal effects, and aroma. (Please refer to the terpenoid chart in appendix D for a full list of the clinically important terpenoids.)


Table 1
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The following are some examples of known synergies between phytocannabinoids and terpenoids for specific conditions. Patients often choose their products based on these synergies. Knowing the specific makeup of each product is necessary for patients to find what works best.




•Pain relief: THC+CBD + beta-myrcene + beta-caryophyllene


•ADD/ADHD: THC + beta-myrcene + beta-caryophyllene + pinene


•Anxiety: CBD + limonene + linalool


•Depression: THC+CBD+CBG + limonene


•Insomnia: THC + linalool + myrcene


•Inflammation: CBD+CBG + beta-caryophyllene





Cannabis plants can be tested for their terpenoid profiles as well as phytocannabinoid content. The terpenoid makeup of the plant is like a fingerprint for the chemovar. Different growers may be growing the same chemovars but calling them different names, or they may be calling chemovars the same names yet terpenoid testing reveals they are different. The terpenoid profile allows for detailed comparisons of chemovars and is very important to patients who find relief with one particular chemovar. If you know which terpenoids and terpenoid combinations are helpful for your condition, you can check terpenoid testing results to see if a certain product is likely to be effective.


What Are Flavonoids?


Flavonoids are compounds that give plants their pigmentation, filter ultraviolet rays, attract pollinators, and prevent plant disease. They exist in fruits, vegetables, and flowers. More than five thousand flavonoids occur in nature; approximately twenty are found in the cannabis plant. These compounds are classified as aromatic polycyclic phenols and are made up of 15 carbon atoms. The total content of flavonoids in a cannabis plant’s flowers and leaves can reach 2 to 2.5 percent of its dry weight.


Flavonoids have been shown in laboratory studies to have anti-inflammatory and antioxidant properties.9 They also have antifungal, antibacterial, antiviral, anticancer, and antiallergic activity. Several studies in humans report the following benefits of flavonoids:




•Flavonoids in green tea decreased the risk of gastric cancer in women.10


•An intake of flavonoids was protective against smoking-related cancers.11


•Dietary flavonoids (anthocyanins from berries and flavonols from green tea and cocoa) may lower the risk of type 2 diabetes and cardiovascular disease.12





Flavonoids are reported to be synergistic with both phytocannabinoids and terpenes, enhancing and modulating the medicinal effects. Prominent flavonoids found in the cannabis plant include:


Quercetin




•Potent antioxidant, antiviral, anticancer


•Also found in red wine, green tea, berries, onions





Apigenin




•Anti-inflammatory, antianxiety


•Also found in parsley, celery, chamomile tea, celeriac





Cannaflavins A and B




•Potent anti-inflammatory


•Unique to cannabis





Flavonoids contribute to the entourage effect, synergizing with phytocannabinoids and terpenoids to enhance medicinal benefits. For instance, in a rat model of neuropathic pain, a cannabis extract containing phytocannabinoids, terpenoids, and flavonoids was more effective at relieving pain than an extract with the same phytocannabinoids without the terpenoids and flavonoids.13


Sativa or Indica?


You may have noticed I have not mentioned the terms “sativa” and “indica” in the discussion of the plant. According to the correct scientific nomenclature, cannabis variety sativa refers to the fiber-type plant, so-called hemp, meaning the genetics of this particular plant promote the growth of fiber with very little THC production.14 These fiber types also carry the gene that allows the plant to synthesize a small amount of CBD with very little or no THC. Cannabis variety indica scientifically refers to the drug-type plant, so-called marijuana, which carries the genetics to synthesize THC.


The current use of the terms “indica” and “sativa” completely ignores this scientifically correct nomenclature. These terms have been hijacked to indicate certain effects, namely that sativa chemovars are “uplifting and stimulating” and indica chemovars are “relaxing and sedating.” These terms are not correct and oversimplify the complexity of the different chemovars, leading patients to try products that may not be effective.


Knowing the cannabinoid and terpenoid profile of a plant or product is a much better way to understand what its effects will be rather than knowing whether it is reported to be indica or sativa. For example, THC-rich chemovars with significant amounts of the terpenoid myrcene are quite sedating and are employed by many people to treat insomnia. Chemovars with higher amounts of limonene tend to have uplifting, antidepressant effects. Chemovars with higher amounts of linalool tend to have relaxing, antianxiety effects. Since cannabis plants are commonly crossbred and hybridized, it is difficult to know the cannabinoid and terpenoid profile without laboratory analysis. Fortunately, most states with cannabis regulations require laboratory analysis of products, allowing the patient to assess potential effects prior to use. If the terpenoid profile is not listed on a product, I recommend contacting the manufacturer and asking for the terpenoid profile reported on the lab analysis, called the Certificate of Analysis, or COA. In my experience, companies that are serious about their products share these results freely.


Interestingly, many patients who are inhaling flowers through vaporization learn to associate the smell of particular chemovars with their effects. One of my earliest patients was a young woman with severe depression. When we first met, she had already found success for her condition with cannabis, but she wanted to be part of California’s legal system rather than buy cannabis on the underground market. When I asked her what chemovars helped her, she reported that she would smell the flowers and if they smelled citrusy or fruity, she knew they would be effective for her depression. She was smelling the terpenoid limonene.


