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Medical Marijuana: Theory 
and Practice 
 

INTRODUCTION TO THE CONTROVERSY 

“Medical marijuana” is also known as “medicinal marijuana,” although some clinicians consider 

the word marijuana to be pejorative and prefer “medical cannabis.” Medical marijuana is the 

most controversial therapeutic agent of modern times. The idea of employing it as a legitimate 

medicine is shocking to many (Figure 13.1). Marijuana is the world’s most popular illegal drug, and 

no other plant is as extensively associated with crime and immorality. Its principal euphoriant 

ingredient, tetrahydrocannabinol (THC), is the most prevalent illicit chemical and indeed the 

fourth most common recreational drug after caffeine, alcohol, and nicotine. No other medicine is 

consumed by smoking, a practice that is increasingly viewed as antisocial and the antithesis of 

health promotion. It is curious indeed that, despite its sinful and deleterious reputation, a 

torrential demand for marijuana as a therapeutic agent has developed. 

However, the present notoriety of marijuana obscures the fact that forms of cannabis have been 

employed as accepted, reputable drugs since ancient times. The illegality of cannabis during most 

of the twentieth century retarded research and development of modern products, both of a 

therapeutic nature and otherwise. In the last several decades, however, there have been great 

advances in the scientific understanding of how cannabis affects human physiology, and new 

products and tech- nologies intended for therapeutic use have appeared. Even countries that 

unambiguously state that there is no legitimate use of cannabis whatsoever have nevertheless 

authorized the use of certain cannabis-based medicines. Long considered a “pariah drug,” it is 

ironic that access to marijuana on the black market “allowed many thousands of patients to 

rediscover the apparent power of the drug to alleviate symptoms of some of the most cruel and 

refractory diseases known to human- kind” (Robson 2005). Throughout the Western World, 

jurisdictions are authorizing access to vari- ous forms of cannabis, despite the majority scientific 

viewpoint that evidence supporting usage as a therapeutic agent is inadequate for most 

applications and the prevalent fear that that the increasing popularity of medical marijuana is a 

dangerous experiment with possibly harmful consequences for at least a susceptible proportion of 

individuals as well as for society in general. This chapter outlines what is and isn’t known about 

medical marijuana, which is surely prerequisite to judge its utility and potential. 

 

 

 

 

 



 

 

HOW MEDICAL DOES MARIJUANA HAVE TO BE TO QUALIFY AS 
“MEDICAL MARIJUANA?” 

Perhaps the chief reason that medical marijuana is controversial rests in its dual capacities to be 

used or abused, both recreationally and medically. This is a frequent problem for psychotropic 

substances that produce temporarily desirable mental states—either euphoria or at least a dull-   

ing of pain. Consider the following curious distinction. Pharmacologically, an “elixir” is a sweet- 

ened, aromatic solution of alcohol and water containing medicinal substances. A “liqueur” is a 

sweetened aromatic solution of alcohol and water containing flavorants such as spices and herbs, 

which invariably have medicinal properties, so liqueurs effectively are elixirs. In fact, liqueurs such 

as Bénédictine have been employed both medicinally and recreationally. The point is that plant- 

based preparations almost invariably have the potential to be used either therapeutically or for 

other purposes (legitimate or not), so their characterization as medical or nonmedical is 

problematical, at least to a degree. 

 

 

  

 

  

 

 

 

 

 

 

In Chapter 18, concerning classification of Cannabis, the difficulties posed by “stereotypical 

thinking” are discussed. As pointed out in Chapter 18, stereotypical thinking is a rigid conceptual- 

ization of things as being of one nature and not another. Such inflexible thinking makes it difficult 

to view marijuana as having a dual nature, one of which is therapeutic. For many, conditioned by 

a century of vilification of marijuana as a dangerous narcotic, it is difficult to consider it only in the 

context of medicine. 

In theory, “medical marijuana” can include all of the forms of recreational marijuana presented in 

the preceding chapter. Similarly, all of the “drug paraphernalia” (illicit or not) described in the last 

chapter could be considered to be “medical devices” (admittedly a stretch in some cases). In 

practice, legislative requirements, safety concerns, and common sense dictate what preparations 

qualify as medical marijuana and what devices are legitimate for medical cannabis consumption. 

F I G U R E  1 3 . 1  T H E  C O N T R O V E R S Y  O V E R  M E D I CA L  M A R I J U A N A — A  U S E F U L  T H E R A P Y  O R  A  D A N G E R O U S  D R U G  O F  

A B U S E ?  P R E P A RE D  B Y  B .  B R O O K E S .  



 

 

The qualifica- tions of health professionals to prescribe, recommend, administer, or oversee 

medical marijuana are based on jurisdictional and professional association regulations, and these 

considerations ultimately determine who merits treatment with medical marijuana. As discussed 

in the next section, the medical legitimacy of a considerable proportion of the medical marijuana 

trade is debatable. 

Some authors use the phrase “medical marijuana” to refer just to herbal material; others include 

extracts as well as natural and synthetic cannabinoids. In this book, both “medical marijuana” and 

“medical cannabis” are employed to include all of the preceding. So-called “highless marijuana,” a 

seemingly oxymoronic phrase (“highless cannabis” would be preferable), is discussed later. 

 

MEDICAL MARIJUANA AS A PRETEXT FOR NONMEDICAL USE 

In certain jurisdictions, it is clear that recreational usage has been the principal motivation for 

advancing the cause of medical marijuana. For some, the ultimate goal is political, commercial,   

or philosophical, not therapeutic. Indeed, the same contention, that a valid usage for Cannabis 

sativa was a stalking horse or wedge for a hidden illegitimate agenda, was advanced (with some 

truth) during the reintroduction of industrial hemp in many countries. Unfortunately, the 

legitimate advancement of medical marijuana has, to some extent, been hijacked by those 

seeking to legalize recreational usage. In some U.S. states, “the process of getting a 

‘recommendation’ for medical marijuana is an open mockery” (Caulkins et al. 2012). At its worst, 

physicians with questionable ethics are providing prescriptions to “pretend patients” to be filled 

at “nonprofit” clinics motivated basically by financial gain (for additional discussion, see Chapter 

15). This subterfuge is amusingly reminiscent of how “medicinal alcohol” was sometimes 

deceptively prescribed (Figure 13.2) during the period of American alcohol prohibition. Similarly, 

grape concentrates called “grape bricks,” supposedly intended to prepare healthful fruit juice, 

were sold with the tongue-in-cheek warning: “Do not add to a jug of water and put in a dark place 

or it will ferment into wine.” The unfortunate hypocrisy associated with medical marijuana should 

not detract from objectively evaluating its appreciable therapeutic values 
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F I G U R E   1 3 . 2     A  U . S .  G O V E R N M E N T  M E D I CI N A L  A L CO H O L F O R M  ( P U B LI C  D O M A I N )  F R O M  T H E  1 9 2 0 S ,  U S E D  

D U R I N G      T H E  A M E R I CA N  P R O H I B I T I O N  T O  A CQ U I R E  P R E S CR I P T I O N  A L CO H O L ,  U S U A LLY  W H I S K E Y ,  O S T E N S I B LY  

F O R  S T R I C T LY  M E D I C I N A L  P U R P O S E S .  



 

 

A BRIEF HISTORY OF MEDICAL USAGE OF CANNABIS 

Many herbs were employed in past times for medical purposes, and in retrospect, it is obvious  

that, sometimes, the “potions” and “concoctions” employed were useless, even harmful. Often, 

however, crude herbs were genuinely effective because they contained medicinal ingredients. As 

documented in this chapter, C. sativa certainly contains medicinal compounds. Modern medicine 

tends to dismiss past “primitive” and “folk” medicinal practices, but this disrespectful view often 

obscures insightful knowledge that still has potential value for adopting or finding better thera- 

pies. Indeed, the careful interpretation of past medical usage of herbs is an important 

contribution toward improving medicine in the future. In the case of C. sativa, there are numerous 

reviews      of the ancient history of cannabis for therapeutic purposes, notably, Merlin (1972), 

Abel (1980), Mechoulam (1986), Aldrich (1997), Gurley et al. (1998), Fankhauser (2002), Russo 

(2004a, 2007, 2014), and several articles in Russo and Grotenhermen (2006). 

It is very difficult to identify the earliest written reference to therapeutic use of C. sativa, and 

often, in ancient times, medicinal usage merges with ritualistic, spiritual, or religious practices. As 

most modern historians appreciate, early history in general is often poorly documented, very dif- 

ficult to interpret, and subject to the imaginations of both the ancients who recorded information 

and modern interpreters. Nevertheless, it is clear that cannabis was employed in major civiliza- 

tions of the ancient world, including Assyria, Egypt, India, Greece, Rome, and the Islamic empire. 

Certainly, cannabis has a very long and extensive folklore associated with it, as well as many 

enthu- siastic interpreters of that history. The phrase “medical marijuana” has exploded in 

popularity in recent decades, but in fact, cannabis has been used for medical purposes throughout 

most of the world, in the majority of human cultures, for most of recorded history. 

Cannabis has been applied medicinally in folk medicine since antiquity in Asia. For several 

thousand years, it was employed to treat a wide variety of illnesses, particularly in traditional 

herbal medicine of China, Ayurvedic medicine of India, and Tibetan medicine. Analgesic use is 

implied from Chinese oral tradition allegedly dating to 2700 BC (Li 1973; Figure 13.3, left), and 

East Indian documents in the Atharva Veda dated at about 2000 BC (Gurley et al. 1998). The 

Egyptian Ebers Papyrus (Figure 13.3, right) described a plant called shemshemet, often 

interpreted as C. sativa because of allusions to its fiber and medicinal uses, although the accuracy 

of this is uncertain (Abel 1980; Wills 1998). 

Assyria was a major Near East kingdom and empire from about 1250 BC to 612 BC. Assyrians 

employed cannabis as a psychoactive mind-altering drug as well as for medical purposes 

(Mechoulam and Parker 2013a). As C. sativa was spread through the Middle East and Africa over 

the last two millennia, medicinal usages were adopted, particularly in the Mohammedan world, 

especially in Persia and Arabia. Indeed, the word “hashish” is Arabian in origin. However, intoxica- 

tion is strongly discouraged in Islam, and over the centuries, this resulted in periods of 

suppressing the use of cannabis (Nahas 1982). Zlas et al. (1993) recorded an interesting medical 

usage based  on the skeleton of a girl about 14 years of age found in a fourth century gravesite 

near Jerusalem. She had apparently died in childbirth, unable to expel a full-term fetus, the 

skeleton of which was present in her mother’s pelvis.  



 

 

Ashes in the tomb were found to have cannabinoids, suggesting that cannabis had been burned to 

produce vapors to promote uterine contraction and reduce labor pains, properties long attributed 

to the plant. 

With the transfer of African slaves to South America in the seventeenth and eighteenth centuries, 

traditional medical (as well as recreational) usages were imported to the continent, particularly to 

Brazil. The same cultural diffusion seems to have occurred when African slaves were transferred 

to the Caribbean area. In the West Indies, where cannabis is used extensively, it may have been 

introduced by workers from India and elsewhere in Asia during the mid-1800s (Rubin and Comitas 

1975; Wills 1998). 

 

 

 

  

 

 

 

F I G U R E  1 3 . 3  A L LE G E D  E A R L I E S T  E X P O N E N T S  O F  T H E  M E D I CA L  U S E  O F  CA N N A B I S .  LE F T :  T H E  LE G E N D A R Y  S H E N  

N U N G ,  CH I N E S E  D E I T Y  O F  M E D I C I N E ,  P H A R M A C Y  A N D  A G R I CU LT U R E ,  A N D  C H I N A ’ S  M Y T H I CA L  S E C O N D  E M P E R O R  

( P R E S U M AB LY  CA .  3 5 0 0 – 2 6 0 0  B C) .  A  P H A R M A C O P O E I A  ( M E D I CA L  T E X T  S Y S T E M A T I CA LLY  P R O V I D I N G  

I N F O R M A T I O N  O N  CU R A T I V E  P R E -  S CR I P T I O N S )  A T T R I B U T E D  T O  H I M ,  W H I CH  A P P A R E N T LY  M E N T I O N S  T H E  

T H E R A P E U T I C  U S E  O F  C A N N A B I S ,  I S  A B O U T  5 0 0 0  Y E A R S  O LD .  T H I S  I L LU S T R A T I O N  I S  C O P I E D  F R O M  A N  O LD  

P A I N T I N G .  T H E  G O D  I S  S E A T E D  A T  T H E  M O U T H  O F  A  CA V E ,  D R E S S E D  I N  H I S  T R A D I T I O N A L  G A R B  M A D E  F R O M  

LE A V E S ,  H O LD I N G  I N  H I S  R I G H T  H A N D  A  B R A N CH  W I T H  LE A V E S  A N D  B E R R I E S ,  T H E  V I R T U E S  O F  W H I CH  H E  H A S  

B E E N  D E M O N S T R A T I N G .  I M A G E  F R O M  W E LL CO M E  I M A G E S / W E LLC O M E  T R U S T  ( CC  B Y  4 . 0 ) .  R I G H T :  T H E  E B E R S  

P A P Y R U S ,  A  M E D I CA L  T R E A T I S E  F R O M  A N CI E N T  E G Y P T ,  D A T E D  A T  1 5 5 0  B C  B U T  CO N T A I N I N G  M A T E R I A L  F R O M  5  

T O    2 0  CE N T U R I E S  E A R L I E R .  P A S S A G E S  I N  T H E  D O CU M E N T  A P P E A R  T O  I N D I CA T E  V E R Y  E A R LY  M E D I CA L  U S E  O F  C .  

S A T I V A .  P H O T O  B Y  E I N S A M E R  S CH Ü T Z E  ( CC  B Y  3 . 0 ) .  



 

 

Medicinal usage of cannabis in prehistoric Europe was very limited in ancient times (Zuardi 2006). 

Scythian invaders are suspected of bringing some medicinal knowledge of cannabis from the 

Middle East to Europe more than two millennia ago (see the historical account in Chapter 12). 

Cannabis was employed medicinally in ancient Greece and Rome, as recorded in the Herbal of 

Dioscorides (ca. 40–90 AD; Greek physician, pharmacologist and  botanist whose five-volume De 

Materia Medica was widely respected for 1500 years) and the records of Galen (129–ca. AD 200 to 

216; Greek physician, surgeon and philosopher; prominent authority in the Roman empire who 

influenced Western medicine until the nineteenth century).  

For the first millennium in Europe, there was limited medicinal usage of cannabis, and while, 

subsequently, C. sativa was employed in various remedies, it appears that the species was grown 

almost exclusively for fiber hemp. Asian medicinal usage of high-THC cannabis was mostly ignored 

in Europe until the nineteenth century. The French psychiatrist Jacques-Joseph Moreau (1804–

1884; Figure 13.4, right), nicknamed “Moreau de Tours,” observed the effect of hashish during his 

North African travels in the 1830s. He theorized that it produced psychosis and might be useful in 

treating mental illness (Zuardi 2006). Moreau’s activities stimulated the “Club des Hashischins” of 

Paris (described in the previ- ous chapter) to flourish in the 1850s, using hashish as a route to 

“esthetic self-realization” (Kalant 2001). Cannabis was seriously introduced into Western medicine 

in the first half of the nineteenth century, notably through William B. O’Shaughnessy (1809–1889; 

Figure 13.4, left). An Irish physi- cian working for the British Crown in Calcutta in the 1830s, he 

recommended cannabis for pain, sedation, inflammation, vomiting, convulsions, and spasticity, 

remarkably reminiscent of several of the conditions currently being treated with marijuana.  

As a result of O’Shaughnessy’s enthusiasm, extracts of cannabis were adopted into the American 

pharmacopoeia (official publications listing medicinal drugs, their effects, and their uses) and the 

British equivalent. The U.S. Pharmacopoeia listed cannabis from 1850 to 1942, available for such 

conditions as labor pain, nausea, and rheuma- tism (indeed, foreshadowing modern usage for 

alleviation of pain and spasticity). Cannabis prepa- rations were listed in the British 

Pharmaceutical Codex of 1949. It was possible to order cannabis tinctures from Sears Roebuck 

catalogues of the 1900s. Cannabis drug preparations were exten- sively used in the West between 

the middle of the nineteenth century and World War II, particularly as a substitute for opiates and 

as antispasmodic, analgesic, hypnotic (sleep-inducing), and seda- tive agents (Mikuriya 1969). 

Cannabis was used to treat a very wide range of ailments, including insomnia, headaches, 

anorexia, sexual dysfunction, whooping cough, and asthma. Orally adminis- tered tinctures, 

especially alcoholic, were particularly popular, with hundreds of brands in circula- tion 

(Fankhauser 2002; antiquecannabisbook.com; Figure 13.5). 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

  

 

 

 

F I G U R E  1 3 . 4  P H Y S I C I A N S  W H O  P I O N E E R E D  I N  T H E  U S E  O F  CA N N A B I S  I N  W E S T E R N  M E D I CI N E .  LE F T :  W I LL I A M  B .  

O ’ S H A U G H N E S S Y .  O ’ S H A U G H N E S S Y  P O P U LA R I Z E D  M E D I CA L  CA N N A B I S  I N  G R E A T  B R I T A I N  A N D  W A S  K N I G H T E D  

F O R  H I S  CO N -  T R I B U T I O N S  B Y  Q U E E N  V I C T O R I A .  R I G H T :  J A CQ U E S - J O S E P H  M O R E A U .  M O R E A U  P R O M O T E D  

E X A M I N A T I O N  O F  T H E  P S Y CH I A T -  R I C  E F F E CT S  O F  CA N N A B I S ,  B U T  B Y  A CQ U A I N T I N G  F R A N CE  W I T H  H A S H I S H ,  H E  

A LS O  S T I M U LA T E D  I T S  R E CR E A T I O N A L  U S E .  P U B L I C  D O M A I N  I L LU S T R A T I O N S .  



 

 

 

  

 

 

Following the Second World War, medical use declined because of several developments: qual- ity 

limitations of available cannabis (such as variable potency, poor storage, and erratic absorption of 

fluid products); the introduction of new medications, including vaccines and alternative pain 

relievers; the development of hypodermic syringes allowing the injectable use of morphine; the 

use of synthetic analgesics and sedatives; and the progressive criminalization of cannabis. After 

the Second World War and until the end of the twentieth century, there was very limited 

authorized medical use, and the plant and its medicinal preparations fell into disgrace. 

Nevertheless, toward the end of the twentieth century, there was considerable unauthorized 

dispensing of marijuana to gravely ill people by so-called “compassion clubs” (Feldman and 

Mandel 1998), in addition to widespread self-medication using illegal street marijuana.  

F I G U R E  1 3 . 5  N I N E T E E N T H  CE N T U R Y  M E D I CI N A L  CA N N A B I S  B O T T LE S  D I S P LA Y E D  I N  T H E  H A S H ,  M A R I J U A N A  &  H E M P  

M U S E U M  I N  A M S T E R D A M .  PH O T O  B Y  D I D I E R  LE  G E R  ( CC  B Y  S A  3 . 0 ) .  



 

 

In 1996, voters approved Proposition 215, making California the first American state to legalize 

the medicinal use of cannabis. In 2001, Canada became the first country in the world to adopt a 

federal system regulating the use of herbal marijuana for “medicinal purposes” (Fisher and 

Johnston 2002). 

Currently, cannabis is frequently prescribed as a complementary or adjunct medicine, not a pri- 

mary or initial treatment for serious conditions. This, however, represents a great change over the 

virtual ban on medicinal usage several decades ago. Thousands of researchers have recently 

under- taken medical research on cannabis, and as explained in this chapter, the prospects for 

greatly increased medical usage are very promising. 

