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FOREWORD BY ANDREW WEIL, M.D.



In my recent book, Mind Over Meds, I examine how Western medicine overuses many widely prescribed medications, often at the risk of prolonging, or even worsening, the conditions they are intended to treat. Our body always attempts to maintain homeostasis, a state of balance of its functions. If an external force disturbs the body, it pushes back to regain balance. Most prescribed drugs are intended to counteract short-term imbalances of physiological function; when used long-term, they often provoke homeostatic rebound symptoms that make it difficult to discontinue them. 


Cannabinoids, compounds found mostly in cannabis, interact with the endocannabinoid system, a signaling mechanism throughout the body responsible for regulating many aspects of its homeostasis. This ability to “regulate regulation” is a valuable and distinctive attribute of cannabis as a medicine, but requires an informed approach to be used effectively. This revised edition of Cannabis Pharmacy presents a rational and evidence-based approach to using cannabis to support and restore homeostasis and health.


From the perspective of someone who has studied traditional therapies as a career, it is surprising to me that cannabis ever left our medicine cabinets, since the plant has been used for millennia in cultures throughout the world as a remedy for ailments of both mind and body. In 1942, the American Medical Association (AMA) fought to keep it as part of the U.S. Pharmacopeia. In spite of cannabis’s long history as a safe and effective treatment for many conditions, the AMA lost that battle, and cannabis was banned. For 70 years, our scientific understanding of cannabis medicines languished. Today, research into the endocannabinoid system and cannabinoids is flourishing, and the promise of cannabis as an effective treatment is increasingly supported by strong evidence.


Michael Backes’s excellent update to his original book combines the latest research with real-world observations from the patients utilizing cannabis dispensaries in many states to present compelling evidence about the medical conditions for which the plant is effective. Intended as a guide for patients and their physicians, the book explains what has been recently learned and what has been rediscovered about the uses of medical cannabis. I believe that Western medicine can benefit from using traditional plant remedies instead of, or in combination with, the chemical drugs that now dominate the modern pharmacopeia. Cannabis is a striking example of a safe and effective botanical remedy that is underutilized and still largely misunderstood by many conventional practitioners.


Owing to variations in their chemistry, different cultivated varieties of cannabis produce different physiological effects and sometimes widely different experiences, yet there is little evidence-based guidance about using particular strains to address specific conditions or symptoms. This book helps fill that gap.


Clinical investigation is confirming that many common diseases, such as diabetes and cancer, may be closely linked to metabolic dysfunction caused by poor diet and inactivity. We are also beginning to collect evidence that cannabis contains potent homeostatic regulators that can help balance and maintain metabolism. Its constituents interact with the body’s own endocannabinoid system, affecting every physiological process, including appetite, regulation of mood, and perception of pain. My journey in developing integrative approaches to health and wellness began with a strong emphasis on mind–body interactions, and when I began studying cannabis in 1968, in my senior year at Harvard Medical School, I learned that it is capable of producing an extraordinary range of effects. This work was conducted two decades before the endocannabinoid system was discovered. Since that time, science has continued to confirm what experience has told us for centuries. With the evidence presented in this informative guide, the value and utility of cannabis as medicine become even clearer.


It is my strong hope that the work of Michael Backes and other like-minded professionals will inspire further rational and scientific approaches to cannabis, steer us away from the political agenda that has made it difficult for patients to access the benefits of this useful plant, and continue to guide the medical community to use it intelligently.
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INTRODUCTION



In the three years since the first edition of this book was published, thousands of research studies have been published about cannabis and the endocannabinoid system. Our understanding of the medical utility of non-intoxicating cannabinoids, such as CBD, has dramatically increased. Today, 29 states allow legal access to medical cannabis, while the use of cannabis as a medicine enjoys unprecedented levels of support throughout the United States.


When we consider the arguments against the use of cannabis as a medicine, we must first look at the evidence. What we know is that cannabis is certainly not a panacea, but for specific individuals and circumstances, it is very useful and quite safe. Both advocates and detractors of medical cannabis continue to promote a somewhat shocking range of misconceptions about medical cannabis. Cannabis won’t cure every cancer; it does produce side effects; and it is not right for everyone.


Before the publication of this book, finding evidence-based information about herbal cannabis medicines often proved challenging. I wrote the book primarily because I needed information on the history of medical cannabis, how to use it appropriately, the different varieties, and the conditions it has successfully treated for my work in California with patients using cannabis under a physician’s supervision. The book is not intended to replace professional medical supervision. Anyone contemplating using cannabis as a medicine should seek advice from a doctor. The prohibition of cannabis has unfortunately ensured that a spectacular amount of nonsense about cannabis and its medical uses is taken as fact. In my experience, opponents of medical cannabis remain opponents only until an illness strikes. Numerous times, politicians, judges, and law-enforcement officials who suddenly find themselves in need of some cannabis advice have approached me for discreet consultations on behalf of themselves or their loved ones.


Since the 1980s, a small coterie of determined scientists and physicians have studied cannabis and its effects. Conducting that work has been arduous in a hostile regulatory environment in which the study of cannabis is severely restricted and often prohibited altogether. But these determined individuals have not only persevered, they have succeeded in greatly broadening our understanding of the plant.


Cannabis and cannabis medicine remain a moving target. Every month, new studies further our understanding as to how cannabis works and might be used as a medicine. And our understanding of both the benefits and risks of using cannabis also continues to deepen. Because cannabis does not exhibit the toxicity of drugs such as opioids, dosing cannabis as a medicine tends to be imprecise.


A brave group of activists choose to challenge the status quo and demand access to cannabis as a medicine. This book would not exist without the courageous precedent that these activists set. Organizations such as the Wo/Men’s Alliance for Medical Marijuana, Americans for Safe Access, Marijuana Policy Project, Drug Policy Alliance, and NORML have fought hard to ensure that medical cannabis is available to those in need.


Far too many people have gone to prison for using or providing cannabis as a medicine. Laws that prohibit physician-supervised access to medical cannabis are fundamentally wrong and must be reformed. California was the first U.S. state to provide legal access to medical cannabis. Initially, California failed to create a regulatory system to provide storefront access to cannabis, and this created an uncertain climate in which some Californian cities tolerate dispensaries, very few permit them, and most ban them. Even laws that intend to enable storefront access to medical cannabis often create an oppressive bureaucracy that can be dauntingly difficult to navigate.


In this work, I attempt to provide a comprehensive overview of the uses of cannabis as medicine, even though the scientific and medical understanding of how cannabis works as a medicine continues to evolve. Cannabis is an extremely complex medicine, made more so because different varieties and forms of cannabis produce a range of medicinal effects. Part 1 provides a historical and scientific overview of cannabis as a medicine. Part 2 offers a guide to using medical cannabis. Part 3 focuses on 50 cultivated varieties of cannabis and how they produce different effects. And Part 4 provides information about using cannabis effectively with different ailments under a doctor’s supervision.


The research collected herein is drawn from hundreds of recent studies, but this book hopes to present this evidence in an accessible manner for the layperson. Cannabis Pharmacy is designed to encourage further inquiry, so I have attempted to avail myself of as many open and accessible sources as possible in its creation, so that patients and physicians wishing to dig deeper may do so easily and inexpensively. I hope that this book will encourage patients and physicians to discuss the advantages and limitations of cannabis as a medicine. It would be great if patients and physicians felt as comfortable discussing the potential use of cannabis as they do discussing an herbal medicine such as echinacea.
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Cannabis  as a Medicine


For over 12,000 years, the cannabis plant has provided humankind with food, fiber, inebriation, and medicine. Cannabinoids, medicinally active substances produced within the plant, interact with the protein receptors of the body’s endocannabinoid system, located throughout the body. Different varieties of cannabis express different chemistries, which in turn produce a varying range of medicinal effects and even different psychoactive trajectories. Understanding the chemical ecology produced within cannabis and how the body interacts with that chemistry enables consumers to use cannabis more predictably and effectively.


Historical Context—A brief history of cannabis medicine, from ancient Chinese herbals to modern pharmaceutical research.


The Cannabis Plant—Cannabis functions like a biological factory. Join us for a guided tour.