The best way to determine the effects of a particular chemovar or product is to first evaluate the content of phytocannabinoids, calculate the ratio of CBD to THC if appropriate, and then look at the dominant terpenoids. This assessment will give significantly more information than the incorrect terms “sativa” and “indica.”


Chemovar Names


Aside from their genetics, cannabis plants are living entities that respond to their environment. Growing conditions, harvesttime, and numerous other factors play an enormous role in the makeup of the final product. This is why the same chemovar grown in different places by different growers under different conditions can and likely will result in different phytocannabinoid and terpenoid content. For instance, a chemovar grown outdoors in Northern California is likely to have a different profile than the same chemovar grown in a greenhouse in Colorado. Patients who find a certain chemovar to be helpful must be aware that a similarly named chemovar may not have the same effects if it was grown under different cultivation conditions.


Hemp-Derived CBD


Among the five different types of cannabis, Type III fiber type, which is called “agricultural hemp” or “industrial hemp,” has gained enormous popularity, as it is a “legal” source of CBD through the 2014 Farm Bill, which put hemp back on the map after eight decades of cannabis prohibition.


Many products made from hemp claim to contain CBD for medicinal purposes. Patients and caregivers continually report confusion when looking for CBD hemp products in stores and online, and rightly so. These products are completely unregulated and still should be considered “buyer beware.” In 2015, the FDA tested a number of products claiming to contain CBD, and almost all of them lacked CBD or had amounts significantly lower than what was reported on the label. An additional problem with products made from hemp is possible contamination. This plant is a bioaccumulator, which means it accumulates toxic substances from the soil. If the soil is contaminated, for instance with metals, pesticides, gasoline, or solvents, these compounds can be pulled up into the plant. During the CBD extraction process, contaminants may be concentrated and may cause toxic side effects in the consumer. In fact, there are anecdotal reports of people becoming ill from so-called CBD products made from contaminated industrial hemp.


What is the difference between hemp and cannabis in terms of treating medical conditions? As Martin Lee from the organization Project CBD explains, the main difference between fiber-type and drug-type varieties is the content of resin, the sticky substance in the trichomes where the phytocannabinoids, terpenoids, and flavonoids are synthesized. High-resin plants contain a robust amount of these desired medicinal compounds. Hemp is low-resin and therefore typically quite low in phytocannabinoid content. Hemp is not an optimal source of CBD or other medicinal compounds. High-resin drug-type plants are much preferred as medicine when compared to low-resin hemp.15


But there is more to this story. The US government has inappropriately and narrowly defined industrial hemp as containing less than 0.3 percent THC by weight with no regard for the genetics of the plant. The vast majority of high-resin plants, including those that are CBD dominant, contain over 0.3 percent THC by weight and therefore are easy to identify as drug-variety cannabis. However, some cultivators are now growing high-resin CBD-dominant drug-type plants that are low enough in THC (under 0.3 percent THC by weight) that they meet the government’s narrow definition of hemp. Although these plants are genetically drug-type cannabis and are high-resin, they can be sold online or outside a medical cannabis regulatory framework due to the low THC and are often mislabeled as hemp. I call these products “drug-type cannabis masquerading as hemp.” Companies are incentivized to do this in order to have their sales not restricted to state-approved patients, to avoid the issue of federal illegality, and to avoid the cost and effort of complying with strict state cannabis product regulations.


How does one tell if a product is from a drug-type CBD-dominant plant or from a fiber-type hemp plant? The only reliable way to know is to check the Certificate of Analysis (COA), the report obtained from analytical testing. The COA should include cannabinoid and terpenoid content as well as the results of tests for mold, bacteria, pesticides, and residual solvents. All products sold in state-licensed cannabis dispensaries are required to have a COA available to patients and consumers. Whenever possible, products should be purchased at licensed dispensaries. If you are purchasing products online or from a non-dispensary retail store, ask for the COA. If they do not have a COA or refuse to share it, do not purchase the product. (Chapter 5 has more information about how to interpret a COA report.)


I encourage my patients to avoid products that come from fiber-variety hemp, as clinically I have found that drug-type cannabis is significantly more effective when treating most illnesses. However, as mentioned, there are quality products masquerading as hemp that are actually made from CBD-rich drug-variety plants with less than 0.3 percent THC. The COA of these products will show a diversity of cannabinoids and terpenoids, allowing patients to recognize that these are not true hemp.


Gavin’s Story


Gavin was one of the first pediatric patients I treated with cannabis and I shared his story in my previous book, Cannabis Revealed. He has been on cannabinoid treatment for six years with incredible improvement in the quality of his life. Here is his original story with an update.




I sensed true desperation almost immediately when I met with four-year-old Gavin and his family. The despair was nearly palpable, even in Gavin’s two grandmothers, who had accompanied the family to the office. Gavin himself appeared oblivious to his surroundings, made little eye contact, and was very hyperactive and distracted, moving around the office the entire time. He was a cute child, wearing a little fedora and glasses, but his face showed little emotion and we made no connection. “We need help so badly,” the family said to me. “We can no longer live like this.”