 

 

NONCANNABINOID MEDICINAL COMPONENTS 

While this chapter deals mainly with the medicinal significance of the cannabinoids of Cannabis, it 

may be noted that other constituents of the plant have medical importance. As noted in Chapter 

8, the fixed oil of Cannabis (hempseed oil) is highly nutritional, sometimes serving as therapeutic 

nutritional supplements (particularly for cardioprotection by preventing platelet aggregation) and 

also as topical preparations for the treatment of skin conditions (especially for improving atopic 

dermatitis). 

The noncannabinoid components in marijuana may also contribute significantly to potential 

therapeutic effects, and so any consideration of medicinal marijuana and of THC delivery systems 

needs to take this into consideration. As noted in Chapter 9, the essential oil of Cannabis may 

have some therapeutic potential. Potentiating interactions of the cannabinoids and various 

terpenes, as well as the 20 or so flavonoids that are present, have been hypothesized to modify 

synergisti- cally the psychological and physiological effects of cannabis drugs (McPartland and 

Pruitt 1997, 1999; Clarke 1998c; McPartland 2001; McPartland and Mediavilla 2002; Russo 

2011a). McPartland and Russo (2001) concluded, “Good evidence shows that secondary 

compounds in cannabis may enhance the beneficial effects of THC. Other cannabinoid and non-

cannabinoid compounds in herbal cannabis or its extracts may reduce THC-induced anxiety, 

cholinergic deficits [affecting key components of the nervous system], and immunosuppression. 

Cannabis terpenoids and flavonoids may also increase cerebral blood flow, enhance cortical 

activity, kill respiratory pathogens, and provide anti-inflammatory activity.” The phrase 

“entourage effect,” first proposed by Ben-Shabat et al. (1998) and Mechoulam and Ben-Shabat 

(1999), refers to the collective physiological interac- tion of chemicals that naturally occur with 

endocannabinoids and modify their effects, normally in a beneficial manner, and it is clear that 

similarly, there are beneficial therapeutic effects from inter- actions among components of 

medical marijuana. However, Fischedick et al. (2010) indicated that aside from the established 

interaction of THC and cannabidiol (CBD), it is premature to draw hard conclusions about 

therapeutic drug effects among the cannabinoids and other compounds. 

 



 

 

BIAS IN RESEARCH ON MEDICAL MARIJUANA 

The medicinal efficacy of cannabis is extremely controversial and regrettably is often confounded 

with the issue of balancing harm and liberty concerning the proscriptions against recreational use 

of marijuana. There is a tidal wave of anecdotal reports and testimonials from people convinced, 

on the one hand, that marijuana has uniquely relieved their medical conditions, or on the other, 

that it led to their physical and mental degeneration. Scientists, physicians, academics, the legal 

and law enforcement professions, politicians, and the general public are all divided on the merits 

and misuses of medicinal marijuana. U.S. Senator Daniel Patrick Moynihan (1927–2003) famously 

said, “Everyone is entitled to his own opinion, but not his own facts.” In fact, the facts about medi- 

cal marijuana are not yet entirely clear, and bias against it has prevented the search for truth 

more dramatically than almost any other topic of interest to society. 

Only studies intended to demonstrate negative effects of marijuana consumption have been per- 

mitted until recently, and research funding has been predicated on documenting the harmfulness 

of marijuana. Consistent with this research straitjacket, most scientists working on cannabis until 

recently have provided evidence in publications that it is harmful, often writing with a condemna- 

tory enthusiasm that belies neutrality. Such departure from objectivity is often revealed in the 

man- datory “introduction” to scientific papers, where authors who have become hostile to 

cannabis will refer to its “abuse” rather than its “use.” 

It is important to acknowledge that bias with regard to cannabis may involve excessive support as 

well as excessive opposition. There is a tendency for scientists working on a subject to develop 

respect, even fondness for it, but when they become involved in financial investments, it is all too 

easy to cross an ethical line. As is well known, some academic physicians funded by the pharma- 

ceutical industry have engaged in questionable exaggeration on behalf of their patrons, including 

misrepresentation, selective presentation of facts, and “ghost authorship” of publications actually 

prepared by corporate employees. McPartland (2009) analyzed publications concerned with the 

cannabinoid-based antiobesity drug rimonabant (discussed later) and found examples of (1) exag- 

geration of its efficacy and safety, (2) lack of criticism, (3) “disease mongering” (exaggerating the 

frequency and seriousness of an illness to expand the market for its treatment), and (4) failure to 

disclose sponsoring financial support. 

The saying “money corrupts” is applied to many of the institutions of society, and unfortunately, it 

also applies to science, as noted in the previous paragraph. Very few scientists currently are self- 

financed or are supported by employers or granting agencies that are completely free of 

preferences regarding expected discoveries and conclusions. Virtually every scientist is 

constrained by finances, almost always severely, and when a particular subject is contentious, 

significant pressure by man- agement or other controllers of resources is common. When an 

adversarial relationship develops between scientists and the sources of their funding, the latter 

almost always prevail. 

Although scientists are rarely completely free to conduct science, fortunately, there is an almost 

universal understanding that scientific truth ultimately is advantageous for almost everyone. 

Science is indeed a search for truth, and scientists employ rigorous experimental designs and 

objective sta- tistical tests to evaluate the merits of what they are investigating.  



 

 

So how could bias alter the truth- fulness of their results? First, “It is a natural tendency of most 

researchers to overstate the strength of their own research in relation to their favorite causal 

hypotheses; this near-universal phenomenon among researchers is referred to generally as ‘wish 

bias’” (Macleod and Hickman 2010; cf. Wynder et al. 1990). Basically, it amounts to making a 

mountain out of a molehill. Second, scientists are human, and indeed often blind to their frailties, 

and with the best of intentions, observations and analyses can be faulty. And third, it is all too 

easy to inflate the significance of one set of findings while downplaying contrary results—so those 

who were already convinced that marijuana is bad may tend to exaggerate its harm while those 

who were already convinced that marijuana is good may do the opposite. 

The objectivity of scientific evaluation of the medicinal value of marijuana to date has indeed 

been questioned. Up until about the start of the twenty-first century, it was extremely difficult to 

undertake cannabis medical research. In the words of Hirst et al. (1998): “The…status of cannabis 

has made modern clinical research almost impossible. This is primarily because of the legal, ethi- 

cal and bureaucratic difficulties in conducting trials with patients. Additionally, the general 

attitude towards cannabis, in which it is seen only as a drug of abuse and addiction, has not 

helped.” 

The respected journal Nature (2001) stated: “Governments, including the U.S. federal govern- 

ment, have until recently refused to sanction the medical use of marijuana, and have also done 

what they can to prevent its clinical testing. They have defended their inaction by claiming that 

either step would signal to the public a softening of the so-called ‘war on drugs’…  The 

pharmacology   of cannabinoids is a valid field of scientific investigation. Pharmacologists have the 

tools and the methodologies to realize its considerable potential, provided the political climate 

permits them to do so.” The ferocity of opposition to medical marijuana by the U.S. and other 

governments is indi- cated by numerous official documents (e.g., U.S. House of Representatives 

2005; Drug Enforcement Administration 2011). This has led to a climate of fear in which it is 

difficult to conduct research that could contradict the politically sanctioned position. To this day, 

passionate advocacy for and against marijuana is hampering evaluation of medical benefit/risk 

evaluation. 

Experimental design and statistical methods for controlling bias are available (Centre for Reviews 

and Dissemination 2009; Higgins and Green 2011; Higgins et al. 2011) but are infrequently 

employed in cannabis studies (Whiting et al. 2015). 

 

BIAS AGAINST EUPHORIC MEDICINES 

The psychopharmacological profession is enthusiastic about, one might even say addicted to, pre- 

scription psychotropics (mood, perception, and behavior enhancers and stabilizers). 

Antidepressants, tranquillizers, antipsychotics, stimulants, and other psychiatric drugs often seem 

to be overpre- scribed, particularly for the young (Sinclair 2012), the old (Hilmer and Gnjidic 2013), 

and women (Ettorre and Riska 1995). The issue is highly polarized, with camps for and against the 

position that there is overprescription, and indeed such disagreement serves to indicate how hard 

it is to decide on the pros and cons of mind-modifying drugs like marijuana.  



 

 

Regardless, the general goal of medici- nal psychotropics is to make patients feel good—but not 

too good. 

It is curious that while a chief purpose of medicine is the immediate relief of pain, the opposite of 

pain, pleasure, is rarely identified as a direct medical goal, and indeed, euphoria is frequently 

high- lighted as an undesirable side effect of medication. This is particularly true for marijuana. 

One of the objectives of the search for synthetic versions of THC was to find compounds that 

would deliver the medical benefits without the “high.” However, as pointed out by Cristino and Di 

Marzo (2014), “the euphoric effects of cannabinoids are not always an obstacle to their effective 

administration. Mood elevation… may be an important component of its effectiveness in patients 

with cancer or AIDS.” 

Notcutt (2004) commented with regard to medical cannabis: “there are many health profession- 

als who perceive that a mild psychoactive effect from the drug is somehow wrong. This only 

seems to be of concern to those who do not treat patients in pain or distress… Elevating the mood 

of a patient whose life is miserable because of chronic, untreatable pain would seem to be a 

worthwhile goal. There is also a desire by some to find a form of cannabis that is stripped of 

psychoactive effects, but this goes against the experience with morphine. Any drug that has 

multiple sites of action within the central nervous system is unlikely to be obtained in a form that 

does not affect consciousness, mood or cognition in some way. No one has achieved this with 

opiates after a cen- tury of research.” 

 

The Issue of Addiction 

Western medicine almost universally frowns on the use of medicinals to produce euphoria for fear 

that patients will become addicted to them. The basis for this is that “it is now well accepted that 

abusable drugs derive their addictive potential from activating the core pleasure/reward circuitry 

of the brain” (Gardner 2014). A common-sense exception is made for those who are terminally ill 

or at least suffering from extremely grave or debilitating conditions. The psychological and 

physical hor- rors of those addicted to narcotics are a popular theme in literature, and it is clear 

that for many indi- viduals addiction is serious, even deadly. However, some patients complain 

that caregivers refuse to provide adequate amounts of painkillers because of fear that addiction 

(and possibly lawsuits or professional censure) will result. “The reason that patients with chronic 

pain are not given opiates when indicated is…the intolerance in our society to any ongoing use of 

opiates in non-terminal patients. This has been described as ‘opiophobia’ and is a major medical 

problem” (Trachtenberg 1994; the similar word “ophiophobia” refers to fear of snakes). It is 

important to distinguish the use of psychotropics in a medical setting from the abuse in a 

nonmedical context and to weigh the pos- sibility of addiction in relation to the individual 

characteristics and context of patients. In the case of cannabis, as pointed out in Chapter 12, 

perhaps 9% of recreational users become addicted, but the health consequences pale in 

seriousness compared to the opiates. 

 



 

 

The Issue of Incapacitation (Reduction in Abilities) While 
Intoxicated 

Western medicine is reluctant to employ pharmaceuticals that produce euphoria as a side effect 

because in this state patients cannot function as well as healthy individuals.  An exception  is 

made for those who are suffering chronic, incurable, extremely miserable, or debilitating condi- 

tions such as often associated with acquired immunodeficiency syndrome (AIDS) and cancer.    As 

pointed out by Fitzcharles et al. (2014):  “The overriding principle for any pain treatment is     to 

maintain function, without sacrificing cognitive or psychomotor function, a concept clearly 

different from pain management for medical conditions predominantly requiring palliation.” It   is 

a remarkable fact that some powerful potentially incapacitating drugs of abuse can be used 

regularly and responsibly. Cocaine is a very serious addictive drug problem in North America, but 

coca leaf is responsibly employed as a stimulant in much of South America in the same way as 

coffee and tea are used (Small 2004). Alcohol is not employed as a medicine (although alco- holic 

beverages sometimes have health benefits), but the fact that many can drink responsibly  also 

illustrates that some potentially harmful substances can be consumed appropriately by a 

substantial proportion of society. This is not to ignore the dangers of adding marijuana to the list 

of potentially dangerous substances that are permitted, but to point out that compromise rather 

than outright veto is possible. 

 

Transfer of Bias against THC to Non-intoxicating Cannabinoids 

THC is the predominant psychotropic cannabinoid of C. sativa and, were it not present, marijuana 

would not be intoxicating and all the legal problems associated with the plant and its preparations 

would not exist. Most cannabinoids are not intoxicating, so why not free the “innocent” cannabi- 

noids from legal constraints? There are some reasons for retaining laws  against cannabinoids (as  

is the case in many jurisdictions)—for example, they can be chemically converted to intoxicants 

(the conversion of CBD to THC was examined in Chapter 11), and some synthetic cannabinoids are 

quite dangerous. Nevertheless, for practical purposes, nonintoxicating cannabinoids from the 

plant could be sold as conventional pharmaceuticals or over-the-counter preparations (often 

classified as “herbals” or “supplements”). The stigma that THC bears because it is intoxicating has 

unfortunately been transferred to the essentially harmless cannabinoids. As described later, CBD 

is the most promising medicinal cannabinoid, with astonishing potential for therapeutic 

applications, and it is important for society to relieve this remarkable compound from the burdens 

of its more hazardous sibling, THC. 

 

 



 

 

THE IMPORTANCE OF EXPERIMENTAL DESIGN IN EVALUATING 
MEDICAL MARIJUANA 

Most public knowledge of cannabis, and indeed most literature about it, is based on anecdotal 

evidence—i.e., accumulated random observations and conclusions. Most of what people have 

learned and come to believe is in fact based on repeated observations, and useful “experience”   

is the result of recurrently observing the dependability of phenomena. But the fact that people 

disagree on many “facts” demonstrates that humans are often mistaken. Since there is so much 

disagreement about the merits of medical marijuana, it follows that scientific (statistical) evalu- 

ation, including appropriate scientific experimental design, is indispensable to evaluate the pros 

and cons of medical marijuana. Perhaps the chief biasing factor that needs to be controlled is 

expectation, as epitomized by the placebo effect (if you think something is effective, even if it 

isn’t, there is probability it will seem useful). Particularly with respect to evaluation of drugs, prior 

belief about whether they will be effective or not has a powerful biasing effect (Peck and Coleman 

1991;  Kirk et  al. 1998;  Quitkin 1999).  The placebo effect in cannabinoid research   is as high as 

70% (Consroe et al. 1991). To validly evaluate the merits of marijuana, rigorous placebo-

controlled, double-blind studies (both the investigators and the subjects unaware of who is 

receiving the drug or a placebo) with adequately large samples for statistical evaluation are 

essential (Wright et al. 2012). Without blinding, in some experiments over 75% of participants in 

studies can be aware of whether they have received the drug or the placebo (Grant et al. 2012). 

Appropriately designed studies of cannabis are not yet sufficient to evaluate the usefulness of 

marijuana for many medical conditions, although unqualified claims like “marijuana cures can- 

cer” are common. 

 

THE PRECAUTIONARY PRINCIPLE IN RELATION TO MEDICAL 
MARIJUANA 

The “precautionary principle” is a conservative approach, when a decisive majority view does not 

prevail concerning conflicting evidence on the opposite sides of a publically prominent issue in 

which there is plausible (perhaps uncorrectable) risk to human welfare or to some other critically 

important situation. The precautionary principle came to prominence in 1972 at the United 

Nations Conference on the Environment (in Stockholm), in regard to serious or irreversible harm 

to ecosys- tems. In essence, the so-called “principle” advocates inaction or maintenance of the 

status quo, in fear of extensive, catastrophic harm (“it’s better to be safe than sorry”; “err on the 

side of caution”), but is often accompanied with a recommendation that additional evidence 

should be sought before an action is considered further. 

The precautionary principle is a reaction to the common view that an activity is innocent until it is 

proven guilty, a regulatory viewpoint that is decidedly dangerous to public health. In the health 

sphere, the practice of medicine is conducted with exceptional caution, and most clinicians are 

very reluctant to adopt new treatments without quite convincing evidence. This is consistent with 

a fundamental precept of bioethics, captured in the phrase “First do no harm” (the Latin Primum 

non nocere or Primum nil nocere; popularly misconceived as part of the Hippocratic Oath). 



 

 

As documented in this chapter, while there are many potential medical applications of cannabis, 

the medical community is divided on the merit of the majority of possible usages. This disagree- 

ment, in the perspective of the precautionary principle, has been employed as an argument 

against the use of medical marijuana. As pointed out in Chapter 15, in regard to the authorization 

of recre- ational marijuana, the precautionary principle is one of several relevant considerations. 

Moreover, as also examined in Chapter 15, since the issue of medical marijuana in some 

jurisdictions has been taken out of the hands of the medical profession and put to public vote, the 

precautionary principle is a critical factor for public health. 

However, the precautionary principle must not be allowed to block medical progress and the 

availability of effective treatments with cannabis. Medical therapy is frequently and necessarily    

a question of balance of risk and benefit, and a literal interpretation of the precautionary principle 

could prevent treatment merely because there is risk. The practice of medicine is already very 

highly regulated, with appropriate professional evaluation of risk, and medical marijuana should 

be judged on the same basis as are all other developing therapies. 

 

 

RECENT AUTHORIZED MEDICAL MARIJUANA PRODUCTION AND 
USAGE 

In most countries, cannabis usage for medical purposes has remained prohibited. However, dur- 

ing the last several decades, there has been a momentous societal and scientific debate regarding 

the wisdom of employing cannabis drugs medically. This has led to experimental production and 

medical evaluation in many Western countries. Several European and Commonwealth countries 

and many states of the United States currently allow medical dispensation of marijuana, while 

Uruguay and several U.S. states recently have even permitted the sale of marijuana for 

recreational use by licensed vendors. The fact that some governments have authorized medicinal 

use does not necessarily indicate acceptance of its value but often reflects a desire for effort at 

medical evalua- tion, compassion for those who haven’t found a better alternative, court 

decisions that have limited legislation, or simply political expediency. 

In the United States, the National Institutes of Health (NIH) has a long-standing program of 

research into medicinal marijuana and for a period supplied a handful of patients with medicinal 

marijuana for treatment. In the early part of the twenty-first century, governmental authorities in 

the United States consistently rejected the authorization of marijuana for medical use 

(Anonymous 2006). The American Drug Enforcement Administration has been hostile to the 

medicinal use of Cannabis (Drug Enforcement Administration 2013), and for decades research on 

medicinal prop- erties of Cannabis in the United States was in an extremely inhospitable climate, 

except for proj- ects and researchers concerned with curbing drug abuse. Essentially, the only 

standard research marijuana for experimentation in the United States had to be obtained from 

the NIH marijuana farm at the University of Mississippi, and few were allowed to obtain research 

material.  



 

 

However, in 2014, a very large increase in the number of medical research projects in the United 

States was authorized, reflecting the belated recognition of the desirability of examining the 

safety and effi- cacy of medical marijuana. 

 

PHARMACOLOGICAL TERMINOLOGY FOR MARIJUANA 

People smoke cannabis because it pleasurably alters consciousness, producing euphoria and relax- 

ation and intensifying ordinary sensory experiences. It also alters perception—for example of 

time—and can promote sociability, stimulating laughter and talkativeness. These manifestations 

are common to many social inebriants, but cannabis is fairly unique and is difficult to characterize. 

Moreover, individual response can differ considerably. For example, some people claim that mari- 

juana increases creativity, others that it just makes them sleepy (note the discussion presented 

later that different kinds of marijuana may produce different effects). 