How Medical Cannabis Does and Doesn’t Work—Separate the folklore from the facts on the pharmacology of cannabis.


How Cannabis Works Within the Body—Cannabis dosage has been poorly understood, even by the so-called experts. Tips and hints for getting the right dose.


Adverse Effects of Medical Cannabis—Nontoxic? Reasonably. Side effects? Definitely. What can go wrong when using cannabis, and how to reduce its downsides.


The Endocannabinoid System—Since its discovery in 1989, the endocannabinoid system’s secrets are still being uncovered today.


Phytocannabinoids and Terpenoids—From cannabinoids to essential oils, from acidic versus neutral to pentyl versus propyl, learn about the principal active ingredients of medicinal cannabis.


Genotypes, Phenotypes, and Chemotypes—A quick guide to the world of cannabis genetics and genetic variation.















HISTORICAL CONTEXT



Humans may have cultivated cannabis for longer than any other plant. It has been grown for fiber, and perhaps medicine and inebriation for at least 12,000 years, since the end of the last Ice Age.


In 2016, a hypothesis placed the origin of cannabis upon the northeastern Tibetan Plateau in Central Asia, around 27.8 million years ago, where it diverged from Humulus (hops).1 Forty-thousand-year-old human remains have been found in the Altai region north of the Tibetan Plateau, so cannabis plants growing along the region’s riverbanks may have first attracted human attention as a food source.


The earliest extant evidence for cannabis usage are 10,200-year-old dried cannabis seed specimens found in a clay jar at a Jomon-period Japanese archaeological excavation on the island of Okinoshima, near the city of Munakata on the southern island of Kyushu in Japan. According to researcher Dave Olson, “A Neolithic cave painting from coastal Kyushu in southwest Japan depicts tall stalks with hemp-shaped leaves. Strangely dressed people, horses, and waves are also in the painting, perhaps depicting the Korean traders bringing hemp to Japan.”2


Cannabis may have spread widely across Eurasia beginning 5,000 years ago, after the domestication of the horse and the emergence of the Bronze Road, an ancient trade route through the vast steppes and a less arduous predecessor of the much later Silk Road.3 Cannabis as a multipurpose plant may have been a valuable trade commodity, a “cash crop before cash.”4


As an inebriant, residues of charred cannabis seed found in Romania and the North Caucasus provide evidence that cannabis was burned in Bronze Age funeral rituals. This supports the later description by Herodotus of Scythians howling with joy after inhaling the air inside tents filled with cannabis smoke.5
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A photograph of the Neolithic cave painting discovered in Japan. Between the two tall hemp leaves, it is just possible to discern human and horse figures above the swirling waves.








The earliest written accounts of cannabis used as medicine originate in ancient China, where cannabis is part of the generation-to-generation oral transmission of plant lore. This tradition extends back to the legendary Emperor Shen Nung, who reigned 4,700 years ago. In his teachings, Shen-Nung cited cannabis as an important herbal remedy, along with ginseng and ephedra. By the first century c.e., Chinese oral traditions concerning medicinal cannabis had expanded to cover over 100 medical conditions. This knowledge was incorporated into the first Chinese pharmacopeia, Pen-ts’ao Ching.


From 1500 to 200 b.c.e., cannabis was used as a medicine in the Mediterranean region, in Egypt and Greece, and in India. In the Avesta, the religious text of Zoroastrianism of ancient Persia (now modern-day Iraq), cannabis was ranked as the most important of all known medicinal plants.6 Further, Polish anthropologist Sula Benet has claimed, controversially, that cannabis provided a key ingredient—q’neh bosm—in the holy anointing oil recipe recounted in the Hebrew Old Testament’s book of Exodus.7


In early Islamic medicine, cannabis is both lauded as widely useful and condemned as a poison. The great Persian physician Mohammad-e Zakariã-ye Rãzi (865–925 c.e.) cited a wide range of uses for cannabis as a medicine, while the 10th-century physician Ibn Wahshiyah, in his book On Poisons, oddly claimed that the mere aroma of cannabis resin would kill within days of exposure.8


Cannabis Travels West


Until the 17th century, very little was written in the West about the medicinal uses of cannabis. In his oft-quoted The Anatomy of Melancholy, the English scholar Robert Burton included “hemp-seed” in a laundry list of plant remedies for depression, and herbalist Nicholas Culpeper included hemp as an anti-inflammatory in The English Physitian [sic]. It is interesting to note that both uses would have relied on English fiber cannabis varieties constitutionally low in tetrahydrocannabinol (THC; the main psychoactive constituent in cannabis) and higher in cannabidiol (CBD), an effective non-intoxicating anti-inflammatory and anti-anxiety agent.




William O’Shaughnessy


Sir William Brooke O’Shaughnessy (1809–89) was an Irish physician working in Calcutta, India, who studied the medicinal uses of cannabis. He first experimented with animals to gauge cannabis’s toxicity. While his animal subjects ranged from dogs and pigs to fish and birds, he could only induce symptoms of inebriation in his human subjects. O’Shaughnessy went on to experiment with alcoholic tinctures of Cannabis indica, working with people suffering from medical conditions including cholera, tetanus, and rheumatism. He found cannabis to be uniformly effective at calming patients. He even tried a tincture on a person suffering from rabies, and although the patient died from the disease, O’Shaughnessy believed the medicine helped the individual pass much more peacefully.







The Indian Hemp Commission


The 19th century’s most noted study of cannabis came in the shape of the “Indian Hemp Drugs Commission Report,” conducted by the British government and published in 1894. This study was not focused solely upon the fiber cannabis varieties commonly called hemp, but included extensive coverage of drug cannabis varieties cultivated throughout India. The report consisted of seven volumes and 3,291 pages of testimony from 1,193 interviews conducted across India. Its conclusion? “The Commission have now examined all the evidence before them regarding the effects attributed to hemp drugs… It has been clearly established that the occasional use of hemp in moderate doses may be beneficial; but this use may be regarded as medicinal in character.”9





In 1838, Cannabis indica was reintroduced to Western medicine by William O’Shaughnessy, an Irish physician working and teaching in India, who published a noted account of his experiments with the plant.10 In its usage in O’Shaughnessy’s India, cannabis—both as a medicine and an inebriant—was typically consumed orally, rather than smoked. The use of bhang (ground marijuana) in bhang lassi, a drink consisting of milk, spices, and cannabis (see here), had been present in the Indian subcontinent for over 1,000 years. Interestingly, recipes for bhang lassi often call for up to 1 oz (28.35 g) of cannabis flowers and leaves. Such a recipe could easily deliver 200 mg of THC per cup of bhang—an enormous dose. So why doesn’t a glass of bhang lassi deliver a huge effect? Simply because bhang is typically not heated above the temperature at which THC acid (THCA) transforms into its intoxicating form, THC. Since bhang lassi recipes call for first making a cannabis water tea, before folding in the milk, this means that few of the non-water-soluble cannabinoids are extracted. Bhang lassi is intended to be mild in its effect, and its traditional preparation method supports that outcome.


O’Shaughnessy’s work in India—then part of the British Empire—gained notice in Europe, where doctors would spend the next 50 years studying cannabis and its uses as a medicine. By 1887, the Italian physician Raffaele Valieri, touted the benefits of local hemp grown in Campania as a medicinal alternative to O’Shaughnessy’s indica preparations, providing some of the earliest observational scientific evidence supporting the use of cannabis high in CBD.11 Valieri recommended inhaled hemp as an effective treatment for neuropathic pain, Graves’ disease (an autoimmune condition), chronic obstructive pulmonary disease (COPD), asthma, and migraine.