Rebecca is a stay-at-home mother with a special-education degree whose first child, Gavin, was born six weeks early. While he had low muscle tone, something you’d expect from a preemie, he also didn’t reach his early milestones, and at around age two Gavin’s health and development began to fall apart. He was nearly two by the time he learned to walk, and at age three he was almost completely nonverbal. Ultimately diagnosed with complex partial seizures, cerebral palsy, and an unknown genetic anomaly, as well as cyclical vomiting and autism, Gavin was prescribed the anticonvulsant Keppra (levetiracetam) for his seizures. While the seizures stopped, Gavin’s autistic behaviors increased, and within two months his meltdowns became uncontrollable. Rebecca and her husband had read online about “Keppra rage,” a difficult side effect of this medication, and although they were happy that the seizures were controlled, the continuous and worsening behavioral issues became unacceptable. During this time, Rebecca saw the CNN documentary Weed and began to explore cannabis as a possible treatment. When she asked Gavin’s neurologist about trying cannabis, he ignorantly told her, “The tar in the smoke will give him lung cancer.” She was discouraged by this response but kept searching online for information and found support on Facebook. She eventually brought Gavin to my office in early 2014. With his behavior out of control, life with Gavin had become a daily struggle.


I started Gavin on CBD-rich cannabis oil, given by mouth. The effects were immediate. Within ten days, Gavin, previously nonverbal, began speaking. The change was so dramatic that Rebecca wanted to try weaning him off the Keppra to see if his seizures might also be controlled. She switched neurologists and found a supportive physician who helped her to wean Gavin off the Keppra over five months. When he was completely off the drug, an initial EEG showed some seizure activity, but Rebecca asked for three months to adjust the dosage of CBD before trying other pharmaceuticals. The subsequent forty-eight-hour EEG showed no seizure activity, and Gavin hasn’t needed any further antiepileptic medications.


Although the use of CBD-rich oil for a number of months resulted in seizure freedom, improved verbal ability, and improved behavior, Gavin continued to have some unwanted behaviors related to his autism. It was at this point that we added THC-rich oil twice a day to the CBD. As we’d hoped, his behavior improved significantly.


Rebecca still marvels at the dramatic turnaround in Gavin due to cannabis medicine. In addition to seizure control, Gavin’s incredible improvements in speech and autistic behaviors thrill her the most. Although everyone who knew Gavin saw that he was quite intelligent (even the speech pathologist had given him an iPad with communication apps because they knew of his capabilities), he previously had no real language or any imaginary play. One afternoon soon after Gavin began taking CBD oil, Rebecca was in her bedroom folding laundry. She looked up to see Gavin walking in with the laundry basket. He placed it on the floor, stepped into it, and declared, “Look, Mom! I’m an astronaut!”


Gavin has had no adverse side effects from cannabis use. He has not experienced any intoxicating effects. He is able to make connections with peers, and he transitions from activity to activity throughout the day with ease. He is happy and thriving, and reports from school are outstanding. Gavin’s story moves me as both a physician and a mother. Although not every patient experiences this level of improvement, Gavin is an example of why cannabis treatment must be an available option for all children with challenging medical conditions. His quality of life has been improved so significantly that he is able to participate in his life fully as all children deserve.


Update: Gavin continues to thrive in school and at home. Over the years, he has had a few breakthrough seizures, and he also has had bouts with cyclical vomiting syndrome (a condition similar to migraines), but he bounces back quickly and has had no developmental regression. His family continues to be amazed at just how well he is doing. His only medicine is cannabis.












CHAPTER 2


The Endocannabinoid System


To those who don’t “believe” in cannabis as medicine, I ask, “Do you know about the endocannabinoid system and what medical conditions are associated with its dysfunction?” If they cannot answer this question, they are not knowledgeable enough to comment on cannabis as medicine. I joke with my patients that I have no opinion about my car’s engine, but my husband has many thoughts on it. I know nothing about car engines (nor am I interested), but my husband knows a lot. I am not qualified to make any statements about which engine is good or bad. Likewise, if you don’t know about the endocannabinoid system, you are not qualified to have an opinion about cannabis as medicine until you educate yourself! I also joke that the medical use of cannabis is not a religion to believe in (unless you are Rastafarian) but based in science. Once you understand the science behind the use of medicinal cannabis, belief is irrelevant.


Here is just about everything you need to know about the endocannabinoid system: In 1964, Dr. Raphael Mechoulam and his colleagues at the Hebrew University of Jerusalem were interested in studying plants with reported medicinal effects.1 They isolated THC from the cannabis plant and found it to be responsible for the plant’s intoxicating effects. It took another twenty-four years to understand how and where THC worked in the human brain and body. In 1988, Dr. Allyn Howlett and her colleagues at Saint Louis University Medical School discovered the first cannabinoid receptor. Using advanced scientific techniques with radioactive dye attached to synthetic THC, the researchers were able to trace the path of THC to find where it worked.2 They saw that it selectively attached to a specific receptor — previously called an “orphan” receptor because no one knew its function — located on the membranes of certain cells. A receptor works like a “lock” on the cell membrane, waiting for a specific “key” to bind to it. When the chemical key binds to the receptor, it triggers a chemical reaction in the cell, resulting in a change in the message that the cell is sending. We have other lock-and-key receptor systems in our brains and bodies, such as endorphins that bind to opioid receptors, dopamine that binds to dopamine receptors, and many others. The cannabinoid receptor happened to be discovered in the quest to understand how THC works to make people intoxicated.