The word “narcotic,” often used to describe the psychological effects associated with marijuana, 

has been extensively and ambiguously employed in lay, legal, and scientific circles. The term is 

most widely used as an arbitrary juridical category—a narcotic is simply a substance or 

preparation that is associated with severe penalties because of real or alleged dangerous, 

addictive properties. “Legally, cannabis has traditionally been classified with the opiate narcotics, 

and while they may share some euphorogenic and analgesic properties, they are otherwise quite 

distinct pharmacologi- cally” (Le Dain 1972). Etymologically, based on “narcosis,” a narcotic would 

be expected to be a substance promoting sleep, and indeed, some use the term to characterize 

any drug that produces sleep, stupor, or insensibility. Both THC and CBD, at least one of which 

dominates the cannabi- noids of most biotypes of C. sativa, have sleep-inducing properties at 

some dosage, albeit CBD is stimulative at low and moderate dosages (Piomelli and Russo 2016) 

and is sedative only at quite elevated doses (Carlini and Cunha 1981; Pickens 1981). Moreover, 

the terpene myrcene is common in C. sativa (especially in marijuana strains with appreciable CBD) 

and is sedative (Russo 2011a). Accordingly, the soporific property of cannabis provides some 

limited justification for referring to it as a narcotic, although it is by no means best known for its 

sedative properties. Nevertheless, the term “narcotic” is better known as characterizing an 

intoxicant than a sedative. Because “narcotic” is often used pejoratively, it is probably best 

avoided as descriptive of pharmacological effects. Although substances called narcotics are widely 

viewed as intrinsically evil, the world’s leading controlled so-called narcotic crops have some 

legitimate, useful applications (Small 2004; Small and Catling 2009). 

The pharmacological classification of cannabis is controversial. It has been characterized as a 

sedative-hypnotic-general-anesthetic like alcohol and nitrous oxide; a mixed stimulant-

depressant; a mild hallucinogen, especially at higher doses; a “psychedelic,” like LSD at very high 

doses;   and as a separate category of psychic experience (Le Dain 1972). The following terms have 

been used to describe cannabis: psychedelic (mind-manifesting or consciousness-expanding), 

halluci- nogenic (hallucination-producing), psychotomimetic (psychosis-imitating), illusinogenic 

(illusion- producing), and psychodysleptic (mind-disrupting); as noted in Le Dain (1972, p. 396), all 

of these terms are problematical. None of the terms is completely satisfactory to denote the 

euphoric psycho- logical effects of marijuana in general and THC in particular. 



 

 

There is little dispute that cannabis is a “psychoactive” drug (one altering sensation, mood, con- 

sciousness, or other psychological or behavioral functions). However, “psychoactive” is so broad it 

applies to a very wide variety of psychological states. Clearly, marijuana is popular (albeit largely 

illegal), employed primarily as a social inebriant and euphoriant. “Psychotropic,” meaning mind- 

altering, is also widely used, but both “intoxicant” and “nonintoxicant” types of Cannabis can 

influ- ence the mind by virtue of the properties of THC and CBD. “Hallucinogenic” is less 

appropriate since true hallucinogens are rarely produced. Psychotomimetic (mood-altering) is 

perhaps the most appropriate pharmacological term but is hardly definitive since it could be 

applied to numerous substances, including chocolate and caffeinated beverages. Although not a 

technical phrase, “mood enhancer” is sometimes applied to marijuana. 

  

 

COMPARATIVE THERAPEUTIC VALUE OF PURE CHEMICALS AND 
HERBAL MIXTURES 

An important issue in the therapeutic use of medicinal substances is the relative wisdom of 

employ- ing pure chemicals and herbal mixtures. The former have been described as 

“monomolecular bul- lets” (implying that they can be directed precisely to targeted symptoms or 

their underlying causes), while the latter have been characterized as “polymolecular shotgun 

shells” (implying that they cannot be directly targeted and may inadvertently cause damage). 

“Pharmacognosy” used to be defined as the study of crude drugs. “Crude drugs” refers to 

materials obtained from natural sources, including plants, animals, and minerals. In practice, 

crude drugs originate mostly from plants and are “unrefined” beyond being dried and ground up. 

Crude drugs from plants represent a complex mixture of chemicals that they have produced. 

Today, the word “pharmacognosy” has been expanded to include all drugs from natural sources, 

including purified extracted molecules. The more inclusive word “pharmacology” refers to the 

study of all drugs. Human therapeutic use of unre- fined plant materials is the foundation of all 

medicine, and remains the basis of most healing practiced in the world because crude plant drugs 

are far cheaper and easier to obtain than modern pharmaceuticals, and so are widely employed in 

the Third World. The most extensively utilized herbal medicine is Asian ginseng (the root of Panax 

quinquefolius L.), consumed by hundreds of millions, despite the fact that its medicinal value has 

been almost as contentious as that of marijuana (Small 2006). In the rich, tech- nologically 

advanced Western World, most medicines are pure chemicals—single molecules extracted from 

species or synthesized. Marijuana is a crude drug (although purified extracts are not), and as 

noted in the following, this is the basis of much criticism of its value. 

In the phrase “crude drug,” the word “crude” simply means “in a natural or raw state, or not 

processed or refined.” However, the word “crude” also means “marked by the primitive, gross, or 

elemental or by uncultivated simplicity or vulgarity.” It is possible that the disfavor for crude drugs 

today is subconsciously being influenced by the latter, pejorative meaning. The fact is, crude plant 

materials in the form of vegetables and fruits are the mainstay of most human health. 

 



 

 

In the prestigious report Marijuana and Medicine: Assessing the Science Base (Joy et al. 1999), the 

following statement is presented: “Defined substances, such as purified cannabinoid compounds, 

are preferable to plant products, which are of variable and uncertain composition. Use of defined 

cannabinoids permits a more precise evaluation of their effects, whether in combination or 

alone.” Modern medicine has been said to prefer single-component “silver bullets” rather than 

multicompo- nent “herbal shotguns” (Spelman 2009). Kalant (2001) noted: “The history of drug 

therapy has been to a large extent one of progressive movement away from natural products of 

unknown or variable composition and potency, toward the use of pure active compounds of 

precisely known composition, stability, dosage and pharmacology.” 

Pharmacological drug research today is heavily slanted toward discovering or computer-designing 

compounds that affect cellular receptors, compensating for abnormal or inadequate genes at the 

root of diseases. Since medical conditions are often the result of combinations of causes, a single 

pharma- ceutical “silver bullet” may not suffice, requiring a combination of silver bullets (or a 

designer pharma- ceutical shotgun shell). In either alternative, the movement away from crude 

natural products remains. A concern about all crude drugs is that even if they contain therapeutic 

chemicals, they may also have toxic compounds. Dupont (2000) characterized marijuana as “a 

complex chemical slush” with more than 2000 chemicals. While this seems alarming, it should be 

remembered that our vegeta- bles, fruits, and cereals are also composed of thousands of chemical 

compounds, and the liver—the largest internal organ—is designed to cope with regular intake of 

small amounts of toxins. 

Western-based medicine has indeed become reliant on single-molecule pharmaceuticals or at 

least carefully evaluated combinations of drugs (described as “polypharmacy”). Even with the 

resurgence of alternative (especially herbal-based) modalities, there is widespread disrespect (in 

the West) for traditional plant-based medicines because they are not precisely defined mixtures 

(although they are effectively polypharmaceutical in nature). However, the perspective that 

herbal (crude drug) preparations are inherently inferior is short-sighted. Many herbal products in 

Europe are standardized and have been clinically demonstrated to be efficacious in double-blind 

placebo- controlled trials (Tyler 1993a,b, 1996; Tyler and Foster 1996; Small and Catling 1999). 

Defenders of herbal medicine often point out that there may be synergistic effects (which 

increase potency or other desirable effects) or mitigative effects (decreasing toxicity) because of 

interac- tions among the constituents of crude drugs and that, over time, humans have learned by 

trial and error the circumstances when these preparations are efficacious (Lewis and Elvin-Lewis 

2003).  Of course, research is required to examine the comparative merits of crude drugs, 

extracts, and synthetic analogues, and this is particularly true for C. sativa. Crude cannabis drugs 

(marijuana, hashish) are currently the main options exercised for medical use of C. sativa, and 

indeed, they are often chosen in preference to extracts and synthetic analogues by patients. It is 

very well known that extracted cannabinoids produce somewhat different effects from crude 

marijuana (Segelman et al. 1974; Fairbairn and Pickens 1981; Pickens 1981; Johnson et al. 1984; 

Wilkinson et al. 2003; Whalley et al. 2004; Ryan et al. 2006) and often do not satisfy patients as 

well as crude drugs, and this sug- gests that interactions of natural constituents are very 

important therapeutically (McPartland and Pruitt 1999; McPartland and Russo 2001; Russo and 

McPartland 2003; Russo 2014). 



 

 

MEDICINAL IMPORTANCE OF COMBINING THC AND CBD 

The previous paragraph points out the possibility that there are therapeutic interactions among 

the components of marijuana. In fact, a therapeutic interaction between THC and CBD 

dramatically vali- dates such an occurrence. Although widely said to be “nonpsychoactive,” it has 

long been appreciated that, at least at high dosages, CBD has sleep-inducing or sedative 

properties (Carlini and Cunha 1981), although at lower doses, it has alerting properties (Nicholson 

et al. 2004; Russo and Guy 2006). The reputation of “indica type” (high-CBD) marijuana strains for 

inducing sleep was demonstrated by a survey of patients at a dispensary, who chose such strains 

to treat insomnia (Belendiuk et al. 2015). 

It is apparent that CBD antagonizes (potentiates, reduces, mitigates) undesirable side effects of 

THC. CBD ameliorates (in a therapeutic sense) the effects of THC, blocking anxiety provoked by 

THC, reducing psychotic experiences associated with high-THC marijuana, and attenuating 

memory- impairment effects of THC (Russo and Guy 2006; Zuardi et al. 2006, 2012; Mechoulam 

2012; McPartland et al. 2015). The combination of THC and CBD is now appreciated to have 

medicinal advantages, although the nature of the interaction is not well understood 

(Bhattacharyya et al. 2010; Zuardi et al. 2012). Reducing the intensity of the THC experience is 

considered especially beneficial for inexperienced users, who may be subject to panic attacks, 

paranoia, delusions, or other disturbing symptoms on exposure to a high level of THC. Mechoulam 

and Parker (2013b) commented: “The reversal by CBD of some of the undesirable effects 

produced by pure THC or by cannabis with low levels of CBD and high levels of THC…strengthens 

the view that medicinal cannabis containing rea- sonably high levels of CBD is a better drug than 

cannabis with low levels of CBD or pure THC alone.” Sativex (Figure 13.6) is the most significant 

innovative cannabis-based medicine developed to date. 

The USAN name for the trade name Sativex is nabiximols. (“United States Adopted Names” 

[USAN] are unique nonproprietary names assigned to pharmaceuticals marketed in the United 

States.) Sativex is standardized in composition and is effectively a tincture. This cannabinoid-based 

analgesic, devel- oped by the United Kingdom firm GW Pharmaceuticals (Guy and Stott 2005), 

exploits the advantages of combining approximately equivalent amounts of THC and CBD. Sativex 

is a buccal (“oromucosal”) spray, applied under the tongue or inside the cheeks (never into the 

nose) using a nebulizer. The extracts in Sativex comprise about 70% THC + CBD, minor 

cannabinoids (5%–6%), terpenoids (6%–7%), ste- rols (6%), as well as other components 

(triglycerides, alkanes, squalene, tocopherol, carotenoids, and other compounds) derived from 

cannabis plants (Russo and Guy 2006). 

In 2005, Sativex became the world’s first licensed prescription medicine based on extracts of C. 

sativa, when it was licensed for usage in Canada. It is now licensed for various usages in numer- 

ous countries. It has been reported that some patients experience stinging or lesions (mouth 

ulcers) from the high alcohol content of Sativex (Scully 2007), and other relatively minor side 

effects have been reported. While it is clear that the interaction of THC and CBD is the principal 

medically beneficial interplay of cannabis constituents, it is quite possible that the additional 

components in Sativex and indeed in marijuana are also beneficial, either additively or 

interactively. 



 

 

 

 

 

 

 

THE ACCIDENTAL MEDICINAL VALUE OF INDICA TYPE STRAINS 

In southern Asia, the homeland of potent intoxicating cannabis preparations, sativa type land 

races used to produce both hashish and marijuana-type products have a cannabinoid profile 

typically dominated by THC, while indica type land races often used to produce hashish typically 

have a cannabinoid profile dominated by both THC and CBD. (This does not necessarily apply to 

single indica type plants, but rather to populations; Clarke 1998a.) For production of hashish, it is 

desir- able that considerable resin be produced relative to plant tissues, and so hashish strains 

often seem to have been unconsciously selected for resin production at the expense of lowering 

THC content. The combination of THC and CBD has therapeutic advantages, as explained 

previously. It is unclear whether or not traditional (obsolete) medicines based on C. sativa took 

advantage of the naturally superior medicinal qualities of indica type strains with balanced THC 

and CBD.  

F I G U R E  1 3 . 6  S A T I V E X ,  CA N N A B I N O I D  S P R A Y ,  A N  A L CO H O LI C  S O LU T I O N  W I T H  A B O U T  E Q U A L  A M O U N T S  O F  T H C  

A N D  CB D ,  S P R A Y E D  U N D E R  T H E  T O N G U E  A N D  A U T H O R I Z E D  F O R  U S E  I N  M O R E  T H A N  T W O  D O Z E N  CO U N T R I E S .  

P H O T O S  P R O V I D E D  B Y  G W  P H A R M A CE U T I CA LS  P L C .  



 

 

In principle, pre- paring marijuana from such strains should also be advantageous therapeutically, 

but halving the amount of THC (in order to have an equal amount of CBD) has the undesirable 

effect of increasing the amount of material that needs to be consumed (if absorbed by smoking). 

 

OVERVIEW OF MEDICAL MARIJUANA PREPARATIONS 

Medical marijuana is currently being dispensed in many jurisdictions. A variety of forms are 

available, as shown in Figure 13.7. Most preparations of cannabis described in Chapter 12 can be 

employed in a medicinal way, but each type has advantages and disadvantages, as discussed in 

this chapter. Illicitly produced cannabis is especially unsuitable for medical usage because of 

impurities and variability of cannabinoid content. Traditional hashish, in particular, is a sticky, 

contaminated mixture, which is very unlikely to be usable for medicinal purposes. 

Cannabis is popularly consumed as smoked herbal material, and when experienced users become 

patients using cannabis therapeutically, there is a tendency to remain loyal to their traditional 

form of consumption. Hazekamp et al. (2013) reported on a survey of preferences of almost 1000 

patients employing cannabinoid-based medicines (CBMs), and found that “In general, herbal non-

pharmaceuti- cal CBMs received higher appreciation scores by participants than pharmaceutical 

products containing cannabinoids. However, the number of patients who reported experience 

with pharmaceutical products was low, limiting conclusions on preferences.” Given the very small 

number of patients who had used pharmaceutical CBMs in the study of Hazekamp et al., it is 

possible that patients habituated to them would develop and maintain a preference for them 

rather than traditional marijuana. 

In the illicit drug trade, cannabis preparations based on solvent extracts are unreliable and dan- 

gerous. However, alcoholic cannabinoid extracts were widely employed medically a century ago 

(Russo 2003a; Figure 13.8a and b), and solvent-extracts can be produced safely by authorized 

quali- fied personnel (Figure 13.8c). Sativex, obtained by supercritical liquid carbon dioxide 

extraction (Potter 2014), is the most successful commercial example. As illustrated in Figure 

13.8d, a variety of balms, salves, and ointments based on extracted cannabinoids are currently 

being marketed. 

Cannabis resin powder (Figure 13.9), described in Chapter 12, is a relatively well-defined prod- 

uct. The devices described in Chapter 12 for manufacturing cannabis resin powder could be used 

to produce a product suitable for medical consumption. Apparatus for the production of 

medicinal marijuana should be sterilizable, and it is not clear that available devices meet this 

criterion. There is no literature reporting the microbiological safety of the products produced by 

using the available resin powder devices and techniques, but appropriate precautions could be 

taken to ensure adher- ence to good manufacturing practice and safety in conformity with 

conventional medical products. Cannabis resin powder has the potential to be used like grated 

Parmesan cheese from a shaker bottle, although the natural stickiness of the material can make 

distributing the material difficult. Resin powder could be added to marijuana cigarettes (“reefers”) 

to increase dosage, so less material needs to be smoked. “Artificial reefers” have in fact been 

produced for medical research by adding solvent-extracted THC to cellulose-based “cigarettes.” 

However, as noted in the following presenta- tion, smoking cannabis is inconsistent with health 



 

 

promotion. Purified cannabinoids and synthetic cannabinoids are often regarded as the ultimate 

path to responsible cannabis medications, but as noted in this chapter, they have not yet proven 

to be as consistently effective or acceptable to the majority of patients as cruder cannabis 

preparations. 

 

 

 

  

 

 

 

 

 

 

F I G U R E  1 3 . 7  M E D I C I N A L  M A R I J U A N A  S CE N E S .  ( A )  M E D I C A L  M A R I J U A N A  V A N .  P H O T O  B Y  J A M A L F A N A I A N  ( C C  B Y  

2 . 0 ) .  

( B )  LO L L I P O P S  W I T H  I N F U S E D  CA N N A B I N O I D S .  S U CH  F O O D S  A R E  M A D E  W I T H  F A T S  ( U S U A L LY  B U T T E R ) ,  I N  

W H I CH  T H C R E A D I LY  D I S S O L V E S .  P H O T O  B Y  B E R K N O T  ( C C  B Y  S A  2 . 0 ) .  ( C )  C O U N T E R  D I S P LA Y  O F  S T R A I N S  O F  B U D S .  

P H O T O  B Y  A U D I O V I S I O N —  P U B L I C  R A D I O  ( CC  B Y  2 . 0 ) .  ( D )  C O N F E C T I O N S  P R E P A R E D  W I T H  I N F U S E D  

CA N N A B I N O I D S .  P H O T O  B Y  C O M P A S S I O N 0 0 7  ( R E LE A S E D  I N T O  T H E  P U B LI C  D O M A I N ) .  A LT H O U G H  A L LO W E D  O R  A T  

LE A S T  T O LE R A T E D  I N  S O M E  J U R I S D I CT I O N S ,  T H E  M A T E R I A LS  I L LU S T R A T E D  H E R E  A R E  I L L I C I T  I N  S O M E  

C I R CU M S T A N CE S  O R  R E G I O N S .  M O R E O V E R ,  A S  D I S CU S S E D  I N  T H E  T E X T ,  CA N N A B I S  A N D  A S S O C I A T E D  A D V I CE  O N  

I T S  U S E ,  A CQ U I R E D  I N  M A N Y  CO M M E R CI A L  D I S P E N S A R I E S ,  M A Y  R E S U L T  I N  I N F E R I O R  T R E A T M E N T  CO M -  P A R E D  T O  

CA R E  I N  A  H O S P I T A L  O R  G E N U I N E  M E D I CA L  C L I N I C .  



 

 

 

 

 

 

F I G U R E  1 3 . 8  M E D I C I N A L  P R E P A R A T I O N S  B A S E D  O N  E X T R A CT S  O F  CA N N A B I N O I D S  O F  C .   S A T I V A .   ( T H E S E  M A Y  B E  

I LLE G A L  O R  R E Q U I R E  L I CE N S E S  D E P E N D I N G  O N  J U R I S D I C T I O N . )  ( A ,  B )  E A R LY  T W E N T I E T H  C E N T U R Y  P R E P A R A T I O N S  

( A ,  P U B L I C  D O M A I N  P H O T O ;  B ,  P H O T O  B Y  E .  S M A LL) .  ( C )  T I N C T U R E  A C CO M P A N I E D  B Y  S Y R I N G E  F O R  O R A L  

A P P L I CA T I O N .  P H O T O  B Y  S T E P H E N  C H A R LE S  T H O M P S O N  ( C C  B Y  3 . 0 ) .  ( D )  CA N N A B I N O I D - B A S E D  P R E P A R A T I O N S  

M A R K E T E D  I N  C O L O M B I A  I N  2 0 1 6 .  