J. R. Reynolds, personal physician to Queen Victoria, wrote in The Lancet (a highly respected British medical journal) in 1890, “In almost all painful maladies I have found Indian hemp by far the most useful of drugs.”12


In the 1890s at Cambridge University, agricultural chemist Thomas Barlow Wood, scientist Thomas Newton Spivey, and chemist Thomas Hill Easterfield conducted a study of the constituents of cannabis resin found in Indian hemp, in which the cannabinoid cannabinol they claim to have isolated later proved to be a mixture.14 The actual isolation of cannabinol was not confirmed until 1938, in a work published by a team at the Lister Institute.15 An editorial published in New York in 1895 in the Medical and Surgical Reporter underscored the safety of cannabis as a medicine by citing that there had never been a poisoning attributable to the use of medicinal cannabis.16




International Treaties


The Single Convention on Narcotic Drugs of 1961 is the principal international treaty prohibiting the production and supply of proscribed classes of drugs around the world, including cannabis, LSD, cocaine, and heroin. This treaty requires signatory nations to pass laws that align with the provisions of the Single Convention. The agreement explicitly permits the production and supply of the scheduled drugs for medical or research purposes. Government officials often cite that reforming cannabis laws on a national or state level will require modifying this treaty. With several signatory nations around the world recently choosing to legalize the use of the cannabis in violation of this treaty, it appears that the Single Convention ultimately must be revised. However, a 2016 United Nations General Assembly Special Session on the world drug problem ignored this issue.13





From Prohibition to Present


In 1925, the League of Nations endorsed and ratified the International Opium Convention, which included language banning cannabis and its derivatives except for medical and scientific use; this specific form of cannabis prohibition has continued internationally to this day. The United Kingdom banned cannabis a few years later, in 1928.




Raphael Mechoulam


Dr. Raphael Mechoulam has conducted cannabinoid research in Israel since the 1960s, with much of his work funded by the National Institutes of Health (NIH). Even though cannabidiol (CBD) had first been isolated from Mexican cannabis and Indian hashish samples in 1940, no further studies had been conducted into CBD for 25 years when Dr. Mechoulam started studying the cannabinoid in the early 1960s. Building on his research on CBD, he and his colleagues isolated THC and elucidated its structure in 1964. Mechoulam went on to identify the two “best candidate” molecules that were later proven to be the body’s own cannabinoids, a group of substances called endocannabinoids. In 2016, Mechoulam published a paper concerning his invention of semisynthetic fluorinated derivatives of cannabidiol, which hold promise as pharmaceuticals.17





By the mid-1930s, cannabis had been banned in all 48 U.S. states, and though it remained listed as a medicine in the U.S. Pharmacopeia (USP), access was virtually impossible.18 The federal government subsequently banned cannabis with the Marihuana Tax Act of 1937. During the hearing on the Tax Act, the American Medical Association’s (AMA) legislative counsel, Dr. William C. Woodward, testified to the House Ways and Means Committee that “there are potentialities in the drug that should not be shut off by adverse legislation. The medical profession and pharmacologists should be left to develop the use of this drug as they see fit.”19 Dr. Woodward and the AMA objections were ignored.


By the mid-20th century, the perception of cannabis and its extracts had devolved from being a safe and effective medicine to a dangerous narcotic. The AMA continued to oppose the removal of cannabis medicines from the USP for five years after the passage of the Marihuana Tax Act, before it was finally excised in 1942. Cannabis would continue to be excluded from the USP over the next 75 years; then, in 2016, the USP instituted a deliberative process that eventually may see herbal cannabis extractions returned to its pharmacopeia.20 From World War II until the early 1960s, cannabis was only studied in the context of being a dangerous narcotic.


The “modern” scientific era of cannabis research arrived in 1964, with the discovery of the major psychoactive ingredient in cannabis: delta-9-tetrahydrocannabinol, or THC. The structure of this clear, yellowish, tasteless resinous liquid was first elucidated, and then synthesized by Raphael Mechoulam and Yechiel Gaoni, researchers at the Weizmann Institute of Science in Israel.21















THE CANNABIS PLANT



Cannabis is part of the plant family Cannabaceae. This small family consists of flowering plants that likely originated within the temperate regions of the Northern Hemisphere, but has evolved and spread worldwide.
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Besides cannabis, the Cannabaceae family includes two species of hop, whose female flowers are used for making beer. The leaves of hop plants share their palmate (finger-shaped) form with cannabis. More recently, the Cannabaceae family has broadened to include 70 species of hackberry trees, that were previously thought to be part of the related Ulmaceae family, which includes elm trees.22 The winged hackberry tree produces serrated leaves like its hop and cannabis cousins.


There are contentious arguments for Cannabis having either two species (Cannabis sativa and Cannabis indica) or a single species with two subspecies (Cannabis sativa subsp. sativa23 and Cannabis sativa subsp. indica24), though this distinction remains intensely controversial. Both camps assert that sativa is the fiber type of cannabis that produces more CBDA and less than one percent THCA, while indica is the drug-rich cannabis, whose THCA content contained within the upper part of the plant is above one percent and can reach 30 percent of the plant’s dry weight. In common parlance, both indica and sativa are mistakenly used to categorize drug varieties of cannabis, with sativa used to describe narrow-leafleted and taller drug varieties from more tropical climes, while indica is applied to the broad-leafleted and shorter drug varieties from Afghanistan and Pakistan. Traditional Northern Indian and Nepalese cannabis cultivars selected over time for resin production (hashish) plants rarely exceed more than 6½ ft (2 m) in height, since this makes the resin collection easier for rubbed hashish. Varieties selected for sieved hashish production in Central Asia tend to be slightly taller. The drug cannabis cultivars selected for their flower clusters in South, Central, and North America and their Southeast Asian counterparts can exceed 12 ft (3.7 m), with cultivars in Vietnam around Dalat claimed to reach over 20 ft (6 m) in height.


Cannabis for Everything


Cannabis is a truly multipurpose plant. Its extraordinarily strong fibers have been used to make hemp cloth and paper for thousands of years. The Vikings used hemp to make sails for their ships to voyage from Scandinavia to Nova Scotia. Betsy Ross sewed the first United States flag from hempen cloth. The American Declaration of Independence was written on hemp paper, and deutsche marks—now obsolete German currency—were once printed on hemp paper. In the Netherlands, windmills were often built to crush hemp stalks.25


As already mentioned, cannabis’s potential as a food source is likely what first drew early human attention. Cannabis seed (hempseed)—which is strictly speaking a nut rather than a seed—is exceptionally rich in polyunsaturated fats, essential fatty acids, and proteins. This composition qualifies the seed as a functional food (that is, a food that can benefit a person’s health in ways other than purely nutritional) and indeed hempseed has been used in Asian cultures as both a food and a medicine for three millennia. Despite the sweeping American prohibition of cannabis products, over the last two decades hempseed is permitted in the United States for use in food, following a successful lawsuit against U.S. regulators.26




Outdoor vs. Indoor—Why Cannabis is not a Houseplant


Throughout the Western world, a debate has simmered over whether outdoor or indoor cultivation of medical cannabis produces better medicine. There is unpublished evidence that many cannabis varieties, especially those that are CBD-dominant, require the full spectrum and the intensity of light from the sun to produce their highest oil content and optimal medicinal chemistry.27 Jurisdictions that ban outdoor or greenhouse cultivation of medical cannabis do a disservice to patients seeking cannabis with high oil content. Indoor cultivation within a controlled environment can produce five crops per year of small, pristine plants with vast numbers of intact trichomes. Outdoor cultivation typically produces a single crop of very large plants, from which an individual plant can produce as much as 5 lb (2.3 kg) or more of dried flowers. Outdoor cultivation requires good sun, water, well-drained soil, and reasonable maintenance. Indoor cultivation demands high-intensity lighting, hydroponics equipment or soil pots, environmental control, and constant vigilance. Pests (see here) are more difficult to control indoors; therefore, preventative measures to control them are crucial. The future of medical cannabis cultivation belongs to a hybrid of indoor and outdoor: the greenhouse. Cannabis thrives when cultivated in a greenhouse under proper conditions. The essential oil and cannabinoid content of high-quality greenhouse cannabis can exceed that of any other cultivation environment. Greenhouse cultivation can be much more environmentally friendly than conventional indoor cultivation (see also, here–here).
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Strictly speaking “male” cannabis plants produce tiny mobile male plants called pollen that fertilize the tiny female plants that develop in the ovaries of “female” plants. The female (left) produces seedpods, while the male (right) develops sacs full of pollen for fertilization.28








Cannabis resin’s utility as a drug owing to its cannabinoid and terpene content, both for medicinal and psychoactive use, has encouraged breeding that favors the plant’s production of resin (see here). Breeding for increased drug production has produced a range of cannabis drug chemotypes regionally around the globe, with most cultivars producing only THC, a few cultivars producing THC and CBD, even fewer producing large amounts of CBD alone, and an incredibly small number of cultivars primarily expressing CBG, CBC, or the propyl variants THCV and CBDV (see here–here).