Scientists hypothesized that we do not have these receptors for the THC key from the plant but rather we must make our own cannabis-like key that works at the receptor site. All other receptors found in humans have keys we make from within. Understanding this, researchers began looking for our “internal key.” In 1992, the first of numerous “inner cannabis” compounds was discovered.3 It was named “anandamide” by the scientists who discovered it. “Ananda” is the Sanskrit word for “bliss.” Its scientific name is N-arachidonoylethanolamine, or AEA for short. The following year, researchers discovered a second cannabinoid receptor, primarily located within components of the immune system.4 In 1995, a second “inner cannabis” compound was discovered and was named 2-arachidonoylglycerol (2-AG).5 These compounds were given the umbrella term “endogenous cannabinoids,” or “endocannabinoids” (“endo” is Greek for “inside” or “within”). Numerous other endocannabinoid compounds have since been discovered, although anandamide and 2-AG are the most researched.


The discovery of cannabinoid receptors and endocannabinoids caused tremendous excitement in the scientific community, and research into “cannabinoid science” exploded. Scientists named this system of receptors and the endocannabinoids that interact with them the “endocannabinoid system.”


How Does the Endocannabinoid System Work?


The endocannabinoid system is made up of endocannabinoids, endocannabinoid receptors (two confirmed and others suspected), and the enzymes that make and break down the endocannabinoids.


This diagram shows two neurons where they meet at an area called the “synapse.” The presynaptic neuron is sending chemical messengers called “neurotransmitters,” and the postsynaptic neuron is receiving the neurotransmitters’ messages.
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The endocannabinoid system.


Here’s how the mechanism works:




1.When there is too great a flow of neurotransmitters (called neuroexcitation) from the presynaptic cell, an imbalance occurs, causing a disturbance in the postsynaptic cell, resulting in . . .


2.An increase of calcium flowing into the postsynaptic cell, causing the cell to make an endocannabinoid key (represented by the triangle in the drawing).


3.The postsynaptic cell then sends the endocannabinoid key back to attach to the cannabinoid receptor lock on the presynaptic cell.


4.This key-in-the-lock binding triggers a chemical reaction in the presynaptic cell that results in a dampening down of the flow of neurotransmitters, thereby correcting the imbalance.





A phytocannabinoid such as THC can substitute for an endocannabinoid — both are keys for cannabinoid receptors and can result in changing the imbalanced neurotransmitter message.


Why Do We Have an Endocannabinoid System?


When our cells are functioning properly and maintaining a healthy equilibrium, we are in what is called a state of homeostasis. Very simply, the job of the endocannabinoid system is to regulate the flow of chemical messages that are sent between cells, with the goal of maintaining homeostasis. When we experience inflammation, illness, infection, or chemical or traumatic insults, our endocannabinoid system goes into action, trying to restore balance amid the cellular messages.


Endocannabinoids are made and released by our cells on demand when we need them.6 They do their job by binding to cannabinoid receptors, triggering a cell to change its message, and subsequently they are broken down by enzymes. They are what we call “short-lived” molecules. Human endocannabinoid levels in the bloodstream have been measured in the lab and in clinical trials, but currently this test is not available commercially. Studies show that emotional and physical stressors elevate levels of anandamide and other endocannabinoids with the goal of homeostasis.7


The endocannabinoid system is the most widespread receptor system in the human body. It regulates many of the most important physiologic pathways, including:




•Gastrointestinal activity


•Cardiovascular activity


•Pain perception


•Maintenance of bone mass


•Protection of neurons


•Hormonal regulation


•Metabolism control


•Immune function


•Inflammatory reactions


•Inhibition of tumor cells





As you can see, your endocannabinoid system is involved in just about every chemical process in your body! The Italian researcher Vincenzo Di Marzo noted that “the endocannabinoid system is essential to life” and affects how you “relax, eat, sleep, forget and protect.”8 Scientific evidence has proven that your endocannabinoid system is “switched on” when you need protection — for example, when certain diseases strike, such as cancer; neuropathic and inflammatory pain; multiple sclerosis; intestinal disorders; post-traumatic stress disorder; traumatic brain injury; hemorrhagic, septic, and cardiogenic shock; hypertension; atherosclerosis; and Parkinson’s disease.9 Endocannabinoids can lessen the negative effects of an illness by working to maintain a balance of cellular signals, minimizing and mitigating pathological processes.