( A )  E X T R A CT S  U S I N G  L I P I D S  I N S T E A D  O F  H Y D R O CA R B O N S  A S  S O LV E N T S .  ( B )  L I P  B A LM .  ( C )  T O P I CA L  CR E A M .  

( D )  A L CO H O LI C  T I N CT U R E S .  P H O T O  C O U R T E S Y  O F  S T E V E  N A R A I N E .  

F I G U R E  1 3 . 9  R E S I N  P O W D E R .  P H O T O G R A P H S  C O U R T E S Y  O F  M I LA  A N D  CH I M E D  J A N S E N  O F  T H E  P O LL I N A T O R  

CO M P A N Y .  



 

 

MEDICAL MARIJUANA DRUG DELIVERY SYSTEMS 

Aside from considerations of the inherent toxicity of cannabis is the issue of the relative safety (or 

harmfulness) of modes of drug delivery. Inhalation and oral ingestion are the most common meth- 

ods of administration, but delivery can also be intrathecal (injected into the fluid surrounding the 

brain and spinal cord), intravenous, opthalmogic (ophthalmologic, i.e., by eye), rectal, vaginal, 

sub- lingual (under the tongue), or transdermal. The production of novel pharmacological 

products that deliver cannabinoids efficiently is often considered to be a key to the future 

acceptance of medical marijuana. New pharmacological products for delivery of cannabinoids may 

be based on supposi- tories, time release encapsulation, eye drops, nasal sprays, aerosols, topical 

ointments or creams, sublingual drops, transdermal patches, etc. 

 

SAFER RESPIRATORY SYSTEMS 

Conventional Smoking 

“Smoking” is simply breathing in smoke (particulates and gases) from combustion. The heat from 

the fire in front of the herbal material that is set alight (located just back of the lit front of a joint 

or just underneath the burning material at the top of the bowl of a pipe) converts the THC-acid to 

free THC, as described in Chapter 11, and volatilizes the THC, which is inhaled with the smoke into 

the lungs. THC is very lipid-soluble, so it can easily cross the membranes of the alveoli (air sacs) 

and enter the blood in the pulmonary capillaries. The metabolized THC is rapidly carried to the 

heart and pumped to the brain. One of the ways that cannabis is unique is that no other 

prescribed drug is administered by smoking (Mechoulam 2012). (Historically, in fact, tobacco was 

smoked occasionally for medical purposes.) The extremely serious health hazards of smoking 

tobacco are well known: bronchitis (inflammation of the mucous membranes lining the major 

airway leading to the lungs), emphysema (lung diseases damaging alveoli, leading to shortness of 

breathe), lung cancer, heart disease, and numerous other disorders, including “bong lung” (Gill 

2005). As a system for delivering the target chemical (nicotine in the case of tobacco), smoking of 

any herbal is likely to also deliver hundreds of toxins, and this unhealthy consequence is certain 

when marijuana is smoked (Tashkin 2002, 2005, 2013; Reid et al. 2010; Owen et al. 2014). Moir et 

al. (2008) observed that as well as finding numerous of the same toxic compounds as in tobacco, 

“ammonia was found in mainstream marijuana smoke at levels up to 20-fold greater than that 

found in tobacco. Hydrogen cyanide, NO, NOx [NOx is a generic term for the mono-nitrogen 

oxides NO and NO2], and some aromatic amines were found in marijuana smoke at 

concentrations 3–5 times those found in tobacco smoke.” 

Macleod and Hickman (2009) concluded that “cannabis use is almost certainly harmful, mainly 

because of its intimate relation to tobacco use,” and Kalant (2008) predicted that smoked 

marijuana had little future prospects for medicinal purposes.  

 



 

 

Many of the ingredients common to marijuana and tobacco smoke (including tar, carbon 

monoxide, aromatic hydrocarbons, hydrocyanic acid, oxides of nitrogen, acrolein, reactive 

aldehydes, several known carcinogens, and particulate matter such as naphthalene, 

dimethylphenol, and benzopyrene) are known to be toxic to respiratory tissue (Taylor 1988; 

Earleywine 2010). Cannabis smokers inhale more deeply than tobacco smokers, resulting in 

greater exposure to combusted material per inhalation, but most cannabis users consume fewer 

cigarettes. Unfortunately, marijuana is generally smoked with tobacco in Europe, parts of Asia, 

North Africa, Australia, and New Zealand, although not usually in North America (Leggett 2006). 

The American Lung Association (2015) issued the following statement. “The ALA encourages 

continued research into the health effects of marijuana use, as the benefits, risks and safety of 

marijuana use for medical purposes require further study. Patients considering using marijuana 

for medicinal purposes should make this decision in consul- tation with their doctor, and consider 

means of administration other than smoking.” 

Sullivan et al. (2013) compared the efficacy of filtration techniques on reducing pesticide content 

in absorbed smoke. A handheld glass pipe allowed between 60% and 70% of pesticide residues to 

be absorbed. An unfiltered water pipe allowed 42% to 60% absorption. A cotton-filtered water 

pipe allowed only 0.1% to 11% absorption. While filtration can significantly reduce toxic pesticide 

resi- dues, this does not necessarily reflect how well other classes of toxins are removed. 

The issue of harm to pulmonary function from recreational smoking of marijuana was discussed in 

the previous chapter. The harm from smoking medical marijuana should not be equated with the 

harm likely resulting from regular smoking of recreational marijuana. Joshi et al. (2014) concluded, 

“Medicinal use of marijuana is likely not harmful to lungs in low cumulative doses.” 

In the interests of harm reduction, it is preferable to utilize efficient systems that increase the pro- 

portion of cannabinoids taken up while decreasing exposure to numerous other volatilized 

substances. Smoking cannabis preparations with an increased proportion of THC is the most 

common way of  achieving this. Thus, high-THC buds and hashish can be considered “safer,” 

lowering the risk from the hazardous chemicals by reducing the amount of material that is 

smoked. Properly prepared hashish contains much higher levels of the cannabinoids than does 

marijuana (this is often not true in the illegal trade), and therefore, a smaller quantity needs to be 

consumed in comparison to marijuana. Accordingly, lesser amounts of toxins are absorbed in 

smoking, and at least in this limited sense, hashish is safer than marijuana. Whether smoking 

“safer” marijuana encourages unnecessary usage is another issue. 

During the first decade of the twenty-first century, illicit marijuana has tended to increase in THC 

content in the United States, Netherlands, and United Kingdom (McLaren et al. 2008). The wide- 

spread criticism that, because cannabis products in the illicit trade have increased in potency (THC 

content) during the past 20 years (Licata et al. 2005; Cascini et al. 2012), they are more dangerous, 

tends not to be taken seriously by informed pharmacologists. This is not only because higher-

potency material means less material needs to be smoked, but also because cannabis dosage is 

autotitrated (self-regulated) by experienced users (novices are less able to limit their consumption 

to a desired point of satiety). According to Leggett (2006), “Unlike other drugs, it is virtually 

impossible to ‘over- dose’ on cannabis.” (As noted later in the discussion of “dabbing,” this is no 

longer true.)  



 

 

Similarly, when consuming alcoholic beverages, whether beer, wine, or liquors, many experienced 

users tend to self-dose up to a particular level of intoxication, and the different concentrations of 

alcohol pres- ent is of relatively limited importance. However, King et al. (2005) stated that “how 

far this parallel hold for cannabis is unknown,” and clearly, alcoholism and alcohol-based death 

indicates that some drinkers cannot limit their intake. Di Forti et al. (2009) intimated that high-

potency marijuana may increase the risk of psychosis, but their study design was inadequate to 

show a causal relationship. 

It is possible to smoke extracts, but because these are so concentrated, in the illicit culture they 

are generally diluted with tobacco or less concentrated marijuana. Street-available extracts can be 

very dan- gerous, but properly made extracts can be free of contamination. In any event, it is far 

easier and safer to consume extracts by vaporization, described later in this chapter, than to 

attempt to smoke them. 

 

Valsalva Maneuver and Prolonged Breath-Holding 

Intuitively, breath-holding time and puff volume while smoking marijuana would seem to 

determine the amount of THC absorbed. Both assumptions have been questioned, particularly 

whether sus- tained maintenance of smoke in the lungs increases the resulting degree of 

intoxication. The deep inhalation and prolonged holding of breath—the usual technique of 

smoking marijuana—create a Valsalva maneuver. The Valsalva maneuver (named for the 

seventeenth century Italian physician 

A.M. Valsalva) results from attempting to forcibly exhale while keeping the mouth and nose 

closed, thus closing the windpipe. This impedes the return of venous blood to the heart and is 

sometimes used to diagnose cardiac conditions. It is also employed to assess a variety of other 

pathological conditions. In diving and air travel, the technique is often used to equilibrate 

pressure issues for the ears and sinuses. The Valsalva maneuver has been speculated to rarely 

cause pneumothorax (collec- tion of air within the chest, causing a lung to collapse), 

pneumomediastinum (collection of air in the middle portion of the chest), and lung disease (Hii et 

al. 2008; Lee and Hancox 2011). 

The common conviction that prolonged breath-holding of marijuana smoke enhances the effects 

of marijuana has been disputed (Zacny and Chait 1989, 1991; Azorlosa et al. 1995; Earleywine 

2010). “Stoner” films regularly show the leading characters bravely holding in exaggerated puffs 

(they also feature poorly constructed plastic marijuana plants). The belief in breath-holding is so 

established that challenging it, as Earleywine (2010) pointed out, is likely to produce profound dis- 

belief in the user community. 

 

 



 

 

Water Pipes 

Water pipes (devices to draw smoke through water; small contraptions are commonly called 

bongs, larger ones are hookahs; Figure 13.10; also see Figure 12.31) are widely employed by 

cannabis smok- ers in order to filter out toxins created by combustion and reduce pulmonary 

irritation. The heat of smoking can have negative effects, such as inflammation, and because 

water pipes cool smoke, they may be advantageous in this respect (Earleywine 2010). Water also 

removes gas-phase smoke toxins, such as ammonia, acetaldehyde, benzene, carbon monoxide, 

hydrogen cyanide, and nitrosamines, but is mostly ineffective against tars (polycyclic 

hydrocarbons) and particles in smoke (Bloor et al. 2008). Although THC is insoluble in water, the 

water nevertheless appears to trap some THC, leading to the need to smoke more when using a 

bong, with consequent increased intake of tars by comparison with smoking joints (Earleywine 

2010). Gieringer (2001) stated, “studies have found that waterpipes and solid filters are 

ineffective at improving the THC/tar ratio in smoke.” Regardless of smoking tech- nique, because 

of incomplete decarboxylation of THCA, loss through exhalation, and destruction by pyrolysis, a 

maximum of about 30% of the THC in cannabis preparations is absorbed (Russo 2007). 

 

Vaporization 

A smokeless pulmonary technique now extensively used in the consumption of cannabis drugs 

employs vaporization or volatilization, i.e., heating to produce steam or vapor without ignition or 

burning. Because the temperature is kept below the point of combustion where pyrolytic toxic 

com- pounds are released, the production of irritating respiratory toxins is suppressed. 

Cannabinoids are quite volatile and will vaporize at temperatures much lower than the heat 

required to combust plant material. Vaporizers heat marijuana (usually buds or oil) to 180°C–

190°C, vaporizing THC with- out burning the plant material, producing a mist rather than “smoke.” 

These devices are likely to become especially widespread for medicinal usage. Vaporizers of the 

rechargeable battery-operated pen-type (electronic cigarettes or e-cigarettes; Figure 13.11, right), 

which can be used either with vials of hash oil or solid concentrates, have become common for 

discreet consumption of illicit marijuana because they are inconspicuous and produce limited 

odor. However, Etter (2015) found that the conventional larger electronic vaporizers (such as the 

Volcano shown in Figure 13.11, left) were more popular than electronic cigarettes. The purity of 

the material employed is key to the degree of safety in using vaporization. The delivery of THC to 

the bloodstream by use of vaporizers is considered comparable to that achieved by conventional 

smoking. Ruchlemer et al. (2007) concluded that “vaporization of cannabis is a safe and effective 

mode of delivery of THC.” Earleywine and Barnwell (2007) found comparatively reduced incidence 

of respiratory symptoms in users of vaporizers. However, inhaling the steam from vaporization 

does not eliminate all of the toxic materials produced. Low molecular toxic compounds such as 

ammonia tend to persist (Russo 2007; Bloor et al. 2008).  

 

 



 

 

Smith et al. (2015) studied the performance of the Volcano vaporizer and concluded: “Whilst the 

‘Volcano’ device removes some toxic compounds from the smoke and reduces their inhalation by 

its user, it likely leads to enhanced ingestion of toxic ammonia known to result in neurobehavioral 

impairment.” Grant et al. (2012) commented, “Vaporization is not a perfect solution since carbon 

monoxide is formed, but levels are significantly lower than with smoking.” 

 

 

 

F I G U R E  1 3 . 1 0  E LE G A N T  H O O K A H S .  LE F T :  T U R K I S H  H O O K A H .  P H O T O  B Y  S O L I X  ( R E LE A S E D  I N T O  T H E  P U B LI C  

D O M A I N ) .  R I G H T :  H O O K A H S  O N  S A LE  I N  M A R A K E S H ,  M O R O C CO .  S U CH  W A T E R  P I P E S  A R E  P A R T I CU LA R LY  

I N A P P R O P R I A T E  F O R  S M O K I N G  M E D I CA L  M A R I J U A N A  B E CA U S E  T H E  D O S E  I S  D I F F I CU L T  T O  CO N T R O L .  P H O T O  B Y  

J U S T - A - CH E E S E B U R G E R  ( CC  B Y  2 . 0 ) .  

F I G U R E   1 3 . 1 1      V A P O R I Z E R S .  LE F T :  T H E  V O L CA N O   V A P O R I Z E R  S Y S T E M  F O R  V O LA T I L I Z I N G  T H E  R E S I N  O F  C .  

S A T I V A .  T H I S   I S  T H E  M O S T  E X T E N S I V E LY  S T U D I E D  V A P O R I Z E R  A V A I LA B LE  A N D  H A S  B E E N  U S E D  E X T E N S I V E LY  I N  

M E D I CA L  S T U D I E S .  A  R E CE P -  T A CLE  ( “ S A M P LE  C H A M B E R ” )  CO N T A I N I N G  G R O U N D  M A T E R I A L  I S  P LA CE D  I N  T H E  

“ H E A T E R  V E N T ”  A T  T H E  A P E X  O F  T H E  P Y R A M I D -  L I K E  A P P A R A T U S ,  W H E R E  H E A T  V O LA T I L I Z E S  T H E  A CT I V E  

CO M P O N E N T S  O F  T H E  R E S I N .  T H E  R E S U L T I N G  G A S E S  A R E  CO L LE CT E D     I N  T H E  B A L LO O N ,  A N D  T H E  CO N T E N T S  O F  

T H I S  A R E  I N H A LE D .  S U CH  D E V I CE S  CA N  G R E A T LY  R E D U CE  T H E  N U M B E R  O F  I N H A LE D  D A N G E R O U S  CO M P O N E N T S  

T H A T  A R E  P R E S E N T  I N  M A R I J U A N A  ( P E R F O R M A N CE  O F  T H E  V O L CA N O  V A P O R I Z E R  W A S  E V A LU A T E D  B Y  G I E R I N G E R  

E T  A L .  2 0 0 4 ) .  P H O T O  B Y  S T O R Z  &  B I CK E L  ( C C  B Y  3 . 0 ) .  R I G H T :  A  P O R T A B LE  E LE CT R O N I C  ( “ V A P E  P E N ” )  V A P O R -  

I Z E R .  P H O T O  B Y  J O N N Y  W I LL I A M S / W W W . E CI G CL I CK . CO . U K  ( C C  B Y  S A  2 . 0 ) .  



 

 

Oral Consumption 

Cannabinoids can be consumed in foods (Figure 13.12). Because THC is lipophilic, orally con- 

sumed cannabis is absorbed better by the intestinal mucosa if some fat is ingested simultaneously 

(this is usually accomplished by adding a fatty liquid, such as cream to cannabis tea, or 

considerable butter when baked in brownies; animal lard and vegetable oils are also used). 

Brownies, candies, and cookies seem to be most popular. Teas (usually “decoctions,” which are 

boiled preparations) and juices have proven useful, despite the notable limited solubility of THC in 

water. Chapter 12 provides information on how cannabinoids are added to common foods. Oral 

consumption in the form of foods or tinctures is a way of avoiding all lung problems, and during 

the nineteenth century, oral use was common both for medical and recreational use. However, 

becoming “high” from oral consumption is notoriously slow and comparatively unreliable. The 

speed of absorption of THC in the stomach depends on stomach contents and the presence of 

coingested drugs. Some degradation of THC by acids in the stomach and gut may occur. 

Smoking produces effects within seconds to minutes, with a maximum from about 10 to 30 min- 

utes and a duration of two or three hours, but with wide interindividual variation (Huestis 2005). 

THC can be detected immediately in plasma after the first puff. The rapid action of smoking is due 

to THC being transported quickly to the brain. By contrast, eating does not produce effects for 30 

minutes to three hours, and the effects are relatively prolonged, lasting five to eight hours or even 

longer. (Eating raw cannabis material that has not been heated to decarboxylate the acidic form 

of THC will produce only a minimal euphoric effect.) The slow action of orally ingested THC is due 

to its being transported from the stomach to the liver, where it is converted to 11-hydroxy-THC, a 

more potent and longer-lasting cannabinoid than THC. The more rapid onset and predictable 

decay of effects from smoking facilitates self-titration of dosing, in contrast to oral ingestion. 

Smoking and eating modes of metabolizing THC are contrasted in Figure 13.13. 

  

 

 

  

F I G U R E  1 3 . 1 2  E D I B LE  M E D I C A L  M A R I J U A N A  P R E P A R A T I O N S .  LE F T :  CO O K I E .  P H O T O  B Y  S U B V E R T C ( C C  B Y  3 . 0 ) .  

R I G H T :  C O N F E C T I O N .  P H O T O  B Y  E G G R O LE  ( CC  B Y  2 . 0 ) .  



 

 

Synthetic Oral Cannabis Drugs 

A number of psychoactive analogues of THC have  been  synthesized  and  tested  experimen- tally 

(Russo 2003b). Such analogues have been referred to as “cannabimimetic cannabinoids” and 

“syntho-cannabinoids.” The following two (Figure 13.14) have been marketed commercially for 

sev- eral decades. Dronabinol is the synthetically manufactured (-)-transisomer of Δ9-THC. 

Marinol is a dronabinol preparation, dissolved in sesame oil, provided as capsules. It is a 

registered trademark of Unimed Pharmaceuticals, Inc., a subsidiary of Solvay Pharmaceuticals, 

and is available in North America and some European countries. Nabilone is a synthetic derivative 

of Δ9-THC with a slightly modified molecular structure. It is marketed under the name Cesamet, a 

registered trademark of ICN Canada Ltd., and is available in Canada, in the United States (through 

Valeant Pharmaceuticals International), and some European countries. These synthetic 

preparations of THC are expensive and are often considered to be less effective than simply 

smoking preparations of marijuana. Rimonabant (the generic version of the trade pharmaceutical 

Accomplia; also trademarked as Zimulti) is a CB1 cannabinoid receptor antagonist (discussed later 

in this chapter), marketed for several years as an appetite suppressant (Figure 13.15). By blocking 

endocannabinoid receipt in the brain, this synthetic chemical proved useful for weight loss and 

obesity control. Indeed, not only did the drug reduce weight and decrease waist size, it also 

increased high-density lipoprotein cho- lesterol (good cholesterol), decreased triglycerides, 

improved glucose tolerance and insulin levels, and seemed to help in cessation of smoking. 