The Sexes of Cannabis


Cannabis is dioecious, meaning that it produces male and female flowers on separate plants. The first mention of cannabis dioecy appears in the Qimin Yaoshu, the earliest preserved agricultural text completed in 544 c.e., recognized as a classic work on speciation and later even cited by Darwin.29 Dioecy appears in other plants, including holly, gingko, dates, asparagus, and spinach. By contrast, most flowering plants exhibit both male and female reproductive organs on the same plant, developing mechanisms that are geared to reduce inbreeding and self-pollination. Cannabis likely evolved two sexes to encourage a wider genetic diversity.30 Molecular genetic markers for sex have been identified within cannabis, allowing the plant’s sex to be determined before any visible signs are observed.31


Cannabis is an annual plant, which means that it completes its life cycle within a single year. Most cannabis seeds will germinate three to seven days after planting. During the first three months of the cannabis life cycle, the plant undergoes a rapid vegetative growth phase, producing leaf mass for optimal photosynthesis. Following the vegetative phase, longer nights after the summer solstice trigger the cannabis flowering cycle within both male and female cannabis plants. This process of flowering in response to the increasingly longer nights is called photoperiodism and was first discovered by Tournois in 1912 from his studies of Japanese hop and hemp.32 Scientists later learned that a photoreceptor protein produced by the plant senses the changes in the day.33 Depending on the latitude, cannabis flowering requires 10 to 12 hours of night. Flowering cannabis produces fewer leaflets (small leaves) as the plant shifts its metabolic resources toward reproduction.34


A typical female cannabis plant will produce hundreds of tiny flowers. At the top of the plant these flowers are clustered in a huge mass that in Spanish is called a “cola.” Colas of female cannabis plants cultivated beneath the sun can exceed 4 ft (1.2 m) at harvest time. For an excellent in-depth resource on cannabis cultivation, The Cannabis Encyclopedia by George Van Patten (writing as Jorge Cervantes) is highly recommended.35


Flowering and Harvesting Female Cannabis Plants


By the beginning of the 19th century, it was discovered in India that unpollinated, seedless female cannabis flowers produced more drug resin, and hence more cannabinoids and terpenes (see here–here). The Indian technique of culling male plants before they could pollinate the females produced a form of unfertilized, seedless female cannabis flowers known as ganja. The Indian cannabis fields in Bengal would employ specialists called poddars to recognize the male cannabis plants before they could release their pollen, and then mark these males for eradication.36 The ganja approach meant that instead of diverting energy and metabolic resources to the production of seed, the unfertilized female cannabis plant would continue to produce copious amounts of resin while it awaited pollination. Though Indian indentured workers brought drug cannabis to Jamaica after slavery was abolished37 in 1834, it is unknown whether they employed techniques to cultivate seedless cannabis.


When it came to the Americas, the Indian ganja technique was dubbed sinsemilla, from the Spanish for “without seed.” When introduced to California in the 1960s, this technique radically increased the quality and aesthetic appeal of drug cannabis in the United States. Carolyn “Mountain Girl” Garcia, former wife of Grateful Dead member Jerry Garcia, wrote a book about the technique, which was published in 1977.38 But the book that truly captured the sinsemilla movement in the United States was written by Donald Avery and Tom Gundelfinger O’Neal (under the pseudonyms: Jim Richardson and Arik Woods), entitled Sinsemilla: Marijuana Flowers. Receiving limited distribution in 1976, this lavishly photographed work provides the best photographic reference of the different varieties of high-end narrow-leafleted drug cannabis cultivars being produced in the mid-1970s in the United States, virtually none of which are cultivated today.39 When the first sinsemilla crops became available on the West Coast in the mid-1970s, they fetched extraordinary prices of up to $200 per ounce (the equivalent of $900 in 201740). At the time ounces of commercial seeded Mexican went for $10 and high-grade Colombian Gold cost $40. Several accounts from cannabis connoisseurs of the 1970s found the effects of seedless cannabis to be slightly overhyped. One noted expert, the essayist Ron Rosenbaum, equated sinsemilla production to factory-farming chickens, saying the results reflected the artificial and stressful conditions under which the plant was produced. Today, despite its significantly increased oil and cannabinoid content, the advantages of producing seedless drug cannabis come with a small downside: Seedless crops are produced not from seed, but from “clones,” a term used to describe cuttings taken from vegetative “mother plants.” While providing more uniformity in the crop, growing drug cannabis from clones eliminates both the natural vigor expressed by plants propagated from seed and the opportunity for varietal improvement from breeding. Using the clones-and-mothers approach has kept certain lines of drug cannabis alive for decades, although accident, interdiction, and poor cultivation techniques have resulted in the loss of many early and interesting clone varieties.


Since the turn of the 21st century, tissue-culture techniques have been used with increasing success in the United States, Israel, the United Kingdom, Austria, and Canada to propagate cannabis plants from tissue samples and preserve elite clone lines. Tissue culture works by inducing the cells of a sample of plant tissue to produce new shoots and/or new roots, often by the application of plant hormones. This work was first pioneered using fiber cannabis varieties in China as early as the 1980s.41 Tissue culture of cannabis can also be used to create “artificial seeds,” a feat accomplished by a group led by Dr. Hemant Lata at the University of Mississippi.42 The Mississippi group has published a series of articles about cannabis tissue culture and advanced propagation techniques.43 44
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The cannabis plant produces four different types of trichomes, though only three are of medicinal utility: bulbous, capitate-sessile, and capitate-stalked, with the latter being the most prized.








Medicine in the Resin


Like many medicinal plants and herbs, the cannabis plant produces specialized hairs called trichomes that secrete resinous oils. Trichomes evolved primarily for protection, seed dispersal, and, occasionally, to assist in the plant’s development.45 The female cannabis plant produces a profusion of resin-producing capitate-stalked glandular trichomes in its aerial flowering tops. The tips of these trichomes secrete terpenoids, fats, and cannabinoids.46 The unpollinated female cannabis plant produces far greater concentrations of medicinal compounds in its resin (up to 20×) than a male or fertilized female plant. Each tiny cannabis flower within these clusters consists of a single, curled leaf known as a bract. Each cannabis bract is covered with vast numbers of tiny trichomes. Under magnification, a trichome resembles a golf ball sitting atop a tee. The golf ball is the trichome’s resin head, a microscopic cuticle wax balloon filled with oils secreted from secretory cells at the tip of the trichome’s stalk. The resin is secreted through the tip of the trichomes because its exudates are cytotoxic to the plant’s leaf tissues.47 When resin heads are ruptured, they release intense aromatic chemicals called terpenes, which are associated with the smell of cannabis and modulate the effects of THC, and the odorless cannabinoids (see here–here.) Trichomes are also the cannabis plant’s most delicate structures. And since they contain most of the medicine, trichome heads must be handled extremely gently to avoid rupture and subsequent oxidation of their contents. The size of resin heads atop trichome stalks varies between hemp and drug cannabis cultivars, with the resin heads of drug plants being considerably larger. In their study of dried samples of drug cultivar flowers, Small, Ernst, and Naraine noted that the size of resin heads varied between 40 and 210 microns (The average diameter of a human hair is 50 microns.) On fiber cultivars, the size ranged between 40 and 100 microns.48 Some of the largest trichomes (> 200 microns) are produced by elite drug cultivars, including Big Sur Holy Weed, Cherry Limeade, Asian Fantasy, Zeta, and Dinachem.


Between the resin head and the trichome stalk is an abscission layer, which happens to allow the resin head to be more easily separated from the stalk after the cannabis is harvested. These little balls of cannabis resin can be collected by sifting dried cannabis over a fine mesh screen, which allows the tiny resin heads to pass through the screen (see here). Alternatively, agitating the cannabis in ice water makes the trichomes brittle and the stalks and heads shear off, allowing the resin heads to be sieved from the water with a mesh screen.