You don’t “feel” your pancreas releasing insulin, nor do you “know” when your thyroid releases thyroid hormone, even though these essential actions are happening all the time. In much the same way, you don’t feel your endocannabinoid system working, but your cells make and use the endocannabinoids to keep the multiple systems in your brain and body functioning correctly, maintaining homeostasis of cell function. If your endocannabinoid system is not working properly, you may have an imbalance, which can manifest as a medical condition. There are no pharmaceutical medications that directly address an endocannabinoid dysfunction. However, the cannabis plant contains a “treasure trove” of compounds that interact with the endocannabinoid system, helping to restore balance to the cellular messages.10


Your Endocannabinoid System Is Different from Mine


People who use cannabis can have different experiences despite using the same dose, chemovar, or preparation. Other factors, such as mindset and the environmental setting, can influence response, especially when THC is used. Why does this happen? These different responses reflect differences in the baseline endocannabinoid system function of the person who is using cannabis. If you have a normally functioning endocannabinoid system, you may have a different response to cannabis than someone who has an imbalance in his or her endocannabinoid system. A great example of this is people who suffer from ADHD. Patients with ADHD have difficulty focusing, completing tasks, organizing tasks, and sitting still — all of which makes it hard to succeed at school and work. We know these patients suffer from an imbalance in a number of their neurotransmitters. Published reports and clinical experience with patients in my practice who struggle with ADHD show that cannabis medicine can help them focus, stay on task, remember things, and sit still for longer periods of time.11 Someone who does not have ADHD and uses cannabis might report that cannabis makes them unable to concentrate or remember things — just the opposite of the ADHD patient. We now know that every person responds to cannabis based on numerous factors, with the status of their underlying endocannabinoid system as one of the main variables.


I often tell my patients that I wouldn’t prescribe insulin to someone who doesn’t suffer from diabetes. The person with diabetes has a poorly functioning pancreas that doesn’t produce insulin, whereas a nondiabetic person has a perfectly functioning pancreas. Similarly, a person with ADHD has an imbalance in neurotransmitters stemming from endocannabinoid dysfunction.12 In the same way a person with diabetes gets back into balance by taking insulin, a person with ADHD may find balance — better focus and function — by taking cannabis medicine, as it targets the cells sending the imbalanced neurotransmitter, fixing the message and ultimately restoring homeostasis.


Using medicine that targets the underlying imbalance should be the goal of all medical treatment. The discovery of the endocannabinoid system and the medical conditions associated with its dysfunction are now recognized and accepted by the medical community; therefore, we must recognize cannabis as a legitimate medicine.


Receptor Locations


The locations of the two cannabinoid receptors have been mapped out and explain the many diverse effects of cannabis.13 Certain locations have Type I receptors (CB1), some have Type II receptors (CB2), and others express both types of receptors. Additionally, injury and inflammation can induce certain cells to express CB2 receptors.


CB1 receptors are located in areas of the brain related to:




•Pain sensation (areas of the brain: amygdala, also spinal cord)


— The location of cannabinoid receptors on cells that perceive pain explains why so many patients report pain relief with cannabis use.


— Some patients report that pain disappears completely, some report a dulling of the pain sensation, and some report that pain is unchanged but they are not focused on it.


•Memory and learning (areas of the brain: caudate nucleus, hippocampus, putamen)


— For some patients, such as those with ADHD, the effects of cannabis can enhance memory and learning.


— Patients may report that with cannabis use they are able to focus and complete a task, retain what they have read, and be more productive and creative at home and at work.


— Acute doses of THC-rich cannabis can interfere with the ability to remember and learn.


•Emotion, such as anxiety, depression, fear (areas of the brain: cerebral cortex, amygdala)


— One of the main conditions I see in my practice is anxiety and/or depression. Cannabis is well-known to alleviate anxiety but can in some cases increase it. In my clinical experience, if one has anxiety with cannabis use, it is usually due to a specific chemovar or a dosing issue (too much!), although there is a small subset of the population who may not metabolize THC well, resulting in anxiety with all THC use.


•Motor control and coordination (area of the brain: cerebellum)


— Cannabis (THC specifically) has been shown to interfere with motor skills due to cannabinoid receptors located in the cerebellum, more so in new or inexperienced users; however, some patients with cerebellar disorders report benefits with cannabis use.


•Appetite (area of the brain: hypothalamus)


— Cannabis (THC specifically) can increase appetite in some users due to the receptors in the part of the brain that, when triggered, increase appetite; this can be a positive side effect for those who are on chemotherapy or who are underweight.


— Not all cannabis users experience hunger with THC use, but some patients, especially those who are obese, report this as a negative side effect.


•Nausea/vomiting (area of the brain: dorsal vagal complex)


— Numerous research studies in animals and humans have shown that both THC and CBD, as well as other phytocannabinoids, act to inhibit nausea and vomiting.


•Pleasure and reward (area of the brain: substantia nigra)


— THC is known to promote feelings of euphoria and reward, as there are cannabinoid receptors in the areas of the brain that regulate gratification and the perception of pleasure.
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Location of receptors.


CB2 receptors are located in areas of the body related to:




•The immune system


— CB2 receptors located in the various parts of the immune system have the job of maintaining immunologic homeostasis, meaning these receptors work to keep the immune system balanced. Many immune-related cells have these receptors: monocytes, macrophages, B cells, T cells, and cells in the spleen and tonsils.


•The peripheral nervous system


— Increased levels of CB2 receptors are found in the nerves of your body after an injury and help decrease the sensation and perception of pain.


•The skeletal system (effects on bone)


— CB2 receptors are located in bone and have been shown to decrease osteoclast activity (osteoclasts are the cells that break down bone) and increase osteoblast activity (osteoblasts are the cells that build up bone).