Because of potential psychiatric side effects, includ- ing anxiety, depression, nausea, seizures, and 

(particularly) suicide, the drug was discontinued in Europe in 2006, the main region where it was 

sold (Bermudez-Silva et al. 2010). 

Paradoxically, in view of the well-known ability of marijuana to stimulate appetite, Le Foll et al. 

(2013) showed that the prevalence of obesity is much lower in cannabis users compared to 

nonusers (see later discussion of obesity). It would of course be irresponsible to suggest that 

smoking marijuana is a reasonable way to lose excess weight. 



 

 

 

 

 

 

 

 

F I G U R E  1 3 . 1 3  A  CO N T R A S T  O F  T H E  M E T A B O LI S M  O F  I N H A LE D  A N D  E A T E N  M A R I J U A N A .  LE F T :  V A P O R I Z E D  T H C  

F R O M  S M O K I N G  I S  CA R R I E D  T O  T H E  LU N G S ,  W H E R E  I T  I S  T R A N S P O R T E D  B Y  B L O O D  V E S S E LS  T O  T H E  B R A I N ,  

E X E R T I N G  I T S  P S Y CH O A CT I V E  E F F E CT S  Q U I CK L Y  ( U S U A LLY  W I T H I N  1 0  M I N U T E S ) .  R I G H T :  M O S T  O R A L LY  I N G E S T E D  

T H C  I S  T R A N S F E R R E D  B Y  B LO O D  V E S S E LS  F R O M  T H E  S T O M A CH  T O  T H E  L I V E R ,  W H E R E  I T  I S  C O N V E R T E D  T O  1 1 -

H Y D R O X Y - T H C ,  A  M O R E  P O T E N T ,  LO N G E R - LA S T I N G  M E T A B O -  L I T E ,  R E S U LT I N G  I N  D E L A Y E D  ( U S U A LLY  A N  H O U R  O R  

M O R E )  O N S E T  O F  P S Y C H O A C T I V E  E F F E CT S ,  W H I CH  M A Y  L A S T  U P  T O  2 4  H O U R S  A N D  B E  S T R O N G E R ,  LE S S  

P R E D I CT A B LE ,  A N D  LE S S  P LE A S A N T .  P R E P A R E D  B Y  B .  B R O O K E S .  

F I G U R E   1 3 . 1 4   S Y N T H E T I C  ( “ CA N N A B I M I M E T I C” )  CA N N A B I N O I D S .  LE F T :  M A R I N O L  ( B R A N D  O F  D R O N A B I N O L) ,  A  

S Y N -   T H E T I C  T H C T H A T  H A S  B E E N  P R E S CR I B E D  F O R  T H E  C O N T R O L  O F  N A U S E A  A N D  V O M I T I N G  CA U S E D  B Y  

CH E M O T H E R A P E U T I C  A G E N T S  U S E D  T O  T R E A T  CA N CE R  A N D  T O  S T I M U LA T E  A P P E T I T E  I N  A I D S  P A T I E N T S .  R I G H T :  

CE S A M E T  ( B R A N D  O F  N A B I LO N E ) .  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

F I G U R E  1 3 . 1 5  A  CA R T O O N  P A R O D Y I N G  R I M O N A B A N T ,  T H E  O N CE  P O P U LA R  E N D O CA N N A B I N O I D - D E P R E S S I N G  

W E I G H T -  R E D U CI N G  P H A R M A CE U T I CA L .  U N LI K E  T H C ,  W H I CH  S T I M U LA T E S  CB 1  CA N N A B I N O I D  R E CE P T O R S  A N D  

P R O D U CE S  A  D E S I R E  T O  E A T ,  R I M O N A B A N T  D O E S  T H E  R E V E R S E ,  D E P R E S S I N G  A P P E T I T E .  D U R I N G  T H E  B R I E F  

P E R I O D  T H E  C H E M I CA L  W A S  A U T H O R I Z E D  A S  A  M E A N S  O F  LO S I N G  W E I G H T ,  I T  W A S  W I D E LY  A N D  R A T H E R  LU R I D LY  

A D V E R T I S E D  U N D E R  V A R I O U S  B R A N D  N A M E S  I N  D O Z E N S  O F  C O U N T R I E S .  U N S CR U P U L O U S  M A R K E T E R S  S T I LL  

P R O V I D E  I T  B Y  I N T E R N E T  S A LE S .  P R E P A R E D  B Y  B .  B R O O K E S .  



 

 

Dermal and Mucosal Drug Absorption 

“Skin” is a protective layer covering most of the outer body. Cannabinoids can be absorbed into 

the skin by topical (external) application; hence, concern has been expressed about the possible 

unintended absorption of THC through the skin because of the presence of contaminating THC in 

hempseed oil used in cosmetics, as described in Chapter 8. In fact, epidermal cannabinoid patches 

and gels are available commercially to deliberately absorb THC through the skin. 

A different kind of protective layer, mucosal tissue, lines most internal body passages, notably 

occurring in the nose, lips, digestive tract, urinary system, genitals, and anus. These tissues are 

moist, secreting mucus to protect against infection. Mucosal absorption of cannabinoids is much 

more efficient than application to the skin (and is vastly more likely to produce intense 

psychoactiv- ity from an overdose). Sativex (Figure 13.6), the cannabinoid-based analgesic 

supplied by the U.K. firm GW Pharmaceuticals, applies cannabinoids through mucosal tissues in 

the mouth. Ben Amar (2006) described Sativex as “a compromise between the inhaled and oral 

routes.” The cannabinoids are diffused into tiny blood vessels, entering the bloodstream directly 

(like smoking), unlike oral consumption, which exposes the cannabinoids to the digestive tract and 

subsequently to the liver, with the resulting issues described previously. Suppositories are 

occasionally used as a form of THC absorption through the mucosal tissues in the rectum (see 

“Curiosities of Science, Technology, and Human Behavior” at the end of this chapter). Rectal 

absorption is more constant than oral absorp- tion. A patent for the medical use of suppositories 

to administer THC was issued to ElSohly (1995). Vaginal application is also possible, and 

cannabinoid sprays for this purpose are being marketed, with claims that they produce 

extraordinary sexual sensation. Unless manufactured to precise standards and employed under 

the care of experienced health professionals, such products may be dangerous. 

 

THC DOSAGES, ABSORPTION RATES, AND TIME COURSE OF 
EFFECTS 

Bioavailability 

The relative amount of THC absorbed (bioavailability) during smoking has been claimed to be as 

high as 70%, depending on losses in combustion and sidestream smoke (Hall and Solowij 1998). 

Commonly, much of the THC is lost as smoke that is not inhaled and in vapor that is exhaled   after 

inhalation. Bioavailability of inhaled THC is affected by volume inhaled, depth of inhalation into 

the lungs, and length of time that the breath is held (but note earlier contradictory viewpoints 

regarding this), retaining the smoke in the alveoli (Grotenhermen 2004a). The intensity of subjec- 

tive effects is directly proportional to the puff volume and frequency (Azorlosa et al. 1992, 1995). 

In most circumstances, from 5% to 25% of the THC in marijuana is absorbed by smoking (Agurell 

et al. 1986; Holubek 2010; Strougo et al. 2008). Oral bioavailability ranges from 5%–20% of dose 

(Huestis 2005), usually less than 15% (Bowles et al. 2012). 

  



 

 

Dosages 

THC is very potent in humans, causing a “high” at a dose of 10 μg/kg through smoking, 30–50 μg/ 

kg after intravenous injection, and 120 μg/kg from ingestion. A THC concentration in marijuana of 

approximately 0.9% has been suggested as a practical minimum level to achieve an intoxicant 

effect, but, as discussed later, CBD (the predominant cannabinoid of fiber and oilseed varieties) 

antagonizes (i.e., reduces) and potentiates (modifies) the effects of THC. Concentrations of 0.3% 

to 0.9% are considered to have “only a small drug potential” (Grotenhermen and Karus 1998). 

Specifying the amount of marijuana that should be consumed in order to become high is subject 

to several difficulties. Experienced smokers are often capable of accessing about twice as much 

THC as casual users because they have developed a superior inhalation technique. Individuals 

differ in their response to marijuana, and heavy users can develop tolerance, so larger amounts 

may be necessary. Female patients with higher estrogen levels have been found to be relatively 

sensitive to the effects of medical cannabis (Lopez 2010). According to Leggett (2006), “a cannabis 

cigarette should not be considered a ‘dose.’ Consumption of an entire can- nabis cigarette in a 

single sitting by a casual user would be rare, rather like a casual drinker consuming an entire 

bottle of wine. Cannabis of reasonable quality is actually more like spir- its: just a few ‘shots’ is 

enough to produce intoxication.” A “hit” (inhalation) or two of high- potency cannabis is effective 

in producing a “buzz,” and several hits usually suffice during a session. Smoking 0.05–0.1 mg of 

high-quality cannabis (with 15% THC) is sufficient to become high (Leggett 2006), so a 0.5-mg joint 

would normally be consumed sequentially over several sessions by one person or simultaneously 

by several people. (The U.S. Drug Enforcement Administration employs 0.5 g of cannabis as 

representative of a cannabis cigarette.) Average consumption of 1 g/day is not unusual among 

regular users. For medical use or for those who choose to be more or less continuously 

intoxicated, consumption of as much as 5–10 g/day/ person has been reported. 

 

Pharmacokinetics 

“Pharmacokinetics” is the study of the time course of drug absorption, distribution, metabolism, 

and excretion (more generally, “pharmacodynamics” is the study of how drugs affect the 

biochem- istry and physiology of the body). Grotenhermen (2003) stated that “Pulmonary 

assimilation of inhaled THC causes a maximum plasma concentration within minutes, 

psychotropic effects start within seconds to a few minutes, reach a maximum after 15–30 

minutes, and taper off within two to three hours. Following oral ingestion, psychotropic effects 

set in with a delay of 30–90 minutes, reach their maximum after two to three hours and last for 

about 4–12 hours, depending on dose and specific effect.” Similarly, Abrams and Guzman (2014) 

observed that “When taken by mouth, there is a low (6%–20%) and variable oral bioavailability. 

Peak plasma concentrations occur after one to six hours and remain elevated with a terminal half-

life of 20–30 hours. When consumed orally, delta-9-THC is initially metabolized in the liver to 11-

OH-THC, also a potent psychoac- tive metabolite. On the other hand, when inhaled, the 

cannabinoids are rapidly absorbed into the bloodstream with a peak concentration in 2–10 

minutes, which rapidly declines over the next 30 minutes.  



 

 

Thus, smoking achieves a higher peak concentration with a shorter duration of effect. Less of the 

psychoactive 11-OH-THC metabolite is formed.” Grotenhermen et al. (2005) came to the following 

conclusions (cf. Armentano 2013). After smoking “typical medium to strong doses” of 15–20 mg 

THC, peak THC levels in blood occur 5–10 minutes after inhalation, and a waiting period of about 

three hours after smoking seems sufficient to reduce THC level to below a THC blood level of 5 

ng/mL. Typical oral doses in social settings are in the 10–20 mg range, the effects occurring later 

than do those of smoking, usually peaking two to three hours after ingestion, and usually 

decreasing below the level of 5 ng/mL THC of blood in four hours. 

 

Blood Concentrations of THC in Relation to Safe Driving 

Grotenhermen et al. (2007) found that “Limited epidemiological studies indicate that serum con- 

centrations of THC below 10 ng/ml are not associated with an elevated accident risk. A 

comparison of meta-analyses of experimental studies on the impairment of driving-relevant skills 

by alcohol or cannabis suggests that a THC concentration in the serum of 7–10 ng/ml is correlated 

with an impairment comparable to that caused by a blood alcohol concentration of 0.05%.” 

However, it is difficult to reliably associate serum concentration and the degree of impairment as 

is done with alcohol (Zuurman et al. 2009). The state of Colorado, after authorizing the use of 

recreational mari- juana, set a legal maximum limit for driving an automobile of 5 ng/mL THC of 

blood (many other states have zero tolerance). 

 

 

THE ENDOCANNABINOID SYSTEM AS A BASIS FOR MUCH OF 
THE MEDICAL VALUE OF MARIJUANA 

Overview of the Endocannabinoid System 

The endocannabinoid system (often abbreviated as ECS, or shortened to eCB system) is a “com- 

mand and control” set of biochemical communication regulatory mechanisms dealing with THC- 

like substances (endocannabinoids) produced naturally by the human body in general and the 

brain in particular, where receptors (discussed later) are concentrated in areas associated with 

thinking, memory, coordination, pleasure, and time perception. Like an automobile that has 

multiple systems requiring regulation (cooling, lubrication, electrical, etc.), the body has several 

systems to regulate physiological homeostasis, i.e., to maintain the orderly expression of different 

functional units to achieve a stable balance. For example, temperature, hormones, and energy 

levels of the body all require stabilization. The ECS is one of the important biological control 

systems. “The cannabinoid system helps regulate the function of major systems in the body, 

making it an integral part of the central homeostatic modulatory system—the check-and-balance 

molecular signalling networks that keeps the human body…healthy” (Aggarwal et al. 2009).  

 



 

 

“The modulation of the endocannabinoid system has therapeutic potential in a wide range of 

disparate diseases and pathologic conditions that affect humans, including neurodegenerative, 

kidney, and gastrointestinal diseases, pain, cancer, bone and cardiovascular disorders, obesity and 

metabolic syndrome, and inflammation, just to men- tion a few” (Horváth et al. 2012). 

Virtually every organ system of the human body (Figure 13.16) is directly or indirectly influ- enced 

by the ECS. Moreover, as reviewed by McPartland et al. (2014) (also see McPartland 2008a), the 

system can be influenced by numerous factors: (1) pharmaceuticals such as analge- sics (including 

acetaminophen, nonsteroidal anti-inflammatory drugs, opioids, and glucocor- ticoids), 

antidepressants, antipsychotics, anxiolytics, and anticonvulsants; (2) psychoactive substances, 

including alcohol, tobacco, coffee, and cannabis; (3) clinical interventions, includ- ing 

complementary and alternative medicine such as massage and manipulation, acupuncture, 

dietary supplements, and herbal medicines; (4) diet; and (5) lifestyle modification, including 

exercise and weight control. Given such extensive regulation of virtually all facets of the human 

body, and the numerous ways of modifying the controls, the significance of the ECS for human 

health can scarcely be exaggerated. 

The human ECS is made up of cannabinoid receptors (notably CB1 and CB2), endocannabi- noids 

(notably anandamide and 2-arachidonylglycerol [2-AG]), the biosynthetic precursors of the 

endocannabinoids, and the mechanisms (particularly the enzymes) involved in their biosynthesis 

and catabolism (inactivation) (Izzo et al. 2009). Information on these components of the ECS is 

presented in this section. As explained in the following discussion, the cannabinoids of C. sativa 

mimic the body’s functionally similar molecules in binding to and activating (or neutralizing) tiny 

molecular receptor molecules embedded in the membranous surfaces of cells. 

There are well over 10,000 scientific publications dealing with the ECS, most of them very tech- 

nical. The following discussion of the workings of the ECS and how it is affected by cannabinoids 

from the marijuana plants is a simplified overview. For a recent comprehensive technical review, 

see Mechoulam et al. (2014). 

  

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
F I G U R E   1 3 . 1 6    H U M A N  O R G A N  S Y S T E M S  I N F L U E N CE D  B Y  T H E  E N D O CA N N A B I N O I D  S Y S T E M .  I N  F A C T ,  V I R T U A LLY  A L L  O F     T H E  

B O D Y ’ S  S Y S T E M S  A R E  I N F LU E N CE D  B Y  T H E  E CS .  D E F I C I E N C I E S  I N  T H E  F U N CT I O N I N G  O F  T H E  E CS  A P P E A R  T O  B E  M A J O R  CA U S E S  

O F  CE R T A I N  D I S E A S E S ,  A N D  T H E  S Y S T E M  S E E M S  T O  P LA Y  A T  LE A S T  A  M I N O R  R O LE  I N  V I R T U A LLY  E V E R Y  A S P E CT  O F  H U M A N  

H E A LT H  A N D  S I CK N E S S .  CR E D I T :  H U M A N  A N A T O M Y  A N D  P H Y S I O L O G Y ,  A N  O P E N S T A X  CO LLE G E  R E S O U R CE .  T H E  O P E N S T A X  

CO LLE G E  N A M E ,  O P E N S T A X  C O LLE G E  LO G O ,  O P E N S T A X  CO LLE G E  B O O K  C O V E R S ,  O P E N S T A X  CN X  N A M E ,  A N D  O P E N S T A X  C N X  

LO G O  A R E  N O T  S U B J E C T  T O  T H E  CR E A T I V E  CO M M O N S  L I CE N S E  A N D  M A Y  N O T  B E  R E P R O D U CE D  W I T H O U T  T H E  P R I O R  A N D  

E X P R E S S  W R I T T E N  C O N S E N T  O F  R I CE  U N I V E R S I T Y  ( CC  B Y  3 . 0 ) .  



 

 

INTRODUCTION TO CELL RECEPTORS AND G PROTEIN-COUPLED 
RECEPTORS 

The biochemistry of cannabinoid action in humans is best understood in terms of how they affect 

cell receptors. Receptors are proteins, located in the cell membrane or inside the cell, which 

respond to chemicals in their environment by altering metabolic functions within the cell. In the 

early 1970s, opiate receptors were discovered in the brain, which bind to molecules produced 

naturally by the body but also bind to morphine and other opiates that are consumed. Analogous 

to the discovery of opiate receptors, in the 1990s, a system was discovered in which cannabinoid 

cell receptors responded both to internally produced molecules and also the cannabinoids of 

cannabis that are absorbed. Receptors are usually named after the endogenous molecules that 

activate them, such as dopamine for dopamine receptors or serotonin for serotonin receptors. 

“Cannabinoid receptors” are also called “endocannabinoid receptors.” Chemically, molecules that 

bind to cellular receptors are called ligands; pharmacologically, chemicals contacting and 

activating receptors are agonists. Full agonists maximally activate receptors. Partial agonists do so 

partially. Neutral antagonists dock at receptors but do not activate them. Inverse agonists 

(antagonists) deacti- vate or prevent activation of receptors by displacing agonists and by 

suppressing “endogenous tone” and “constitutive activity” (both explained later in the section 

Endocannabinoid Receptors). Thus, a particular chemical docking at a receptor site can be 

stimulative or depressive. The different kinds of agonists have varying degrees of utility in 

manipulating the ECS. The use of an inverse agonist like rimonabant can have rather drastic 

effects, such as lowering the baseline activity of the ECS. 

An analysis of terminology related to the ECS is presented by Di Marzo and De Petrocellis (2014), 

who attempt to provide more narrow definitions of some terms than usually encountered in the 

literature. For example, they dislike the term “cannabinoid receptor” mostly in use for the CB1 

and CB2 receptors, since (as discussed later) cannabinoids affect other targets. 

A particular chemical with drug properties, produced by a plant, may fortuitously mimic a nat- ural 

chemical that the body employs to regulate cell functions through the receptor system. Plants 

produce a countless array of chemicals, and it is probably just coincidence that the cannabinoids  

of C. sativa just happen to have architectural (structural) features and ionic properties (distribu- 

tion of electrical charges) that can activate the cannabinoid receptors of humans. In Figure 13.17, 

this kind of fortuitous relationship is conceptualized as analogous molecules with drug proper- 

ties, whether originating from a plant or the human body, influencing the same cell receptor sites 

because of a sort of lock-and-key compatibility (receptors are analogous to locks; endocannabi- 

noids and cannabinoids from Cannabis are analogous to keys).  

In the case of the ECS described here, the traditional lock-and-key metaphor is an 

oversimplification: different keys (chemicals) may have different degrees of fit into the lock, and 

cellular response depends on which kind of cell the lock is located. 

The endocannabinoid receptors belong to a group called “G protein-coupled receptors” (illus- 

trated in Figure 13.18). 