The reasons why the cannabis plant secretes its precious resin are somewhat disputed. Claims have been made that the cannabinoids act as ultraviolet (UV) filters to protect the plant’s reproductive tissues from sunlight damage. A strong case has also been argued that the resin protects the plant from predation by insects and grazing animals. Taura, et.al, suggested that the intensely cytotoxic CBCA and THCA cannabinoid acids that accumulate in the resin in juvenile and mature plants, respectively, may play a role in the defense systems of cannabis to localize plant damage cause by pathogen attack.49















HOW MEDICAL CANNABIS DOES AND DOESN’T WORK



Per a recent survey by the International Association for Cannabinoid Medicines (IACM), most individuals who use cannabis for medical reasons are seeking symptomatic relief from pain or physical discomfort—for example, back pain, injury, or accident, migraine—followed by sleeping disorders, depression, neuropathy, and multiple sclerosis. There is a solid body of evidence for using cannabis as an effective medicine for some of these conditions, and less evidence for others.


Use or Abuse?


Although cannabis is often cited as being one of the most commonly abused drugs on the planet, such a characterization is misleading. There is a common, and false, distinction made between the misuse of licit drugs versus the abuse of illicit ones. Both licit and illicit drugs can be used rationally and irrationally; both can be misused. The molecules that make up the drugs are neither good nor evil. To claim that cannabis is completely safe and can cause no harm is as irrational as claiming that cannabis has no medicinal use whatsoever. The reality is that cannabis can be used medicinally, and that cannabis can cause harm if not used intelligently.


Understanding what we don’t know about cannabis can be as important as making use of what we do know. Cannabis may well be effective for treating certain forms of cancer. Does that mean it is a cure for cancer? No. A cure for cancer is a treatment that will keep a cancer patient free from cancer for at least five years. It has not been proven that cannabis can cure cancer. Cancer is complex. It’s not one disease; it is dozens of diseases lumped together under the umbrella of a single word: cancer. It’s not reasonable to expect any one plant to solve the mystery of cancer. Cannabis may certainly provide promising treatments for certain cancer types, but more research and evidence are needed.50


The way to approach cannabis as a medicine is to do so cautiously, even though human beings have been using medicinal cannabis for millennia. Such caution is warranted since humans have used various traditional medicines incorrectly, and have inadvertently harmed themselves in the process. It is worth remembering that arsenic was touted as a medicine by nearly every doctor in the 18th century. There is a surprising amount left to learn about the pharmacology of cannabis constituents and how they interact with each other.


Changing Practice


Cannabis is a remarkably nontoxic substance; but within the body, compounds produced by cannabis mimic fundamental regulatory molecules that control and modulate physiological processes. The endocannabinoid system (with which cannabis interacts, see here-here) appears to have a key role in regulating pain, appetite, immune function, and dozens of other physiological processes. The study of the ECS is so new and moving so quickly that there will almost certainly be additional major discoveries over the next decade.




SURVEY OF MEDICAL CONDITIONS AND THE NUMBER OF PEOPLE TREATING THEM


ADHD or hyperactivity: 33


Allergy: 7


Amyotrophic lateral sclerosis: 1


Anxiety disease: 38


Arthrosis or degenerative arthritis: 35


Asthma: 15


Autism: 4


Back pain: 113


Bechterew disease: 6


Bipolar disorder: 13


Cancer: 14


Cancer chemotherapy: 7


Chronic obstructive pulmonary disease: 6


Crohn’s disease or ulcerative colitis: 17


Dependency from alcohol, opiates, or other: 14


Depression: 64


Epilepsy: 15


Fibromyalgia: 33


Gastritis or gastric ulcer: 5


Glaucoma: 10


Head or brain injury: 4


Hepatitis: 23


HIV or AIDS: 28


Irritable bowel syndrome: 13


Lupus erythematosus: 4


Menstrual pain: 5


Migraine or headache: 33


Multiple sclerosis: 39


Neuralgia: 9


Neurodermi: 2


Neuropathy: 23


Obsessive compulsive disorder: 7


Osteoporosis: 2


Pain from injury or accident: 59


Parkinson’s disease: 2


Phantom limb pain: 7


Postpolio syndrome: 3


Posttraumatic stress disorder: 31


Restless legs syndrome: 3


Rheumatoid arthritis: 19


Schizophrenia or psychosis Scoliosis: 7


Sleeping disorder: 66


Spinal cord injury: 22


Tinnitus: 1


Tourette’s syndrome: 3


Trigeminal neuralgia: 1







SURVEY OF SYMPTOMS AND THE NUMBER OF PEOPLE SEEKING ALLEVIATION


Anxiety: 174


Appetite loss or weight loss: 102


Bladder problems : 8


Breathing problems: 14


Chronic inflammation: 35


Chronic pain: 278


Depression: 50


Diarrhea: 8


General malaise: 17


Hyperactivity: 22


Impotence or decreased sexual desire: 3


Inner unrest : 22


Irritability: 22


Nausea or vomiting: 22


Nightmares: 6


Pruritus or itching: -


Seizures: 7


Sleep disorders or insomnia: 49


Spasms: 28


Spasticity: 10


Sweating at night: 3


Tics : 1


Tremor : 1





The results of the 2009–10 IACM international survey of patients using cannabis as a medicine. The tables reveal which medical conditions are treated most frequently (top) and types of symptoms for which patients are most likely to seek alleviation using medicinal cannabis (bottom).51




The Chemical Ecology of Cannabis—A Question of Synergies


Physicians and pharmacologists, including Ethan Russo, John McPartland, and Geoffrey Guy, have spent the last few decades examining the chemical ecology of the cannabis plant. McPartland and Guy have proposed a “coevolution hypothesis,” which posits that humankind has been breeding selected cannabis varieties to increasingly interact safely and effectively with the human body’s endocannabinoid system.52 Perhaps the human body evolved to reduce cannabinoid receptor expression in the brain stem. Were this not the case, a cannabinoid overdose might be fatal if it depressed respiratory center function within the brainstem, as in opioid overdoses. What is known for certain, however, is that the cannabis plant produces an entourage of cannabinoids and terpenoids that clearly modulate the effects of one another and often reduce the side effects of one constituent while enhancing the effects of another.53 Raphael Mechoulam first noted the “entourage effect” synergies between cannabinoids, such as THC and CBD. Cannabidiol (CBD) reduces the anxiety that can be caused by tetrahydrocannabinol (THC) and reduces the forgetfulness produced by moderate doses of THC. Ethan Russo, in collaboration with David Watson and Rob Clarke at Hortapharm, first noted and studied the entourage effects between terpenoids and cannabinoids in their legendary (and unpublished) “terpene challenge.” Pinene, a terpene produced by some varieties of cannabis, appears to reduce the short-term memory impairment caused by THC by inhibiting the enzymatic metabolism of acetylcholine within the hippocampus, a brain structure linked to memory and learning. However, research indicates that pinene alone may be too weak to exert a memory protective effect, and pinene likely acts in synergy with other compounds in the plant to protect memory from the amnesiac effects of THC.54 The number of potential chemical synergies of medicinal interest found within the cannabis plant boggles the mind and should keep researchers quite busy for at least the next decade.