Areas that express both CB1 and CB2 receptors:




•Heart


— The binding of THC to CB1 receptors in the heart can cause an increased heart rate in new or inexperienced THC users. This effect disappears with more regular use.


— CB2 receptors, when activated, appear to protect the heart from injury (a cardioprotective role).


•Liver


— Binding of a cannabinoid to the CB1 receptors in an injured or sick liver can cause fibrosis (development of scar tissue).


— Binding of a cannabinoid to the CB2 receptors in an injured or sick liver counteracts the progression of fibrosis and works as a protectant.


•Gastrointestinal system


— Both types of receptors are located in the nervous system of the gut, called the enteric nervous system, where they inhibit gastric secretions, decrease gut inflammation and pain, and reduce gastric motility.


•Pancreas


— CB1 receptors are mainly expressed in non-insulin-producing pancreatic cells, while CB2 receptors are found in all pancreatic cells.


— The endocannabinoid acting as a CB2 receptor (2-AG) decreases insulin secretion.


•Reproductive system


— Cannabinoid receptors in the female reproductive organs regulate fertility, maternal–fetal signaling, and development of the placenta and embryo.


— Cannabinoid receptors in the male reproductive organs regulate Sertoli cell survival, spermatogenesis, sperm–oocyte interaction, and the blockade of polyspermy.


•Skin


— Both types of receptors have been found in the skin, specifically keratinocytes, and in the epithelial cells of hair follicles, sebocytes, and eccrine sweat glands. They are also found in the nerve fibers of the skin. In these locations, the cannabinoid receptors likely work to regulate skin inflammation and pain sensation.


— CB1 and CB2 receptors in adipocytes (fat cells) function to make more adipocytes (a process called adipogenesis), increasing energy storage. They are also are involved in lipogenesis (the formation of triglycerides).





No Risk of Fatal Overdose


There are no cannabinoid receptors in the area of the brain that controls breathing and heart rate. This explains why there is no possibility of a fatal overdose with phytocannabinoids, nor has one ever been documented. In contrast, there is an abundance of opioid receptors in the respiratory control center in the brain. When high doses of opioid compounds, such as heroin, methadone, or oxycodone, bind to opioid receptors in the respiratory control center of the brain, the respiratory drive can be suppressed and may lead to respiratory arrest and death. This is not an issue known to occur from phytocannabinoids.


Additional Endocannabinoid Targets


Very importantly, endocannabinoids also work outside the endocannabinoid system at various other targets in the brain and body. These targets include:




•GPR55, or G protein-coupled receptor 55, which regulates pain and production of endocannabinoids


•The TRPV, or transient receptor potential vanilloid, a family of protein ion channels that are involved in inflammation and pain response


•PPARs, or peroxisome proliferator-activated receptors, which regulate the translation of genes involved in metabolism and energy homeostasis, and also confer cardioprotection and neuroprotection





More information about each phytocannabinoid’s specific non-cannabinoid receptor targets are discussed in chapter 4.


Endocannabinoid System Dysfunction


Dysfunction of the endocannabinoid system is like the proverbial chicken and egg. When the endocannabinoid system is functioning well, homeostasis of many of the brain’s and body’s physiologic processes is maintained. We now know that chronic medical conditions can stress the endocannabinoid system to the point of dysfunction — that is, it is not able to continue to maintain balance — leaving the person with the chronic illness and struggling to get back into homeostasis. However, a dysfunction within the endocannabinoid system itself can cause chronic medical conditions. Underactivity or overactivity of the endocannabinoid system has been linked to disease states and is the focus of much research throughout the world. Understanding how the dysfunction of the endocannabinoid system can cause disease or can result from disease is crucial to the use of cannabis as medicine.


Endocannabinoid Deficiency Syndrome


In 2003, Dr. Ethan Russo, a board-certified neurologist and psychopharmacology researcher, posed an excellent question in a scientific paper, asking if a deficiency of endocannabinoids — the compounds that are made on demand in our brains and bodies to maintain homeostasis — can lead to disease. He hypothesized that having lower levels of these compounds, which would diminish the ability to maintain homeostasis, may lead to medical conditions such as migraine headaches, fibromyalgia, irritable bowel syndrome, and other “treatment-resistant” conditions, noting that many patients with these conditions had improvement of their symptoms with cannabis.


Since that article was published, a multitude of scientific studies have demonstrated that an impairment or dysfunction of the endocannabinoid system can be the cause of significant and difficult-to-treat medical conditions.14 This deficiency may be genetically determined, meaning a person was born with it (congenital), while another person may develop it later in life (acquired). Chronic stress, poor diet, poor sleep, and chronic pain have all been shown to negatively impact endocannabinoid system functioning and can lead to endocannabinoid dysfunction.


Endocannabinoid system dysfunction has been found in the following medical conditions:




•Anxiety and depression15


•Autoimmune diseases16


•Cardiovascular disease17


•Complex regional pain syndrome18


•Eating disorders19


•Epilepsy20


•Failure to thrive in newborns21


•Fibromyalgia/myofascial pain syndrome22


•Huntington’s disease23


•Irritable bowel syndrome24


•Migraine headaches25


•Multiple sclerosis26


•Nausea and motion sickness27


•Parkinson’s disease28


•Schizophrenia29





Endocannabinoid Overactivity


In addition to an endocannabinoid deficiency, there can be dysregulation of the endocannabinoid system at the other end of the spectrum, namely overactivity. One example is the role of the endocannabinoid system in appetite, digestion, and energy metabolism.