 

 

 “G protein” is short for guanine nucleotide binding protein, the type of molecule that is normally 

attached but detaches when the receptor is stimulated, initiating a chain of biochemical events. G 

protein-coupled receptors are important in many diseases and are the target of about 40% of 

pharmaceuticals. This class of receptors includes numerous varieties of proteins that weave 

through cell membranes seven times (hence, they are also called seven-transmembrane 

receptors). G protein-coupled receptors function as intracellular molecular switches, possessing a 

unique binding pocket that “senses” or responds particularly to molecules docking in the pocket, 

and consequently, the external molecules transmit signals to the interior of the cell, triggering cel- 

lular responses. 

  

 

 

  

The mechanism of this “sensing” involves the docking causing a distortion of the protein that 

weaves seven times through the membrane, in turn producing a decoupling of the attached G 

pro- tein inside the cell, which initiates biochemical events such as a flow of ions or the release of 

hormones, consequently influencing cell behavior.  

F I G U R E  1 3 . 1 7  ( A )  CO N CE P T U A L  R E P R E S E N T A T I O N  O F  H O W  A N A LO G O U S  D R U G  C H E M I CA LS  F R O M  A  P LA N T  A N D  

F R O M  T H E  H U M A N  B O D Y  A F F E CT  A  G I V E N  CE LL  R E CE P T O R  B E CA U S E  O F  T H R E E - D I M E N S I O N A L  “ L O CK - A N D - K E Y ”  

CO M P A T I B I L I T Y .  T H E  P LA N T ’ S  CH E M I CA LS  F U N CT I O N  A S  S U B S T I T U T E  “ K E Y S ”  A N D  T H E  CE L L  R E CE P T O R S  A S  T H E  

“ LO CK S . ”  ( B )  C O N CE P T U A L  A R CH I T E CT U R A L  F I T  O F  A  CH E M I CA L  A N D  I T S  C O R R E S P O N D I N G  CE LL  R E CE P T O R .  ( C )  

A N A LO G O U S  F I T  O F  A  K E Y  I N T O  A  LO CK .  P R E P A R E D  B Y  B .  B R O O K E S .  



 

 

The type of detachable protein determines the kind of biochemical process that is triggered, and 

different types of cells can utilize a given recep- tor for different purposes by coupling to 

particular proteins. The body is known to possess thou- sands of G protein-coupled receptors, 

well-known types including dopamine, opioid, serotonin, and β-adrenergic receptors. Cannabinoid 

receptors are the most common kind of G protein-coupled receptor in the brain. 

 

Endocannabinoids 

From the perspective of the human body, the cannabinoids of the cannabis plant are “exogenous” 

(i.e., derived externally), while its own cannabinoids (“endocannabinoids”) are “endogenous” 

(origi- nating internally). The endocannabinoids are derivatives of fatty acids and are relatively 

unrelated chemically to the cannabinoids of C. sativa (although the cannabinoids of C. sativa and 

the endo- cannabinoids of humans are all “lipids”). Although the chemical formulae of 

endocannabinoids are quite different from those of the cannabinoids of C. sativa, the three-

dimensional structures of the two classes are thought to be quite similar, accounting for how 

marijuana cannabinoids can influ- ence the human body’s receptors. 

There are two principal endocannabinoids. Arachidonylethanolamide or N-arachidonoyl- 

ethanolamine, mercifully nicknamed anandamide or AEA, exists particularly in the human nervous 

system and mimics the action of THC by influencing cannabinoid receptors. (The word 

anandamide was coined from “ananda,” the Sanskrit word for “bliss” or “supreme joy,” and 

“amide,” meaning carboxylic acid derivatives.) Another chemical, later discovered to have similar 

effects on cannabi- noid receptors, was coined 2-arachidonylglycerol (2-AG for short). Both of 

these endocannabinoids activate the CB1 and CB2 receptors discussed in the next section. 

Other known endocannabinoids (also capable of activating the CB1 and CB2 receptors) include 2-

arachidonoyl glycerol ether, O-arachidonoyl ethanolamine (virodhamine), and N-arachidonoyl 

dopamine (Pacher et al. 2006). Lysophosphatidylinositol has been suggested to also be an 

endocan- nabinoid (it too activates CB1 and CB2 receptors and also seems to influence a putative 

cannabinoid receptor; Piñeiro and Falasca 2012). 

Synthesis and release of endocannabinoids are induced “on demand” by physiological or patho- 

logical stimuli. Cannabinoid receptors are subsequently activated, resulting in adaptive (or in 

some disease conditions possibly inadaptive) responses. 

 

 

 

 

 



 

 

 

 

 

 

 

F I G U R E  1 3 . 1 8  A  S I M P L I F I E D  I N T E R P R E T A T I O N  O F  T H E  S I M I LA R  A CT I O N S  O F  CA N N A B I S - B A S E D  A N D  H U M A N - B A S E D  

CA N -  N A B I N O I D S .  LE F T :  A  M O LE CU LE  O F  Δ 9 - T H C,  T H E  C H I E F  N A T U R A L  CA N N A B I N O I D  O F  C .  S A T I V A ,  I S  S H O W N  

CO N T A CT I N G  A N D  A F F E C T I N G  A  T Y P E  CB 1  R E CE P T O R  E M B E D D E D  I N  T H E  H U M A N  CE LL  M E M B R A N E  A T  B O T T O M  

( N O T E  T H E  CH A R A C T E R I S T I C  S T R U C -  T U R E  O F  T H I S  P O LY P E P T I D E  C H A I N — A  P O R T I O N  O U T S I D E  T H E  M E M B R A N E ,  

W I N D I N G  T H R O U G H  T H E  M E M B R A N E  S E V E N  T I M E S ,  A N D  A  P O R T I O N  I N S I D E  T H E  M E M B R A N E ) .  R I G H T :  A  

M O LE CU LE  O F  A N A N D A M I D E ,  O N E  O F  T H E  CH I E F  N A T U R A L  E N D O CA N N A B I -  N O I D S  O F  T H E  H U M A N  B O D Y ’ S  

I N T E R N A L  CA N N A B I N O I D  S Y S T E M ,  S I M I LA R LY  C O N T A C T S  A N D  A F F E CT S  A  T Y P E  CB 1  R E CE P T O R .  T H E  D I S C O V E R Y  

T H A T  T H E  CA N N A B I N O I D S  O F  C .  S A T I V A  A F F E C T  ( E I T H E R  P O S I T I V E LY  O R  N E G A T I V E LY )  T H E  H U M A N  B R A I N  A N D  

O T H E R  O R G A N S  O F  T H E  B O D Y  T H R O U G H  T H E  I N T E R N A L  E N D O CA N N A B I N O I D  CO N T R O L  S Y S T E M  O F  T H E  H U M A N  

B O D Y  P R O V I D E S  I N D I S P U T A B LE  E V I D E N CE  T H A T  M A R I J U A N A  H A S  M E D I C I N A L  P R O P E R T I E S  ( B U T  N O T  N E CE S S A R I LY  

W A R R A N T I N G  M E D I CA L  U S A G E ) .  D R A W N  B Y  B .  F LA H E Y .  



 

 

Endocannabinoid Receptors 

The brain and other organs have specific G protein-coupled receptors that recognize cannabinoids 

like THC as well as the body’s endocannabinoids (Figure 13.18). While the receptors fortuitously 

respond to the cannabinoids from C. sativa, they appear to routinely function mainly in response 

to endocannabinoids, produced by the body’s metabolism (Grotenhermen 2003, 2004a,b; Onaivi 

et al. 2005). Cannabinoid receptors have been identified in nerve terminals in the central nervous 

system, as well as in peripheral tissues, including sympathetic ganglia, dorsal root ganglia, adrenal 

glands, heart, lung, urinary bladder, reproductive tissues, gastrointestinal tissues, and immune 

cells. Cannabis drugs and extracts exert many of their biological functions through the receptors. 

Many of the potential therapeutic uses for cannabis drugs are related to the ways the drugs act on 

the can- nabinoid receptors and how this influences human physiology (Joy et al. 1999; Onaivi et 

al. 2005b). 

There are at least two types of cannabinoid receptors: CB1 receptors, which are more numerous 

in the brain, particularly play neuromodulatory roles (i.e., they control nerve cell operations), and 

CB2 receptors, which are best known for immunomodulatory functions (i.e., they control immune 

cell operations). The CB1 receptor was discovered in 1991, and the CB2 in 1993 (Pertwee et al. 

2010). The CB1 receptor contains 472 amino acids, while the CB2 receptor has 360 (Sugiura et al. 

2005). Only a few natural cannabinoids of C. sativa have been found to be capable of activating 

the recep- tors, of which the following (which produce euphoria in humans) are most significant. 

Δ9-THC is a partial activator of both receptors but is more potent at CB1 receptors than at CB2 

receptors (Pertwee et al. 2010). Δ8-THC also activates the CB1 receptors but is slightly less potent 

than Δ9-THC, and it probably also activates CB2 receptors (Pertwee and Cascio 2014).  

Cannabinol (CBN) binds less potently to both receptors than either Δ9-THC or Δ8-THC (Pertwee 

and Cascio 2014). In addition to these three cannabinoids, Δ9-tetrahydrocannabivarin (THCV) 

affects both receptors. “No other phytocannabinoid investigated to date has been reported to 

activate CB1 or CB2 receptors with sig- nificant potency” (Cascio and Pertwee 2014). 

Panlilio et al. (2015) summarized the activities of THC as follows: “The actions of THC at CB1 

receptors are considered to be critical for its psychoactive effects, but THC also acts at peroxisome 

proliferator-activated receptors and GPR55 receptors.” CBD does not bind significantly either to 

CB1 or CB2 receptors, but there can be complex indirect effects (Pertwee 2008; Pertwee et al. 

2010; Cascio and Pertwee 2014; Laprairie et al. 2015). CBD and indeed other nonpsychotropic 

(noneuphoric) cannabinoids have significant pharmacological actions on the human body that are 

independent of the ECS (Cascio and Pertwee 2014). (As pointed out elsewhere in this chapter, the 

psychotropic cannabinoids also have significant therapeutic potential independent of the ECS.) 

The two kinds of receptors have somewhat different distributions, but collectively, they are in 

virtually all organs and body tissues. CB1 receptors are the most abundant G-coupled receptors in 

the mammalian brain and they are the primary sites of action of THC taken into the human body. 

Human brains can contain as many as 100 billion neurons, which communicate electrochemically 

by means of neurotransmitters (chemical messengers), notably dopamine, serotonin, and 

glutamate. CB1 receptors and the endocannabinoids (which are neurotransmitters) that affect 

them appear to play key roles in regulating the actions of the other neurotransmitters.  



 

 

Within the brain, the distribu- tion of CB1 receptors is consistent with the known effects of 

cannabinoids on cognition, memory, and motor function. The distribution of CB1 receptors with 

respect to pain pathways in the brain, spinal cord, and on terminals of peripheral nervous system 

primary afferent neurons is also con- sistent with cannabinoid-induced analgesia. The male and 

female reproductive systems, bones, and indeed most body tissues are also home to CB1 

receptors, albeit in lower concentration than in ner- vous tissues. In the central nervous system, 

where CB1 receptors are particularly densely distributed, they are responsible for such effects of 

marijuana as catalepsy (a nervous condition characterized by muscular rigidity and postural fixity), 

depression of motor activity, antinociception (decreased sensitivity to pain), analgesia, and 

feelings of well-being. In peripheral neurons, activation of the CB1 receptors suppresses 

neurotransmitter (chemical messenger) release to the heart, bladder, intes- tines, and vas 

deferens. CB1 receptors particularly affect brain functions and so are important in the medical 

consideration of psychiatric and memory diseases. CB1 receptors also play key roles in regulating 

diseases related to pain, itching, muscle tone, and gastrointestinal functions such as digestion, 

secretion, and propulsion. 

CB2 receptors occur in nonneural tissue, especially in the spleen and immune system (hence their 

importance for anti-inflammatory functions), but to a lesser degree in the brain, pancreas, and 

liver.  The distribution of CB2 receptors on peripheral and central immune cells (such as in the 

spleen, thymus, tonsils, bone marrow lymph nodes, tonsils, and white blood cells) has been 

hypothesized to modulate immune effects of THC, through release of cytokines (proteins that are 

important in cell signaling, including some that act as chemical switches, turning certain immune 

cell types on and off). 

CB2 receptors particularly affect immunosuppression, and so are important in the medical con- 

sideration of numerous diseases and malfunctions of physiological systems, including 

inflammation (Croxford and Yamamura 2005; Basu and Dittel 2011). CB2 receptors are also 

thought to affect disorders characterized by development of scar tissue (fibrosis), such as in liver 

cirrhosis, and to affect certain heart and kidney disorders. Indeed, an astonishing range of human 

maladies rang- ing from cardiovascular, gastrointestinal, liver, kidney, neurodegenerative, 

psychiatric, bone, skin, autoimmune and lung conditions, as well as pain and cancer, have been 

correlated with changes in endocannabinoid levels and/or CB2 receptor expression (Pacher and 

Mechoulam 2011). 

The expression of more or fewer receptors on cells is influenced by stresses. At least in some 

circumstances, increased numbers of receptors seems adaptive. Disease conditions may be 

accom- panied either by more or by fewer cell receptors. A particularly interesting example is the 

study of Hirvonen et al. (2012), who demonstrated that chronic smoking in people was correlated 

with downregulation (decrease) of cannabinoid CB1 receptors in certain brain regions but that this 

could be reversed by cessation of smoking. 

Cannabinoid receptors (indeed, other classes of receptors) may be active to a degree despite the 

absence of cannabinoids (either endogenous or exogenous)—termed “constitutive activity”—and 

this may be difficult to distinguish from “endogenous tone,” the relative efficacy or degree of 

func- tional balance of the ECS (for discussion, see Howlett et al. 2011). 



 

 

For many years, CB1 and CB2 receptors were thought to have quite separate distributions, but 

more recently, CB2 receptors were found to occur in brain tissues (Pamplona and Takahashi 

2012). There is evidence that there are additional cannabinoid receptors (which could be labeled 

CB3, etc.), but their status is not yet certain (Pamplona and Takahashi 2012). Prominent among 

these can- didate cannabinoid receptors is GPR55, a seven-transmembrane G protein-coupled 

receptor, which however does not meet current criteria employed to define cannabinoid 

receptors (Cabral et al. 2015). 

Transient receptor potential vanilloid type 1 (TRPV1; aka the capsaicin receptor) is also often 

viewed as an ion channel (rather than a G-protein-coupled) cannabinoid receptor (Tóth et al. 

2009). 

 

Intercellular Communication Involving Endocannabinoids 

Nerve cells (neurons) of the brain and other parts of the nervous system communicate with each 

other by transmission of chemical or electrical messages across very shallow interneuron gaps. 

Such messages regulate and coordinate key functions such as appetite, memory, movement, and 

pain. A variety of messaging systems exist, and usually the stimulus arises entirely in one nerve 

cell and is transmitted directly to an adjoining nerve cell at a synapse. (Some employ the term 

“synapse” to refer to the gap [synaptic cleft] across which messages flow between nerve cells; 

more properly, the term also denotes the working parts of the adjacent neurons, i.e., the 

presynaptic and postsynaptic portions, as well as the synaptic cleft.) 

The function of the ECS in the central nervous system is to dampen release of neurotransmit- ters. 

The receiving neuron has the capability of suppressing the message from its partner neuron (a so-

called “retrograde feedback” or “upstream” or “backward arrangement”). As shown in Figure 

13.19, the receiving (postsynaptic) membrane of a nerve cell synthesizes endocannabinoids (from 

phospholipids), which migrate across the synaptic gap to the transmitting (presynaptic) end of an 

adjoining nerve cell. Activation of the presynaptic CB1 receptors decreases intracellular signaling 

ions (Ca2+) which are required for release of stored intercellular cationic neurotransmitters from 

vesicles in the presynaptic neuron. In short, this sequence of events suppresses the chemical 

signal between nerve cells. (For a technical account, see Reggio 2005.) 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

F I G U R E  1 3 . 1 9  A  S I M P L I F I E D  R E P R E S E N T A T I O N  O F  E N D O C A N N A B I N O I D - B A S E D  R E T R O G R A D E  CH E M I CA L  M E S S A G E  

T R A N S M I S -  S I O N  A T  A  S Y N A P S E  B E T W E E N  N E R V E  CE L LS .  E F F E CT I V E LY ,  T H E  E N D O CA N N A B I N O I D  R E CE P T O R  ( T Y P E  

CB 1 )  I S  F U N CT I O N I N G  A S  A  D I M M E R  S W I T CH  O R  S U R G E  P R O T E CT O R ,  R E S P O N D I N G  T O  CH E M I CA L  S I G N A LS  F R O M  

T H E  R E CE I V I N G  CE LL ,  I N S T R U CT I N G  T H E  S E N D I N G  CE L L  T O  D A M P E N  D O W N  I T S  S I G N A L.  ( A )  T H E  R E CE I V I N G  

N E U R O N  S Y N T H E S I Z E S  E N D O CA N N A B I N O I D S  F R O M  L I P I D  P R E CU R S O R S  I N  T H E  M E M B R A N E  O F  T H E  P O S T S Y N A P T I C  

N E U R O N  A N D  T H E S E  M I G R A T E  A CR O S S  T H E  S Y N A P T I C  CLE F T  ( G A P )  B E T W E E N  T H E  N E R V E  CE L LS  T O  CA N N A B I N O I D  

R E CE P T O R S  O F  T H E  T R A N S M I T T I N G  N E U R O N .  ( B )  T H E  E N D O CA N N A B I N O I D S  CO M M U N I C A T E  W I T H  T H E  

P R E S Y N A P T I C  CA N N A B I N O I D  R E CE P T O R S ,  W H I C H  A R E  A C T I V A T E D .  ( C )  A C T I V A T I O N  O F  T H E  CB  R E CE P T O R S  

R E LE A S E S  CH E M I CA LS ,  D E CR E A S I N G  S I G N A LI N G  I O N S  ( CA 2 +)  W H I CH  A R E  R E Q U I R E D  F O R  R E LE A S E  O F  S T O R E D  

N E U R O T R A N S M I T T E R S  F R O M  V E S I CLE S  I N  T H E  P R E S Y N A P T I C  N E U R O N .  ( D )  T H I S  S U P P R E S S E S  T H E  S U P P LY  O F  

N E U R O T R A N S M I T T E R S  M I G R A T I N G  T O  T H E  P O S T S Y N A P T I C  N E U R O N  A CR O S S  T H E  S Y N A P T I C  CLE F T  A N D  D E CR E A S E S  

T H E  A C T I V A T I O N  O F  R E CE P T O R S  O N  T H E  P O S T S Y N A P T I C  N E U R O N .  ( E )  D E CR E A S E D  A C T I V A T I O N  O F  

N E U R O T R A N S M I T T E R  R E C E P T O R S  D E CR E A S E S  T R I G G E R I N G  O F  CE L LU LA R  A C T I V I T Y  ( F )  I N  T H E  P O S T S Y N A P T I C  

N E U R O N .  D R A W N  B Y  B .  B R O O K E S  ( A F T E R  V E LA S CO ,  G . ,  S Á N CH E Z ,  C . ,  G U Z M Á N ,  M . ,  N A T L .  R E V .  CA N CE R ,  1 2 ,  4 3 6 –

4 4 4 ,  2 0 1 2 ) .  



 

 

Most “classical” neurotransmitters (examples include acetylcholine, dopamine, and serotonin) are 

stored in vesicles in the presynaptic portion of a transmitting neuron, awaiting need (as shown in 

Figure 13.19). The endocannabinoid anandamide is not stored in the receiving neuron but is 

synthe- sized in the postsynaptic end of the receiving neuron and released on demand following 

stimulation. (The other major endocannabinoid, 2-AG, is almost universally thought to also follow 

this retrograde arrangement, but this awaits confirmation; Mechoulam and Parker 2013a). 