Until recently, much of the information that is available to medical cannabis patients in the United States came from the marijuana underground, and not from formal medical research. That situation is changing, but not as quickly as cannabis science is advancing. Cannabis prohibition created an immense gulf between the contemporary practice of medicine and the use of cannabis as a medicine. Today’s physicians were not taught that cannabis can be an effective medicine; they were taught cannabis is a drug of abuse. Because of the relatively recent discovery in the late 1980s of the ECS, very few physicians practicing today have been taught about the regulatory role of the ECS in physiological processes.55


Patients using cannabis as a medicine often know more about its medicinal application than their doctors. The gulf stems from the difficulty of conducting peer-reviewed medical research on the medical uses of cannabis when the National Institute on Drug Abuse (NIDA), the primary U.S. government body supervising that research has, until recently, been dedicated to the proposition that cannabis has no medicinal use. This is the endgame of the politicization of science. However, the situation may be changing, driven by the therapeutic utility of non-psychoactive cannabinoids, such as CBD.56 There is every chance that cannabis research will soon be less fettered, although many have been making the case supporting fewer restrictions on research since the 1960s.57


Cannabis, Kids, and Pets


Protecting children from the dangers of drugs is a minefield of good intentions and poor decisions. Which drugs are appropriate and safe for use with children is not easily answered. When neuroscientists are unable to distinguish the difference between Ritalin and cocaine in patients undergoing state- of-the-art brain scans (because their sites and methods of action appear almost identical), it underscores the challenge of making definitive statements about the risks or benefits of using psychoactive drugs with young patients.58


So, what about medical cannabis and children? Like all medicinal uses of cannabis, the answer requires a thoughtful physician with an understanding of the current evidence concerning the impacts of cannabinoids on child and adolescent development. There is evidence that the THC-dominant cannabis without a CBD buffer can impact brain developmental processes.59 And yet there is also evidence that constituents in cannabis, such as CBD and CBDV, may be of significant value in treating certain intractable forms of childhood epilepsy,60 and may also protect the brain from certain adverse effects of THC.61 What’s the answer? There is no easy one, but even the difficult answers should rest with the parent and the child’s healthcare professional.


As for pets, some folks think that everything they do to themselves is just fine for their companion animals, but they are wrong. High-THC cannabis products won’t kill your dog or cat, but they can temporarily paralyze an animal, cause it to lose bladder control, and generally make the creature terribly disoriented. Dogs, cats, and rodents have more CB1 endocannabinoid receptors in the cerebellum region of their brains—the area that regulates balance, posture, and other motor functions—which is believed to be the reason that animals can become catatonic after consuming high doses of a CB1 agonist, such as THC.62


Is there a use for medical cannabis with animals? Very likely. A small number of veterinarians around the world are currently researching the potential use of medical cannabis with companion animals, especially extractions from high-CBD varieties.63 Always consult a veterinarian before using cannabis medicines for treating an animal, because the effective dose between species may vary considerably.















HOW CANNABIS WORKS WITHIN THE BODY



The cannabis plant produces more than 700 different chemical compounds, including 120 phytocannabinoids, but fewer than 50 of these compounds are produced in significant amounts.64 Most of the remaining compounds are metabolites or breakdown products found at miniscule levels.


The best-known cannabis compound is the phytocannabinoid, tetrahydrocannabinol or THC. THC is just a single component of a remarkable chemical ecology produced by cannabis, which comprises dozens of medicinally active substances. It is an error to consider THC, CBD, or any single cannabis compound to be the most medicinally valuable. Cannabis compounds in herbal cannabis or whole-plant extractions tend to work together in synergy, delivering what is frequently referrred to as an “entourage effect.” The variation in medicinal effects associated with different cannabis cultivars is due to varying ratios of active compounds produced by these cultivars.65 Variation in potency and composition, plus complex entourage synergistic effects and processes by which the body metabolizes these cannabis constituents, make any thorough understanding of herbal cannabis effects a very challenging proposition.


Understanding how and where the various constituents of cannabis medicines are absorbed, distributed, metabolized, excreted, and stored within the body is important for establishing a basic understanding of how cannabis works as a medicine. But such an understanding is, from a scientific standpoint, a moving target. There is only so much that is currently known about how the body acts upon cannabis medicines (called the pharmacokinetics of cannabis) and how the cannabis medicines act upon the body (called pharmacodynamics).


Absorption of Cannabis Medicines


When smoked or efficiently vaporized, the inhaled THC in cannabis medicines reaches its peak blood plasma concentrations within six to seven minutes of ingestion.66 THC from smoking is detectable in the bloodstream a few seconds after inhalation. The ability of a patient to absorb THC through smoking or vaporization appears to be a learned behavior; experienced users are more than twice as efficient in their rate of absorption as occasional users. The efficiency of inhaled cannabis is dependent on the size and duration of the inhalation. Holding one’s breath when smoking cannabis increases absorption, but with diminishing returns because of the increased deposition of irritating tars on sensitive lung tissues.67 Holding one’s breath when inhaling high-terpene content formulations from electronic vape pens can also irritate the lungs.


Sublingual (under the tongue) or oromucosal (on the buccal tissues lining the mouth) administration of cannabis medicines are not as efficient as administration by inhalation, although absorption and onset of oromucosal cannabis medicines may occur as quickly as 5 to 15 minutes after application. Peak blood concentrations for oromucosal THC are reached within 4 hours, with other cannabinoids such as CBD taking slightly longer to peak.68 It is believed that terpenes are reasonably well absorbed through the mucous membranes of the mouth, as shown in animal studies where the terpenes, beta-pinene, cineole, alpha-terpineol, and linalool were readily absorbed.69


Gastrointestinal absorption of cannabinoids in swallowed cannabis medicines is both slow and inconsistent. This inconsistency has often been cited as the reason why many oral cannabis preparations that were popular in the 19th century subsequently fell out of favor with both doctors and patients. Maximum blood plasma levels are often reached within two hours, but in some studies, human subjects have needed up to seven hours to reach these levels. Furthermore, a portion of the cannabinoid dose and nearly all terpenes are destroyed by stomach acid and digestive enzymes. Then, the liver metabolizes cannabinoids and modifies them before they reach the bloodstream. This liver absorption and metabolism of cannabinoids is called a first-pass effect. Formulation tricks can be used to increase gastrointestinal bioavailability of cannabis medicines, including mixing the cannabinoids and terpenes into a cyclodextrin (a ring of sugars derived from modifying a starch) that effectively surrounds the active ingredients with a protective molecular cage.


Topical absorption of THC is difficult and not particularly efficient, but can be accomplished by blending the THC into the proper base. This approach has been used to treat skin conditions, including psoriasis and inflammatory ailments, such as osteoarthritis.


Metabolism of Cannabis Medicines


Once absorbed, 90 percent of cannabinoids will be bound to proteins in the blood plasma. Because they are being moved by the blood, cannabinoids end up being distributed to tissues that have lots of blood vessels, including the heart, liver, fat cells, among others. Only about one percent of administered THC will find its way to the brain.


Certain organs in the body can break THC down into other molecules called metabolites. As mentioned, initial metabolism takes place primarily within the liver, but will also occur within the tissues of the heart and lungs. When the liver breaks down THC, a common rule of thumb is that the primary THC metabolite, 11-hydroxy-THC, is at least twice as intoxicating with effects lasting twice as long. Eventually, 11-hydroxy-THC undergoes further metabolic transformation into non-psychoactive metabolites.
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Using a vaporizer: Hot air passes through dried cannabis flowers in the filling chamber. As it does so, the bag attached to the filling chamber fills with vapor, ready to inhale.








Eliminatng Cannabis from the Body


Within roughly 50 hours after ingestion, THC and its psychoactive metabolite will be typically eliminated from the bloodstream. THC’s non-psychoactive metabolites can hang around for weeks in heavy users. Eventually, these metabolites will be excreted—around 30 percent excreted in urine and 70 percent in feces (5 percent of an oral dose will be excreted in the feces unchanged).70


Neutral vs. Acidic Cannabinoids and Bioavailability


Within the cannabis plant, THC and the other cannabinoids exist in the form of acids—for example, THCA. The healthy human body does not easily absorb these cannabinoid acids. This ability of a drug to be absorbed is termed its bioavailability. When heated, however, cannabinoid acids give up a carbon dioxide molecule and transform into a neutral state—a process called decarboxylation— which makes them considerably more bioavailable. Cannabinoid acids are very delicate. Even room temperatures will slowly promote their conversion to their neutral form.


The conversion of THCA to THC in herbal cannabis medicines can be accomplished at 266°F (130°C) maintained for a period of 12 minutes.71 Great care should be exercised when handling decarboxylated cannabis and especially cannabis concentrates, since their high bioavailability makes accidental overdosage by licking one’s fingers painfully simple. There’s even a colloquial phrase for this accidental ingestion: becoming a cookie casualty.


The high heat used to smoke, vaporize, or cook cannabis quickly transforms cannabinoid acids into this neutral form. It is also possible to convert the various cannabinoid acids into their neutral forms with the steady application of moderate heat at a temperature that is below boiling or combustion points of the cannabis constituents, but cannabinoid acids, such as CBDA and CBGA, require higher temperatures and more time: 293°F (145°C) for 25 minutes for decarboxylation.72 When decarboxylating cannabis extracts, the process can take much longer. A good rule of thumb is to watch the carbon dioxide bubbles form during the process, and continue heating the extract until their formation subsides.