Researcher Dr. Vincenzo Di Marzo reported in 2008 that overactivity of the endocannabinoid system may be associated with obesity and type 2 diabetes.30 Studies found that overweight/obese individuals and those with type 2 diabetes have abnormally elevated blood levels of endocannabinoids, which may be due to lower levels of the enzymes that are needed to break down the endocannabinoids. Preliminary studies showed that overweight/obese people do not make enough of these enzymes, resulting in the endocannabinoids hanging around longer at the receptor, continuing to activate them.31 This results in increased hunger, which increases body weight, which then increases endocannabinoid levels, which then increases hunger, and so on, creating a vicious cycle of endocannabinoid dysfunction. When obese men who had elevated endocannabinoid levels were enrolled for one year in a lifestyle-modification program requiring healthy eating and physical activity, their abnormally elevated endocannabinoid levels decreased, their weight and waist circumference were reduced, their triglyceride levels decreased, and their healthy cholesterol levels increased.32 More research is needed, but it appears that maintaining a healthy weight through a balanced diet and regular exercise helps to keep the endocannabinoid system functioning normally.


The Story of Rimonabant33


Rimonabant is a synthetic drug that works as a CB1 receptor inverse agonist, which means it binds to the receptor but causes the opposite effect. Rimonabant, by causing the opposite effect of endocannabinoids and THC at the CB1 receptor, blocks hunger and influences metabolism. It was tested in placebo-controlled studies in thousands of overweight and obese patients, some with diabetes, high cholesterol, low HDL and high triglycerides (TGs), and was found to have numerous benefits, including sustained weight loss, reduction of TGs, increase in HDL, and better blood-glucose control. Unfortunately, this drug also caused a number of significant and unacceptable side effects, including depression, suicidal ideation, nausea, and anxiety. Although rimonabant became available in Europe in 2006, it was removed from the market in 2008, as its risks were shown to outweigh its benefits. Researchers are still investigating synthetic compounds that block CB1 receptors as potential treatments for obesity and type 2 diabetes.


Upregulation and Downregulation of Cannabinoid Receptors


The number of cannabinoid receptors can change in response to what is going on around them in the brain and body.34 Scientists call an increase in the number of cannabinoid receptors “upregulation” and a decrease in the number “downregulation.”


Some disease states are associated with the upregulation of receptors:




•Animals with seizures have shown an increase in cannabinoid receptors in certain parts of their brains.35


•Animals with Crohn’s colitis-type illness have upregulated cannabinoid receptors in their intestines.36


•Animals that suffer with nerve pain have upregulation of cannabinoid receptors in certain parts of their brains.37


•Animals with sleep deprivation show an increase in cannabinoid receptors in their brains.38


•Autistic children were found to have an increased number of CB2 receptors on their white blood cells (autism often includes an element of immune dysfunction).39


•Cannabinoid receptors were upregulated in individuals with depression who committed suicide.40





One theory is the increase in cannabinoid receptors is a compensatory or protective mechanism: you have more receptors because your cells are looking for endocannabinoids to help restore balance. Upregulation can be maladaptive in some instances, such as increasing cellular fat deposits in liver disease.


Cannabinoid receptors can also downregulate — that is, there are fewer receptors available for cannabinoid binding. Usually in the case of being overactivated, cannabinoid receptors move from their location on the cell wall and “hide” inside the cell itself, a process called internalization. This too is thought to be a protective mechanism. When internalized, the receptor cannot be activated by cannabinoids. This process explains how tolerance to THC develops.


Tolerance


Research has determined that chronic heavy users of THC-rich cannabis have a decrease in the number of cannabinoid receptors.41 This downregulation explains how these users develop tolerance to the effects of cannabis. Tolerance is also regionally selective, meaning that different parts of the brain can develop tolerance while other parts of the brain may not. For example, one of my patients who started using cannabis for multiple sclerosis found excellent relief of her spasticity from THC-rich cannabis. Initially, she experienced some memory loss but found that after a few months of use, this effect was no longer an issue. During this time, she never lost the beneficial effect on the symptom of spasticity.


Tolerance to THC may not occur if THC dosing is kept low — usually under 10 milligrams per dose. However, if tolerance does develop, the patient often will have to increase the amount or potency of THC in order to get the same effect. Although this is not dangerous, a loss of the medical effect and the higher financial cost of using more and higher-potency cannabis is not ideal. If a patient can abstain from cannabis use, the receptors will “come out of hiding” and become available again, resolving the issue of tolerance. Studies show that abstention from cannabis use for approximately twenty-eight days results in a return of normal numbers of cannabinoid receptors.42 However, for patients who rely on cannabis medicine for chronic conditions, abstaining for this length of time may not be possible, as quality of life may be negatively impacted. I recommend using the lowest dose of THC that gives the desired effects. If there is loss of beneficial effects, taking regular breaks from using THC-rich products is helpful in maintaining receptor availability. Taking one or two days off per week or one week off every two to three months will minimize the downregulation of cannabinoid receptors, and the response to the medical effects of THC can be maintained. Adding CBD or other phytocannabinoids to the regimen may also help to minimize THC tolerance.