Mechoulam (2004) noted, “In many respects, the endocannabinoids differ from the classical 

modulatory molecules. They are not stored waiting for a customer. They are both formed and 

released on demand. They seem to act mostly (but not exclusively) within their anatomical vicinity 

and their actions are mediated (again mostly) by presynaptic, rather than by postsynaptic 

receptors, as with the classical neurotransmitters.” It appears that the postsynaptic neuron 

recognises that the presynaptic neuron is send- ing too much signal and sends endocannabinoids 

to the former to decrease or halt transmission. Hyperstimulation of a postsynaptic neuron can 

degrade and even kill it (a phenomenon termed “excitotoxicity”). The endocannabinoid receptors 

have been compared to a dimmer switch, limiting or stimulating the amount of neurotransmitter 

released, thereby affecting how messages are sent, received, and processed. An illustration of 

how this might be useful is provided by the following example. Neuropathic or nerve-based pain is 

associated with many diseases (including diabetes, human immunodeficiency virus [HIV]/AIDS, 

and multiple sclerosis [MS]). The pain is produced by several neurotransmitters, including 

glutamate. To relieve excessive pain, the endocannabinoids act to limit glutamate release (too 

much glutamate can cause neurons to die). As noted later, such needless pain may be one of the 

targets of cannabinoid therapy. 

The ECS is not limited to damping down an activity, although this seems to be its major function. 

Stimulation of some neurons (“inhibitory neurons”) causes them to dampen down an activity, and 

when such neurons are damped down by the ECS, the result is that some activity is stimulated 

(such “synaptic disinhibition” is due to a sort of double negative producing a positive effect). Thus, 

the ECS is endowed with flexibility (“synaptic plasticity”) facilitating complex mental functions 

such as learning and memory. The previous discussion has concentrated on how CB1 receptors 

suppress excessive stimulative activity from one cell to another to prevent damage to that 

receiving neuron. This is the main function of CB1 receptors—to prevent damage to the brain and 

peripheral nerves from uncontrolled stimula- tion. Analogously, CB2 receptors, which are 

primarily in cells associated with the immune system, prevent damage by suppressing signaling 

from sending neurons to immune cells. Immune cells have varied functions but often stimulate 

“inflammation” while contributing to a fight against infection. Normal inflammation is largely a 

localized response, where the body (particularly its immune cells) is trying to fight off infective 

agents, respond to chemical irritants, or remove dead or dying cells that have been injured. The 

immune system may produce protective compounds (a sort of chemical warfare) to ward off 

germs, which is desirable to a degree, but if done excessively, the result may be damage to 

innocent body tissues. (Autoimmune diseases, as discussed later, illustrate the danger of excessive 

inflammation.) Excessive inflammation can cause tissue damage, pain, and retardation of healing.  

 



 

 

Physicians conventionally prescribe pharmaceuticals to dampen down excessive inflamma- tion 

(such as corticosteroids and nonsteroidal anti-inflammatory drugs [NSAIDS]), and one day, they 

may prescribe cannabinoids to mimic the body’s natural inflammation-reducing 

endocannabinoids. 

A highly simplified interpretation of how the CB1 and CB2 receptors function as signal suppressors 

is shown in Figure 13.20. 

 

 

 

 

 

 

 

 

 

 

F I G U R E  1 3 . 2 0  A  S I M P L I F I E D  CO M P A R I S O N  O F  CA N N A B I N O I D  R E CE P T O R  S I G N A L  R E D U CT I O N  T O  P R E V E N T  D A M A G E .  

LE F T :  CB 1  N E U R O M O D U L A T I O N  O F  S I G N A L  B E T W E E N  A  S E N D I N G  N E U R O N  A N D  A  R E C E I V I N G  N E U R O N ,  T O  

P R E V E N T  D A M A G E  T O  T H E  L A T T E R .  R I G H T :  CB 2  I M M U N O M O D U LA T I O N  O F  S I G N A L  B E T W E E N  A  S E N D I N G  N E U R O N  

A N D  A  R E CE I V I N G  I M M U N E  C E LL ,  T O  R E G U LA T E  I N F LA M M A T I O N  T O  A  L E V E L  S U F F I C I E N T  T O  K I L L  I N V A D I N G  

M I CR O O R G A N I S M S  B U T  N O T  H E A LT H Y  B O D Y  CE LL S .  N O T E  T H E  P A R A L -  L E L I S M  O F  T H E  E N D O CA N N A B I N O I D  

M O D U LA T I O N  I N  T H E  T W O  CI R CU M S T A N CE S .  P R E P A R E D  B Y  B .  B R O O K E S .  



 

 

The Broad Range of Compounds Affecting the Endocannabinoid 
System 

In the section “Expanded Definitions of Cannabinoids” in Chapter 11, it was pointed out that some 

researchers have expanded the meaning of cannabinoids to include not only the cannabinoids of 

the cannabis plant, the endocannabinoids of humans (and other animals), but also chemicals that 

do not directly interact with the endocannabinoid receptors but do influence endocannabinoid 

func- tion. Higher (flowering) plants do not have ECSs. However, a considerable number of 

chemicals produced by higher plants have been discovered to influence the CB receptors of 

humans (Gertsch et al. 2010). Anandamide, the first-discovered endocannabinoid in humans 

(Devane et al. 1992), critically affects brain functioning, and THC exerts its effects by substituting 

for it. Anandamide’s tone (functionality) is affected by N-linoleoylethanolamide and N-

oleoylethanolamide, which are found in a number of plants, most interestingly in cacao 

(Theobroma cacao L.), the source of choco- late, partially supporting the intuitive belief of many 

that the euphoric experiences from consum- ing chocolate and marijuana have some similarities 

(these chemicals do not directly affect the CB receptors but exemplify indirect effects). (The major 

endocannabinoid anandamide occurs in milk and therefore could be present in milk chocolate, 

but not in amounts that could produce observable psychotropic effects; Di Marzo et al. 1998). 

Gertsch et al. (2010) provide other examples of plant constituents that directly or indirectly affect 

CB receptors. These authors point out that THC is the most potent phytocannabinoid activator of 

the CB1 receptor yet discovered. 

Animals have chemicals that can influence ECSs of unrelated species. The stimulating mole- cules 

produced within a given species that regulate (activate or deactivate) its own ECS are in many 

cases capable of influencing the ECS of quite unrelated species. 

In addition to anandamide and 2-AG, the two well-known primary endocannabinoids, the human 

body produces a range of chemicals that on their own do not affect the CB receptors but boost 

the effects of anandamide and 2-AG (a demonstration of the “entourage effect” discussed 

previously in this chap- ter). Some endocannabinoid specialists include these chemicals under the 

term “endocannabinoid.” 

 

Effects of Cannabinoids on Nonendocannabinoid Physiological 
Systems 

“The current knowledge about cannabinoid receptors has been associated with mediating most of 

the psychoactive effects of marijuana, other neurobehavioral alterations, and the bulk of the 

cellular, biochemical, and physiological effects of cannabinoids” (Onaivi et al. 2005b). 

Nevertheless, while the ECS appears to be the primary way that cannabinoids directly exert 

physiological effects in humans, cannabinoids also affect other (“off target”) receptor systems 

(particularly vanilloid recep- tors). The receptor TRPV1, known for reacting to capsaicin, the active 

ingredient of chile pepper, also responds to anandamide and CBD, although not to THC (Cabral et 

al. 2015). As noted earlier, it has been proposed to be part of the ECS. 



 

 

Cannabinoids can also influence metabolism through nonreceptor mechanisms. Cannabis sativa 

and several of its cannabinoids have been shown to be antibacterial (Ferenczy et al. 1958; Kabelik 

et al. 1960; Radosevic et al. 1962; Gal and Vajda 1970; Farkas and Andrassy 1976; Van Klingeren 

and Ten Ham 1976; ElSohly et al. 1982; Appendino et al. 2008). Cannabinoid acids (precursors of 

the neutral cannabinoids) have been demonstrated to be antibiotic and were employed in 

veterinary medicine in Czechoslovakia in the 1960s (Izzo et al. 2009). 

 

Medical Importance of the Endocannabinoid System 

The ECS is of critical importance to comprehension of the value of medical marijuana. It is of para- 

mount importance to human physiology and welfare, regulating numerous life-sustaining 

functions such as memory, perception, feeding behavior, digestion, blood pressure, body 

temperature, fertility, bone density, and disease resistance. The enthusiasm that many medical 

researchers are currently displaying for the significance of the ECS can scarcely be exaggerated. Di 

Marzo (2008a) stated, 

 “Perhaps no other signalling system discovered during the past 15 years is raising as many 

expecta- tions for the development of new therapeutic drugs encompassing such a wide range of 

potential strategies for treatments.” Russo (2004b) suggested that endocannabinoid deficiency 

accounts for therapeutic benefits of cannabis in migraine, fibromyalgia, irritable bowel syndrome, 

and other treatment-resistant conditions, a hypothesis supported by Smith and Wagner (2014). 

Robson (2014) concluded that “The endocannabinoid system has emerged as an important physi- 

ological system and plausible target for new medicines. Its receptors and endogenous ligands play 

a vital modulatory role in diverse functions including immune response, food intake, cognition, 

emo- tion, perception, behavioural reinforcement, motor co-ordination, body temperature, 

wake/sleep cycle, bone formation and resorption, and various aspects of hormonal control. In 

disease it may act as part of the physiological response or as a component of the underlying 

pathology.” McPartland et al. (2014) reviewed the literature, confirming that human ECS 

deficiencies have been implicated in schizophrenia, migraine, MS, Huntington’s disease, 

Parkinson’s disease (PD), irritable bowel syndrome, anorexia, and chronic motion sickness. Pacher 

et al. (2006) observed that because the ECS has indeed been found to be altered in diseases such 

as MS, spinal cord injury, neuropathic pain, cancer, atherosclerosis, stroke, myocardial infarction, 

hypertension, glaucoma, obesity, and osteoporosis, it is appropriate to search for new therapeutic 

strategies aimed at restoring normal system functionality. Among the new medications 

anticipated are analgesics, antiallergens, antide- pressants, antiemetics (preventatives of nausea 

and vomiting), anti-inflammatories, antineoplastics (to inhibit or prevent tumors or malignant 

cells), appetite modulators, bronchodilators, immunosup- pressants, muscle relaxants, and 

neuroleptics (antipsychotic or anesthetic drugs). 

 

 

 



 

 

Yazulla (2008) wrote, “There is great interest in endocannabinoids for their role in neuroplasticity 

[the capacity of the nervous system to develop new nerve cell connections, allowing the brain to 

compensate for injury and disease and to adjust activities in response to new situations or 

environmental changes] as well as for therapeutic use in numerous conditions, including pain, 

stroke, cancer, obesity, osteoporosis, fertility, neurodegenerative diseases, MS, glaucoma and 

inflammatory diseases, among others.” Pacher and Kunos (2013) stated, “the endocannabinoid 

system holds therapeutic promise for a broad range of diseases, including neurodegenerative, 

cardiovascular and inflammatory disorders; obesity/metabolic syndrome; cachexia (wasting 

syndrome); chemotherapy-induced nausea and vomiting; and tissue injury and pain, amongst 

others. However…a better understanding of the pathophysiological role of the endo- cannabinoid 

system is required to devise clinically successful treatment strategies.” 

 

Extensive Activity of the Endocannabinoid System Limits 
Targeted Therapy 

“The broad spectrum activity of the endocannabinoid signalling in the central nervous system is… 

the main risk in the development of novel therapies based on this system, as it may be difficult to 

find pharmacological approaches for a specific disorder that do not affect other brain processes 

and pro- duce important side effects” (Fernández-Ruiz et al. 2014a; cf. Di Marzo 2009). This 

problem is illus- trated, as discussed later, by the commercial development of the CB1 receptor 

antagonist rimonabant for weight control, which had to be discontinued because of unacceptable 

side effects. “Compared to other neuroactive compounds, cannabinoids are exceedingly 

pleiotropic in their activity, while their receptors are part of complex neural webs whose 

manipulation is difficult to predict in terms of in vivo effects. Although the debacle of the CB1 

inverse agonist rimonabant well exemplifies these difficulties, further investigations in this 

exciting field are strongly needed” (Appendino et al. 2009). 

 

EVOLUTION OF THE ENDOCANNABINOID SYSTEM AND 
POTENTIAL FOR NONHUMAN PATIENTS 

Cannabinoids from cannabis are not only of actual and potential medical value to humans but may 

be useful for veterinary treatment of other animals. Assessment of this possibility requires 

clarification of the evolution of the cannabinoid system among living things. As noted previously, 

Cannabis cannabinoids can influence metabolism without affecting cannabinoid receptors, but in 

the main, their value is pre- sumed to be determined by their influence on these receptors. 

Accordingly, the presence of cannabinoid receptors in species determines at least in substantial 

part the potential value of cannabinoids to them. 

Endocannabinoid-like molecules are synthesized in many plants and animals, indicating that the 

ability to manufacture them likely arose very early in evolution, possibly in the common ancestor 

of plants and animals (Elphick and Egertová 2001, 2015).  



 

 

Pacioni et al. (2015) found anandamide in truffles, members of the ascomycete fungal group. 

However, the capacity to employ such molecules in con- junction with receptors is restricted to 

certain groups of species.  

Insects, the largest group of animals, lack endocannabinoid receptors, although some, such as the 

fruit fly (Drosophila melanogaster) and the honey bee (Apis mellifera), can synthesize the 

endocannabinoids anandamide and 2-AG (McPartland et al. 2001; Jeffries et al. 2014). Facetiously, 

it seems, therefore, that insects are unable to become intoxi- cated by THC (Figure 13.21). 

Endocannabinoid receptors appear to be confined to a large, advanced lineage of animals termed 

the “deuterostomes” (formally termed Deuterostomia), which includes some invertebrates, such 

as sea squirts and nematodes, and the vertebrates—amphibians, birds, fish, mam- mals, and 

snakes (Elphick and Egertová 2001; McPartland 2006; McPartland et al. 2006; Elphick 2012). It 

would seem therefore that all deuterosomes could get high on marijuana (Figure 13.22). 

Molecular (nucleic acid) coding for  the CB1  and CB2 receptors is thought to have  originated  by 

an evolutionarily ancient duplication of a common ancestral gene (Cottone et al. 2013). Some 

primitive organisms, including sea squirts (such as Ciona intestinalis), have been found to pos- sess 

this presumed ancestral gene, and their ancestry suggests that it evolved about 600 million years 

ago (MYA) (Viveros et al. 2008). Some primitive deuterosomes have just one receptor, which is 

genetically only partly homologous to human receptors. McPartland and Guy (2004b) 

 

 

 

F I G U R E  1 3 . 2 1  T H E  H O O K A H - S M O K I N G  CA T E R P I L LA R  F R O M  LE W I S  CA R R O LL ’ S  A L I CE ’ S  A D V E N T U R E S  I N  

W O N D E R LA N D .   S O M E  H A V E  CO N T E N D E D  T H A T  CA R R O L L  I N T E N D E D  T O  S U G G E S T  T H A T  T H E  H O O K A H  C O N T A I N E D  

CA N N A B I S ,  B U T  T H I S  S E E M S  V E R Y  U N LI K E LY .  I N  A N Y  E V E N T ,  A S  N O T E D  I N  T H E  T E X T ,  I N S E CT S  LA CK  CA N N A B I N O I D  

R E CE P T O R S  A N D  A R E  P R E S U M E D  T O  B E  U N A B LE  T O  B E CO M E  I N T O X I CA T E D  B Y  S M O K I N G  CA N N A B I S  D R U G S .  

D R A W I N G  B Y  J O H N  T E N N I E L ,  P U B L I S H E D  I N  CA R R O L L ,  L . ,  A L I CE ’ S  A D V E N T U R E S  I N  W O N D E R L A N D ,  M A CM I L LA N ,  

LO N D O N ,  1 8 6 5 .  CO LO R E D  B Y  M R W A LLE T P A N T S  ( CC  B Y  2 . 0 ) .  



 

 

 

 

 

Gertsch et al. (2010) speculated that dietary contact with phytocannabinoids during mammalian 

evolution may have played a beneficial role in adapting species for survival. McPartland and Guy 

(2004a) extensively examined adaptive and coevolutionary hypotheses between humans and 

plant constituents that affect the human ECS. DiPatrizio and Piomelli (2012) hypothesized that the 

endo- cannabinoids play a critical role, in mammals at least, in providing a pleasure response to 

eating sweet and fatty food and thus were evolutionarily critical in accumulation of food energy 

for survival. 

 

 

 

 

 

F I G U R E  1 3 . 2 2  V E R T E B R A T E  A N I M A LS  A S  P I CT U R E D  H E R E  H A V E  B E E N  S H O W N  T O  P O S S E S S  CA N N A B I N O I D  

R E CE P T O R S  A N D  T H E R E F O R E  P R E S U M AB LY  CA N  B E C O M E  H I G H  F R O M  M A R I J U A N A .  M O R E  I M P O R T A N T LY ,  T H E I R  

I LLN E S S E S  A R E  P O T E N T I A L LY  T R E A T -  A B LE  W I T H  CA N N A B I N O I D S .  P R E P A R E D  B Y  B .  B R O O K E S .  ( CF .  M CP A R T LA N D  

2 0 0 4 )  CO N CLU D E D  T H A T  ( 1 )  E N D O CA N N A B I N O I D S  E V O LV E D  B E F O R E  CB  R E CE P T O R S ,  P E R H A P S  2 0 0 0  M Y A ;  ( 2 )  T H E Y  

E V O LV E D  I N D E P E N D E N T L Y  M U LT I P LE  T I M E S ;  ( 3 )  T H E  P R I M O R D I A L  CB  R E CE P T O R  P R O B A B LY  E V O LV E D  A B O U T  7 9 0  

M Y A ;  ( 4 )  T H E  CB 1 – CB 2  D U P L I CA T I O N  E V E N T  O CCU R R E D  E I T H E R  P R I O R  T O  T H E  O R I G I N  O F  D E U T E R O S T O M E S  5 9 0  

M Y A  O R  P R I O R  T O  T H E  D I V E R G E N CE  O F  F I S H  A N D  H I G H E R  V E R T E B R A T E S  4 0 0  M Y A ;  A N D  ( 5 )  T H E  V A N I L LO I D  

R E CE P T O R  M A Y  P R E D A T E  CB  R E CE P T O R S  B U T  I T S  A F F I N I T Y  F O R  A N A N D A M I D E  I S  A  R E CE N T  A C Q U I -  S I T I O N ,  

E V O LV I N G  A F T E R  T H E  A P P E A R A N CE  O F  M A M M A LS  3 0 0  M Y A .  M CP A R T LA N D  E T  A L .  ( 2 0 0 7 A )  P R O P O S E D  T H A T  

CA N N A B I N O I D  R E CE P T O R S  I N I T I A LLY  C O E V O LV E D  W I T H  A  F A T T Y  A CI D  E S T E R  L I G A N D  S I M I LA R  T O  A N A N D A M I D E  I N  

A N CE S T R A L  M E T A Z O A N S ,  A N D  A F F I N I T Y  F O R  A E A  E V O LV E D  LA T E R .  M CP A R T LA N D  E T  A L .  ( 2 0 0 7 B )  F O U N D  T H A T  T H E  

CA N N A B I N O I D  S Y S T E M  E V O L V E S  CO N S E R V A T I V E LY ,  I N D I C A T I V E  O F  I T S  I M P O R T A N CE  F O R  S U R V I V A L.  