Are Cannabinoid Acids Effective Medicines?


Recently, a small study was published that controversially claimed that decarboxylated THC was more bioavailable than THC acid, but that CBD acid was more bioavailable than decarboxylated CBD. Dutch scientist Arno Hazekamp noted in his work on cannabis tea that even though the water used was not hot enough to decarboxylate the THC, patients were still noting medicinal effects—just not getting very “high.” Just because cannabinoid acids do not produce intoxicating effects, it certainly does not mean that they cannot be medicinally effective. As far back as 1999, researchers were suggesting that acidic cannabinoids held significant potential as medicines.73 However, the assertion remains unproven that raw cannabis and its cannabinoid acids might be more effective medicinally, or better absorbed, than the neutral cannabinoids produced by the application of heat. Ethan Russo has suggested that cannabinoid acids may more readily cross the blood-brain barrier when that barrier is compromised in some neurological disorders.




Variance in Cannabis Effects among Patients


Numerous studies have shown the enormous range of effects occurring when cannabis medicines are administered to different patients, especially through oral administration. This variance depends on several factors: cannabis use pattern, genetic variations, and how the cannabis is administered. When administered orally, the amount of THC that will make it into the bloodstream will vary between 4 and 12 percent. This means that one patient could absorb three times the dose administered to another patient.


Additionally, the target can be sized differently among different patients. In the case of THC, one of its targets is the CB1 receptor. The density of the target CB1 receptors in the brain can vary with an individual’s level of tolerance to cannabis medicines. A patient with an extremely high tolerance to the effects of cannabis may be able to withstand a dose of cannabis 100 times greater than a novice patient, though evidence exists that this tolerance does not extend to the neurocognitive deficits caused by high doses of THC. Among some users of cannabis, a high tolerance is sometimes mistakenly viewed as some form of accomplishment, when it’s simply the body’s attempt to establish an equilibrium in response to high doses. Recent brain-scanning studies at Harvard indicate that tolerance to the effects of cannabis that were previously shown to require over 28 days of abstinence for complete recovery, may be mostly reversed after a few days of abstinence.74





Dose: Less Leads to Increased Effect


Brain-scan studies have recently shown that repeated high doses of cannabis cause the brain to reduce the density of cannabinoid receptors in the body.75 This result makes sense in the context of the overall purpose of the endocannabinoid system (ECS), which is to regulate and balance signaling throughout the whole body. High doses can cause an imbalance of the ECS, and the body therefore adjusts by reducing cannabinoid receptor density. So, if there is a rule of thumb for cannabis dosage, it should be: Use the minimum effective dose required to address the medicinal need, then set the shortest possible treatment course at that dosage, to reduce the chance of a patient developing dose-tolerance issues.















ADVERSE EFFECTS OF MEDICAL CANNABIS



Understanding the side effects and contraindications of using herbal cannabis as a medicine will make a patient’s experience both safer and better informed. It is important to speak with a physician or healthcare professional if a user experiences any side effects from any medication, including cannabis. The easiest approach to limiting cannabis side effects is by reducing the cannabis dose consumed.


A commonly held belief among certain circles is that cannabis is completely safe. This is based on the misconception that plant medicines are inherently harmless, but the reality is that cannabis is a potent drug, capable of producing noteworthy side effects. Cannabis can also cause significant interactions with certain other medications. The side effects of larger doses of THC-rich cannabis medicines can be frightening to novice users, who may be unaccustomed to the psychoactive effects associated with THC. Older patients without prior experience of THC can become very uncomfortable indeed, at doses that cause no issues in younger patients.


Most of the cannabis side effects noted opposite are solely associated with THC, the primary psychoactive ingredient. By using cannabis medicines that also contain CBD, a non-intoxicating cannabinoid, some of those side effects can be reduced or even eliminated. Patients who are either new to cannabis medicines, or who have accidently overmedicated, can occasionally experience a condition called postural or orthostatic hypotension, which can result in sudden lightheadedness and even loss of consciousness upon standing from a seated or reclining position. Suddenly passing out upon standing up has become increasingly common among users of highly concentrated cannabis oils. It has also been observed that, while reclining, novice cannabis users tend to experience an upward spike in their blood pressure. This should be noted with caution if concurrent high blood pressure is already an issue.


Pregnancy and Breast-Feeding


The use of cannabis during pregnancy and breast-feeding cannot be recommended, though its use for treating severe morning sickness may be warranted if conventional antiemetic drugs do not work. There are clear indications that women who smoke cannabis produce babies with lower birth weights. Cannabinoids from cannabis medicines are passed along in the mother’s breast milk to the infant. While the cognitive tests given to children of mothers that used cannabis while pregnant or breastfeeding are contradictory, proper caution to protect the child must be observed. The most recent research on endocannabinoids indicates that they regulate many key aspects of fetal and childhood organ development, including the brain and nervous system, which justifies restraint when using phytocannabinoids that mimic these endocannabinoid regulatory molecules. In a recent editorial in the journal, Future Neurology, a group of neuroscientists expressed their deep concern that, “a broad array of impairments can arise from disrupted endocannabinoid signaling” caused by phytocannabinoid use during pregnancy.76




The 4–7–8 Breath


When dealing with side effects associated with an uncomfortable level of THC psychoactivity, the patient should be encouraged to remain calm. Dr. Andrew Weil teaches a relaxing yogic breathing technique called the 4–7–8 breath: Sitting comfortably, empty your lungs through the mouth with a whoosh. Close your mouth and fill your lungs by inhaling through your nose on a mental count of four. Hold your breath for a count of seven, then slowly exhale though the mouth, with a whoosh, over a count of eight. Repeat four times.









BEFORE USING CANNABIS


CONSULT YOUR PHYSICIAN if you have been diagnosed with, or believe that you may suffer from:


• Schizophrenia, bipolar disorder, or severe depression


• Heart disease, chest pain, high blood pressure, angina, or irregular heartbeat


• A history of stroke


• Chronic obstructive pulmonary disease or chronic bronchitis


• An immune disorder or medical treatment that compromises immune function


• Are taking a medication, such as some blood thinners, where cannabis compounds, such as those found in high doses of CBD may interfere with that medicine’s metabolism.


If any of the above might apply, speak with a physician or healthcare professional before using medical cannabis, as the use of cannabis may not be safe, or special precautions may be advised. Additionally, if you are under 22 years of age, speak with your doctor about the safety of using high-THC cannabis medicines without the addition of a protective CBD buffer. There is certain conflicting evidence that exposure to THC may interfere with specific aspects of adolescent and young adult brain development and may possibly encourage the development of schizophrenia in a very small, but susceptible, group of young people, especially those with a family history of the disorder. Several studies are currently underway that should help to provide more evidence to support or disprove the role of cannabis in the development of psychosis. Until then, younger patients should exercise significant caution before using THC-dominant cannabis medicines and consider using cannabis medicines with a CBD safety buffer. Immune-compromised patients must take special care to avoid pathogenic fungi/molds that could be present on herbal cannabis that has not been screened for these microbiological contaminants.












THE MOST COMMONLY REPORTED MILD ADVERSE EFFECTS AMONG USERS OF MEDICAL CANNABIS


 


• Tachycardia (rapid heartbeat) is common among new users of cannabis medicines containing THC. Rapid heartbeat typically subsides within 15 to 20 minutes. Slow, steady breathing for a few minutes can help relax the patient experiencing tachycardia. If rapid heartbeat is accompanied by chest pain or any other cardiac symptoms, contact an emergency healthcare professional immediately.


• Dry mouth, technically called xerostomia and informally “cottonmouth.” Dry mouth can be addressed with lemonade. Lemonade with added lemon peel is a popular local remedy in North Africa to reduce the mild side effects of cannabis use. Citrus lozenges or chewing gum flavored with citrus oils encourage saliva production and can help relieve dry mouth.


• Dizziness or lightheadedness can seem less pronounced when the eyes are kept open and focused on something.