It is important to know that THC is the only phytocannabinoid understood to cause tolerance.


It’s Not a Miracle, It’s Science


Many of my patients who were suffering prior to cannabis treatment recollect feeling quite desperate by the time they came to see me. Struggling with a chronic illness and trying different therapies for years without any improvement in quality of life can change a person profoundly, causing depression, anxiety, and a sense of hopelessness. After finding relief with cannabis, many think it is a “miracle treatment” and certainly it may feel that way. But I must state that it is not a miracle, it is science. If your endocannabinoid system is not functioning well, simply put, you are out of balance. If dysfunction of the endocannabinoid system is the culprit, prescribed medications that do not work within this system miss the target and relief is often not achieved. Chronic illness leads to chronic stress, sleep deprivation, and other issues that negatively impact the endocannabinoid system, keeping it out of balance. For many patients, using cannabinoid medicine targets the root cause of the medical condition and healing can begin. For some, the effects are immediate; for others, it may take time for the system to get back into balance. Once the endocannabinoid system is functioning well, often less cannabis can be used to maintain homeostasis. Commonly, patients report that when they initially started using cannabis, they took higher doses, and after a few months, their dosing requirements went down. It may take time to achieve this if you have been sick and under stress for a long time. Using other natural modalities that have been shown to help the endocannabinoid system stay balanced, such as a healthy diet, regular exercise, and mindful stress-reduction techniques (e.g., meditation, tai chi, and yoga) in addition to cannabis, can be the solution.


Sophie’s Story


Sophie was one of the first patients in California to use the famous Charlotte’s Web CBD oil in 2013. I wrote about Sophie in my first book and include her story here, with an update.




I went to medical school from 1986 to 1990 and did an internship from 1990 to 1993, completely unaware of the incredible discoveries of the cannabinoid receptors and the endocannabinoid system. By 1995, the first two endocannabinoids were discovered, but cannabis medicine was still unknown to most physicians. When, in June of that year, three-month-old Sophie was diagnosed with infantile spasms, a rare seizure disorder with a particularly grim prognosis, the neurologists began a course of high-dosage steroids and benzodiazepines. By the time Sophie was nine months old, her development had plateaued, she was on three antiepileptic medications, and the seizures kept coming. Her neurologists in New York City could find no reason for her epilepsy and diagnosed her with cryptogenic infantile spasms. Over the next nineteen years, Sophie was treated with twenty-two drugs and two courses of the ketogenic diet, along with countless alternative therapies, including osteopathy, Chinese herbs, and acupuncture. Her spasms evolved into mixed seizures — atonic drops, tonic-clonic, partial complex, and absence — but no medication helped stop them. She suffered from serious side effects, and her quality of life was sometimes unbearable.


Elizabeth, Sophie’s mother, told me that her old life ended on the day Sophie was diagnosed, and her new life began, a life of sleepless nights and days filled with intense caregiving, witnessing the constant suffering of her daughter, and navigating all the systems of care that having a sick and disabled child demanded. Sophie is severely disabled as a result of the seizures and the medications. While she can walk, she needs complete assistance with all life tasks, including feeding and diapering. She is nonverbal and needs a wheelchair because she tires easily and has seizures unexpectedly. She has hurt herself countless times, knocked out permanent teeth, gotten stitches, broken her leg and hand and nose as well as suffered contusions and scrapes.


Even as Elizabeth became a nationally recognized advocate for children with special healthcare needs, she never gave up hope that there was something that might help Sophie, and as the years went by, she became more and more convinced the traditional treatments for refractory epilepsy were nothing but a crapshoot. When she started hearing about cannabis and its effects on seizures, she began to explore the cannabis laws in California. In December of 2013, Sophie was one of my first patients to get quality-tested, whole-plant, CBD-rich cannabis oil. Within two weeks of starting the oil, Sophie had the first seizure-free day of her life, followed by a period of several weeks with no seizures. She began to smile and appeared relaxed and comfortable for the first time in decades.


I think often about the birth of and early diagnosis of Sophie — how her life and treatment virtually coincided with our initial forays into researching and learning about the endocannabinoid system. Elizabeth doesn’t waste time thinking what Sophie’s life and the life of her family might have been like if they had been able to try cannabis back when she was first diagnosed. While she shared with me how angry she feels when she’s contacted by parents of young children on four or five medications yet still seizing, she is encouraged that more families in the epilepsy community are seeing the effects of cannabis medicine and fighting for access to it. She is at peace knowing Sophie’s quality of life is now dramatically better, and her whole family rests easier.


Update: It’s been six years since Sophie first began taking cannabis, and while not seizure-free, she has far fewer seizures, and those she does have are shorter and less intense. She recovers from them more quickly and hasn’t needed a rescue medication since she began taking cannabis. Elizabeth reports that they slowly weaned Sophie off most of one of the two medications she had been on for a decade, and the second medication entirely. While withdrawal was difficult, the CBD and added THC-rich oil lessened those symptoms. Sophie’s overall health and well-being have been enhanced as well, with fewer illnesses and dramatically better sleep.
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