• Red, irritated eyes can be treated using mild eye drops, such as single-dose preservative-free artificial tear formulations.


• Coughing caused by inhaled cannabis smoke or vapor is seldom dangerous and usually subsides quickly. Coughing is most easily avoided by simply reducing the amount of smoke or vapor inhaled. A glass of water can also help. Care must be taken when inhaling concentrated forms of cannabis, such as cannabis resin (hashish) or oil (hash oil, butter, wax, or dabs), since inhaling too much can result in a brutal coughing fit that can damage the lungs. If persistent airway irritation becomes an issue with inhaled cannabis, then oral or sublingual cannabis administration methods should be explored.


Most cannabis side effects are not an immediate cause for alarm, though calming someone who is experiencing any one of them for the first time can be challenging.








Short-Term Adverse Effects


By far the most commonly experienced, acute psychological side effects of cannabis medicines are confusion, anxiety, and feelings of panic. These are dose-dependent side effects. If these psychological symptoms escalate, the patient must seek medical attention. The risk of these side effects can be reduced by significantly lowering the cannabis dose until a comfortable baseline dose is identified. Baseline doses are easier to establish using smoked and vaporized cannabis medicines than with oral and sublingual cannabis preparations, because the onset of effects is faster when medicines are inhaled.


Using high-THC herbal cannabis medicines that also contain CBD, limonene, and pinene may reduce some of the side effects associated with THC. It has been shown recently in brain-scan studies on humans that THC interferes with the function of the salience network in the brain, a network of the brain structures involved in assigning relative importance to incoming stimuli. THC-induced disruption of salience network function is believed to be directly responsible for cannabis-related anxiety and paranoia. Interestingly, this impairment in salience appears to disappear when THC and CBD are combined.77


Long-Term Adverse Effects


There can be long-term adverse effects from using cannabis medicines, which is why physicians should recommend a defined course of treatment with cannabis medicines for their patients. Heavy, long-term smokers of cannabis can develop severe and chronic bronchitis. A range of cognitive deficits (that is, affecting the ability to think) has been noted in long-term heavy cannabis users. On the plus side, evidence indicates that most of these cognitive deficits are likely reversible after abstinence from THC or by combining THC with a CBD safety buffer. A recent brain-scanning study of heavy cannabis users has shown that the density of their CB1 cannabinoid receptors had declined considerably. This receptor density was completely restored in all the study participants after 28 days of abstinence from cannabis, except in the hippocampus, which is associated with memory and learning.78 A more recent study from Australia shows that the hippocampus also recovers its CB1 receptor density, but it takes longer. This study showed that CBD protected the hippocampus from changes associated with the use of THC alone.79 Decline in receptor density is called receptor downregulation. It is likely responsible for the development of “tolerance” over time to the effects of cannabis. Aspects of cannabis tolerance can be controlled through a measured approach to both cannabis dosage and frequency of use. Increasingly, evidence points to the importance of using a “CBD buffer” as protection from many of the short- and long-term cognitive side effects associated with THC-dominant cannabis flowers and preparations.80


Drug interactions


Many cannabinoids and, most potently, cannabidiol (CBD), can inhibit or induce the activity of cytochrome P450, a family of liver enzyme isoforms that the body uses to metabolize some prescription medications, which can increase or decrease the effect of these medications. Patients taking high doses of CBD should consult with a healthcare professional about potential interactions if taking other medications simultaneously. A 2014 review of the effects of cannabinoids on human drug metabolizing enzymes stated that the risks posed by THC, CBD, and CBN on the function of these enzymes and their subsequent impact on drug metabolism appears to be small.81 Special caution is advised when taking cannabis containing CBD when taking other drugs that are metabolized by the cytochrome P450 enzymes.


Adrian Devitt-Lee wrote an excellent overview of CBD/drug interactions for the Project CBD website.82 Over 60 percent of prescribed medications are metabolized by these enzymes, including many anti-epileptic drugs.83


A 2016 case report from Boston University expressed concern that a patient’s use of oral cannabis products was interfering with the metabolism of tacrolimus, an immunosuppressant medication prescribed to help transplant patents avoid rejection or graft-host disease.84




DRUGS THAT CAN DECREASE OR INTERFERE WITH THE EFFECTS OF ORAL CANNABIS


Amiodarone (Cordarone): treating cardiac arrhythmias


Clarithromycin (Biaxin): antibiotic


Diltiazem (Tiazac, Cardizem, Dilacor): treating high blood pressure, angina


Erythromycin (Robimycin, Ilosone, Acnasol): antibiotic


Fluconazole (Diflucan, Trican): antifungal


Isoniazid (Nydrazid, Rifamate): treating tuberculosis


Itraconazole (Sporanox): antifungal


Ketoconazole: antifungal


Miconazole (Monistat): over-the-counter antifungal


Ritonavir (Norvir): HIV protease inhibitor


Verapamil (Calan, Veralan, Isoptin): treating cardiac arrhythmias







DRUGS THAT CAN INCREASE THE EFFECTS OF ORALLY ADMINISTERED CANNABIS


Carbamazepine (Tegretol, Equetro, Carbetrol): anticonvulsant


Phenobarbital: sedative, anticonvulsant


Phenytoin (Dilantin): anticonvulsant


Primodone (Mylosine): anticonvulsant


Rifabutin (Mycobutin): Mycobacterium avium complex (MAC) disease


Rifampicin (Rifampin, Rifadin, Rifater, Rimactane): antibiotic


St. John’s Wort: herbal antidepressant


Additionally, cannabis medicines (smoked, oral, sublingual, or vaporized) increase the effects of alcohol, benzodiazepines (Ativan, Halcion, Librium Restoril, Valium, Xanax, etc.), and opiates (codeine, fentanyl, morphine, etc.).







Can Cannabis Cause Heart Attack or Stroke?


The short answer: Yes, cannabis can increase the chances of stroke or heart attack in vulnerable users.85 The latest research indicates a small increased risk of stroke in young people who use cannabis, primarily smoked cannabis, recreationally. This risk is extremely small, but considered significant by the researchers. Additional research shows higher rates of heart attacks among older patients who use cannabis, or have done so in the past.86


In Case of Overmedication with Cannabis


Accidental overmedication with cannabis is not life threatening. It can be an extremely unpleasant experience for three to eight hours, but it will not be a fatal one. No human being has ever died from an overdose of cannabis.


The most common form of cannabis overdose is by oral administration of an excessive dose of THC. Hallucinations, paranoia, panic, rapid heartbeat, and nausea can all manifest in THC overdose. The best approach is reassurance and trying to make the person as comfortable as possible. The bottom line is that the patient is going to have to rest until the symptoms subside.


Plenty of water is recommended, but don’t force it. If the victim is a child, call the nearest poison control center. If the adult victim needs to be transported to the hospital, he or she will typically be given an antianxiety medication and sent home to rest. New treatments for severe THC overdose may be developed from pregnenolone, the inactive precursor of all steroids, since it effectively blocks the intoxicating effects of THC in the brain.87




Is Stoned a Side Effect?


More and more patients are looking to reduce the level of intoxication associated with cannabis medicines. Most hashish cultivars around the world—including the oldest cannabis medicinal crops—are so high in CBD that they produce reduced levels of psychoactivity when compared to today’s cannabis varieties. Some older patients that used cannabis in the 1960s and 1970s remember these low-THC varieties fondly, and often claim that today’s cannabis, while stronger, does not produce as interesting an effect. What if there were a cannabis variety that relieved the symptoms of pain and anxiety, elevated mood, and even relaxed muscles, but didn’t impair its user in any fashion? Some cannabis breeders think that this sort of cannabis cultivar could represent the future of cannabis. Prohibition spiked THC content, but also upset the balance of the plant’s chemical ecology. In 1982, Ron Rosenbaum, the noted essayist, complained in his High Times column (under his pseudonym, “R” The Dope Connoisseur) that the introduction of indica cannabis cultivars from Afghanistan and Pakistan had negatively impacted the quality of North American cannabis. Rosenbaum noted that the cerebral clarity of the best sativa cannabis had been supplanted by the dull, stoned lethargy of the skunky early indica Kush cultivars.88
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