 

 

THE ENDOCANNABINOID SYSTEM IN RELATION TO THE LACK OF 
OVERDOSE MARIJUANA MORTALITY 

LD50  (Median  Lethal  Dose) 

In toxicology, the “median lethal dose,” LD50 (“lethal dose, 50%”), is the relative amount required 

to kill half the members of a tested population after a specified period. The LD50 is a standard 

measurement of acute toxicity, widely employed to indicate how dangerous (or innocuous) a drug 

or substance is. Clarke and Pate (1994) stated that the LD50 “for orally ingested THC is approxi- 

mately 1 g/kg of body weight. Simply interpreted, this means an average sized human would have 

to consume 50–100 g of pure THC to reach the LD50 level. Since high-potency Cannabis contains 

approximately 10% THC, a person would have to eat at least 500–1000 g of this marijuana before 

having a 50% chance of death.” Annas (1997) estimated that the LD50 for marijuana is around 

1:20,000 to 1:40,000, which would require smoking about 680 kg (1500 pounds) in 15 minutes. 

  

Therapeutic Index 

The therapeutic index (TI; also called the therapeutic window, safety window, and therapeutic 

ratio) is a comparison of therapeutic to toxic effects (the latter measured by the LD50, described 

previ- ously). Clarke and Pate (1994) noted that “even accounting for pyrolytic decomposition and 

smoke loss, there is a several-thousandfold difference between an effective dose of THC and a 

potentially lethal one!” Loewe (1946) compared the ratio at which THC caused psychoactivity in 

mice to the LD50 (i.e., the TI of THC) and determined the TI to be 40,000:1. In comparison, the TI 

of mor- phine is 70:1, the TI of ethanol is 10:1, and the TI of digoxin is 2:1. Other common 

nonprescription drugs, such as aspirin, have similar relatively narrow margins of safe use. (Note in 

the discussion of “Dabbing” in Chapter 12 that this innovation facilitates overdosing.) 

 

Comparative Overdose Lethality of Cannabis and Other Drugs 

The safety margin of crude marijuana, at least in the short-term, is impressive compared to other 

causes of mortality (Table 13.1). There is no authenticated example of death directly from an 

overdose of marijuana (Gable 2006). “Fatal overdose with cannabis alone has not been reported” 

(Grant et al. 2012). By contrast in the United States, the prescription drug mortality rate is higher 

than the death rate from illicit drugs combined, and drug overdose mortality exceeds mortality 

from motor vehicle accidents (ASTHO 2008). (It should be kept in mind that potentially deadly 

pharmaceuticals frequently are also lifesavers; aspirin kills hundreds in the United States annually, 

but probably saves hundreds of thousands.) 

 



 

 

 

Source: Based on Drug Wars Facts, http://www.drugwarfacts.org/cms/Causes_of_Death. 

Note: Drug-induced death categories are in bold (diseases due to smoking also represent a form of 

voluntary drug-induced mortality). 

a COPD, chronic obstructive pulmonary disease. 

b However, coroners occasionally rule that deaths are due to cannabis consumption. In Britain, 

Official British government statistics listed five deaths from cannabis in the period 1993–1995, 

although the House of Lords Select Committee on Science and Technology (1998) reported that 

they had died of inhalation of vomit, not directly from cannabis. Possibly thousands have died 

indirectly by associating with the illegal cannabis trade. 

 

 

 

 

 

 



 

 

Until recently, the term “opioids” designated synthetic (chemically synthesized) molecules that 

emulate the natural opium alkaloids from the opium poppy plants. Today, the word “opioids” usu- 

ally also refers to any of (1) natural narcotic alkaloids (“opiates”) from the opium poppy plant, 

(2) “semisynthetics”—the natural alkaloids that have been chemically transformed (heroin is 

trans- formed opium), and (3) chemicals that are entirely synthesized but have similar structures 

and effects to natural opiates. 

Opioid drugs (especially prescription analgesics, such as oxycodone, hydrocodone, and metha- 

done) represent a principal cause of drug overdose deaths. In the United States, in 2013, there 

were 16,235 deaths involving prescription opioids, as well as 8257 heroin-related deaths, making 

opioids the leading cause of combined legal and illegal drug-induced deaths (Table 13.1). There 

are numer- ous opioid receptors in the brainstem, which controls breathing, so opioid drugs have 

high potential to stop respiration. By contrast, although there are cannabinoid receptors in the 

brainstem, there are none in the medullary respiratory centers, contributing to the relative safety 

of cannabis, at least with respect to the possibility of suppression of breathing. 

This section should not be misinterpreted to imply that cannabis is necessarily safe, since long- 

term recreational consumption has been associated with several hazards (Chapter 12) and 

medical usage also requires cautions (discussed in this chapter). Although it is often said that 

marijuana has never killed anyone, this is not quite true, since simple association with the drug 

may indirectly be fatal. One of the more gruesome illustrations of this is the practice of “body 

packing” marijuana in the colon, recorded several times in Jamaica for the purpose of smuggling. 

This has led to colonic perforation and death (Cawich et al. 2010). However, “There is insufficient 

evidence…to assess whether the all-cause mortality rate is elevated among cannabis users in the 

general population” (Calabria et al. 2010). 

 

CANNABINOIDS AS A POSSIBLE BASIS FOR ELIMINATING THE 
NEED FOR HERBAL MEDICAL MARIJUANA 

In criticizing crude marijuana, Bostwick (2012) stated, “Exogenous plant-derived THC is a sledge- 

hammer compared with anandamide’s delicate chisel, the former causing marked disruption of 

neuronal signaling and circuit dynamics in the finely tuned endogenous system” and “Recently, 

researchers have stated that the power of new pharmacologic products will obviate the need for 

botanical cannabis.” Certainly, the growing knowledge of how particular cannabinoids (in the 

broadest sense) affect the ECS specifically and the body’s metabolism in general is likely to lead to 

the development of pharmaceuticals precisely keyed to given illnesses. Nevertheless, as noted 

previ- ously, the value of medicinal herbal preparations is too readily dismissed by much of the 

medical profession. 

 



 

 

MEDICAL CONDITIONS FOR WHICH CANNABIS HAS OR MAY 
HAVE VALUE 

As noted earlier, cannabis (broadly interpreted here as including herbal marijuana, extracted can- 

nabinoids, and synthetics) has a very long history of medical applications. Notwithstanding this 

record, at the present time, medical usage of marijuana requires reexamination in the light of 

present medical knowledge. Indeed, although by no means have the possible medical applications 

of can- nabis been adequately examined, although a mountain of recent information has been 

accumulated. PubMed (short for Public Medicine) is a massive online guide to publications in 

biomedical and life science publications, the most important comprehensive indexing of the 

world’s medically signifi- cant professional literature. In early 2015, a PubMed search for scientific 

journal articles published in the last 20 years containing the word “cannabis” produced almost 

9000 articles. Adding the word “cannabinoid” increased the number of publications to about 

21,000. Over 95% of these deal directly or indirectly with medical aspects of cannabis. In recent 

years, thousands of such publica- tions have appeared annually. Marijuana affects virtually every 

organ system of the body (Yazulla 2008), so it is not surprising that the literature on medicinal 

aspects of marijuana is extremely extensive, indeed rather overwhelming. The medical literature 

on cannabis expresses a wide range of judgments on the relative value and harm of cannabis for 

various conditions, indicative of the fact that there is not yet a medical consensus regarding its 

values. 

As noted by Gordon et al. (2013), “The peer reviewed literature is the most objective means to 

examine purported and realized health effects of marijuana.” The following presentation cites and 

often quotes the conclusions and evaluations of key publications and comprehensive recent 

reviews (frequently meta-analyses, i.e., overviews of previous studies) of the value of cannabis, 

particularly its components, for treating illnesses often claimed to be improved by herbal 

marijuana or cannabinoids. Lambert (2007) stated, “Based on the diverse components of the 

endocannabinoid system and taking into account the wide distribution of the molecular targets, a 

therapeutic endocannabinoid- based strategy could be useful in numerous and diverse 

pathological conditions: mood and anxiety disorders, movement disorders such as Parkinson’s and 

Huntington’s diseases, inflammatory and neuropathic pains, multiple sclerosis and spinal cord 

injury, cancer, atherosclerosis and cardiovascu- lar diseases, stroke, glaucoma, obesity and 

metabolic syndrome, addictions (tobacco, alcohol, drug of abuse), and osteoporosis are among 

the most cited in the literature.” Grotenhermen (2003) noted that “Properties of cannabis that 

might be of therapeutic use include analgesia, muscle relaxation, immunosuppression, sedation, 

improvement of mood, stimulation of appetite, antiemesis, lowering of intraocular pressure, 

bronchodilation, neuroprotection and induction of apoptosis in cancer cells.” Ware et al. (2005), 

based on a survey of about 3000 patients in the United Kingdom, found the following frequencies 

of usage: chronic pain, 25%; MS, 22%; depression, 22%; arthritis, 21%; and neuropathy (peripheral 

nerve problems, often causing weakness, numbness, and pain, usually in the hands and feet), 

19%. Walsh et al. (2013), on the basis of a survey of 628 Canadians, found that patients most 

commonly reported using cannabis to treat symptoms associated with sleep, pain, and anxiety. 

That is, most patients employ medical marijuana for symptomatic relief of pain and physi- cal 



 

 

discomfort. (Note that “patients” in such surveys self-identify as such but often self-medicate 

without guidance by medical professionals.) 

The Canadian regulations on “access to cannabis for medical purposes,” established by Health 

Canada in July 2001, recognized two categories of patients eligible for medical cannabis. Category 

1 required at least one of the following symptoms: severe pain and/or persistent muscle spasms 

from MS, from a spinal cord injury, from spinal cord disease; severe pain, cachexia, anorexia, 

weight loss, and/or severe nausea from cancer or HIV/AIDS infection; severe pain from severe 

forms of arthritis; or seizures from epilepsy. 

Category 2 covered debilitating symptom(s) of medical condition(s), other than those described in 

Category 1. In theory, the range of symptoms listed allowed considerable latitude for physicians to 

prescribe cannabis. 

 

Alzheimer’s disease and other forms of Dementia 

Dementia refers to pathological decline in mental abilities, including memory, thinking, and social 

skills severe enough to interfere with daily functioning. Walther and Halpern (2010) provided the 

following summary of dementia: “The prevalence rates vary among the different types of 

dementia. Alzheimer’s disease is the most common dementia, accounting for 50%–60% of all 

cases. Prevalence rates increase with age. In Parkinson’s disease the risk for developing dementia 

is increased six-fold. Approximately 30% of stroke survivors develop post-stroke dementia. Far 

lower prevalence rates are documented for Huntington’s disease, which is frequently associated 

with dementia.” 

Alzheimer’s disease is characterized by a progressive deterioration of cognition and memory 

because of deposition of protein plaques in the brain that apparently interfere with 

communication among brain cells. The disease is correlated with inflammation and death of 

neurons. No effective treatments are available. Fagan and Campbell (2015) noted that 

“Alzheimer’s disease (AD) is a complex age-related neurodegenerative disease characterized by 

the progressive loss of memory and cognitive function. Approximately 36 million people 

worldwide suffer from AD and, with an increasingly aged global population, that number is 

estimated to triple by 2050. Symptoms of the disease include memory loss, difficulty with abstract 

thinking and completing familiar tasks, confu- sion, spatial and temporal disorientation, problems 

with speech, and altered mood. Deterioration in the health of patients with AD leads to death 

within three to nine years.” 

Because endocannabinoids are established to be important in brain function, there has been 

interest in exploring the possible therapeutic role of cannabis (Bonnet and Marchalant 2015). 

Eubanks et al. (2006) noted that “THC and its analogues may provide an improved therapeutic for 

Alzheimer’s disease.” Ramírez et al. (2005) found indications that “cannabinoid receptors are 

important in the pathology of AD and that cannabinoids succeed in preventing the neurodegen- 

erative process occurring in the disease.” González-Naranjo et al. (2013) observed that because 

Alzheimer’s is multifaceted, cannabis may be advantageous in therapeutically addressing different 

aspects.  



 

 

In this vein, Bedse et al. (2015) stated, “The endocannabinoid (eCB) system appears to be a 

promising therapeutic target as it has the ability to modulate a range of aspects of AD pathology. 

At a first glance, it is striking that cannabinoids like delta-9-tetrahydrocannabinol (Δ9-THC), known 

to impair memory, could be beneficial in AD. However, augmentation of eCB signaling could 

reduce excitotoxicity, oxidative stress, and neuroinflammation and thus could alleviate symptoms 

of AD.”  

Although cannabinoids have been hypothesized to have value for treating brain aging, authorita- 

tive confirmation of this has not been obtained (Campbell and Gowran 2007; Krishnan et al. 2009; 

Walther and Halpern 2010). Fernández-Ruiz et al. (2014b) stated, “Based on the potential shown 

by Δ9-THC and CBD in experimental AD, the combination of both phytocannabinoids (i.e., Sativex) 

may be useful for the treatment of AD patients…the only clinical studies performed so far have 

been a small number that used dronabinol, an oil-based solution of synthetic Δ9-THC, which was 

found to ameliorate only some AD-related symptoms.” Similarly, Fagan and Campbell (2015) com- 

mented, “targeting this system has become a viable therapeutic approach for AD but further 

clinical studies elucidating the efficacy of cannabinoid treatment are required.” 

 

Amyotrophic Lateral Sclerosis (Lou Gehrig’s disease) 

Amyotrophic lateral sclerosis (ALS; also known as motor neuron disease) is an uncommon, pro- 

gressive, incurable condition that kills nerve cells in the brain and spinal column, paralyzing and 

ultimately killing the patient. Symptoms include stiff muscles, muscle twitching, and weakness 

asso- ciated with muscle wasting, and eventually difficulty speaking, swallowing, and breathing, 

usually resulting in death in three or four years. ALS is the third most common neurodegenerative 

disorder after Alzheimer’s disease and Parkinson’s disease. It occurs in about one person in 

400,000 and is somewhat more prevalent in males. One form of the disease (familial ALS), 

responsible for 5%–10% of cases, is due to mutation in specific genes, at least 15 of which have 

been identified. It is suspected that numerous factors other than (just) mutative causative genes 

are involved in the remaining cases. Carter and Rosen (2001) stated that marijuana should be 

considered in the pharmacological management of ALS because it has properties that may be 

therapeutic for this disease, includ- ing analgesia, muscle relaxation, bronchodilation, saliva 

reduction, appetite stimulation, and sleep induction, as well as strong antioxidative and 

neuroprotective effects, which might prolong neuronal cell survival. Weber et al. (2010) noted 

that “many patients with ALS experience cramps during the course of the disease but so far, none 

of the medications used has been of proven benefit” and in an experimental study found that THC 

did not provide relief for patients. Carter et al. (2010) noted that “Based on the currently available 

scientific data, it is reasonable to think that cannabis might significantly slow the progression of 

ALS, potentially extending life expectancy and substantially reducing the overall burden of the 

disease.” De Lago et al. (2015) stated that “cannabinoid medi- cines may serve as novel therapy 

able to delay/arrest neurodegeneration in ALS.” Chiurchiù et al. (2015) stated, “there is increasing 

evidence that cannabinoids and manipulation of the cannabinoid system may have therapeutic 

value in ALS.” Nevertheless, Fernández-Ruiz et al. (2014b) concluded that “too few clinical data 

have yet been generated to allow any firm conclusions to be drawn.” 



 

 

Anorexia and Appetite Loss 

Anorexia refers to loss of appetite (or more technically as loss of desire to eat despite caloric 

depriva- tion), which may be due to physical and/or psychological causes. The condition is a side 

effect of many chemotherapy agents and a component of cancer and AIDS pathophysiology. 

Anorexia nervosa is a psychological aversion to eating, often coupled with a distorted self-image 

and extreme desire to be thin, much more common in women as a result of pressures on females 

to be slim in Western culture. The disease is dangerous as it often leads to starvation. Cachexia 

(also known as wasting syndrome) is progressive, involuntary, extreme weight loss associated with 

chronic wasting disorders. Patients suffering from advanced stages of cancer or HIV infection 

often exhibit progressive weight loss, often exacerbated by chronic diarrhea. “Anorexia, early 

satiety, weight loss and cachexia are prevalent in late stage cancer and advanced HIV disease, but 

there are few effective treatments” (Grant et al. 2012). “Endocannabinoids and endocannabinoid-

related compounds are involved in food-related reward and suggest a dysregulation of their 

physiology in anorexia nervosa” (Monteleone et al. 2015). Cannabis has been shown to stimulate 

appetite, as well as reduce associated nausea and vomiting. Dronabinol (synthetic THC) therapy 

was found to be of some value in treating the condi- tion (Andries et al. 2014). Cristino and Di 

Marzo (2014) concluded, “much progress has been made in the understanding of the mechanisms 

through which Δ9-THC affects food intake and energy metabolism [but] the application of this 

knowledge to the development of novel, efficacious and safe treatments for cachexia and, 

particularly, anorexia, has unfortunately lagged behind.” 

 

Arthritis and Rheumatism 

Arthritis refers to any of over 100 forms of joint inflammation. The most common type is osteo- 

arthritis, a degenerative disease resulting from wear-and-tear damage to cartilage covering bones 

in joints, especially related to the hands, hips, knees, and spine. As with many diseases, should it 

prove that deficiencies in the ECS are partly responsible, supplying cannabinoids might alleviate 

the condition. La Porta et al. (2014) stated, “Currently, the therapeutic approaches for 

osteoarthritis are limited as no drugs are available to control the disease progression and the 

analgesic treatment has restricted efficacy. Increasing evidence from preclinical studies supports 

the interest of the endocannabinoid system as an emerging therapeutic target for osteoarthritis 

pain… The ubiquitous distribution of cannabinoid receptors, together with the physiological role 

of the endocannabinoid system in the regulation of pain, inflammation and even joint function 

further support the therapeu- tic interest of cannabinoids for osteoarthritis. However, limited 

clinical evidence has been provided to support this therapeutic use of cannabinoids, despite the 

promising preclinical data.” 

Rheumatism refers to diseases characterized by inflammation and pain in the joints, muscles, or 

fibrous tissue, especially rheumatoid arthritis, a chronic progressive disease producing inflamma- 

tion in the joints and resulting in painful deformity and immobility, especially in the fingers, wrists, 

feet, and ankles.  



 

 

Rheumatoid arthritis is an autoimmune disease—caused by the immune system inappropriately 

attacking the lining of the joints. It affects joints symmetrically—on both sides of the body—while 

osteoarthritis typically affects one side, for example, one knee or hand. The hope has been that 

cannabis, through the ECS, could alleviate the inflammation and pain (via the CB1 receptors) as 

well as reduce the counterproductive immune activity (via the CB2 receptors) associ- ated with 

rheumatoid arthritis. 

Fitzcharles et al. (2014) offered the following comments with respect to the use of herbal can- 

nabis for the treatment of rheumatic diseases: “Available drugs generally offer a modest effect 

only… It is therefore understandable that patients will continue to seek other remedies to reduce 

symptoms. Rheumatic disease patients commonly use complementary and alternative medicine, 

and with increasing advocacy for legalization of herbal cannabis as a recreational drug, cannabis 

may be perceived as a safe treatment option… Medical marijuana has…never been recommended 

by any rheumatology group worldwide for symptom relief in rheumatic conditions… To date, 

there is no formal study examining the efficacy or adverse effects of herbal cannabis in rheumatic 

dis- eases… Taking all factors into consideration, health care professionals should currently 

dissuade rheumatology patients from using herbal cannabis as a therapy.” Echoing this viewpoint, 

Kalant (2015) commented, “the efficacy and safety of cannabis have not yet been demonstrated 

in well- designed clinical trials in patients with chronic rheumatic and arthritic conditions.” Noting 

that “severe arthritis” is the most common reason that Canadians are authorized to possess 

medicinal herbal cannabis, Fitzcharles (2015) commented, “Preclinical animal studies as well as 

studies of osteoarthritis and rheumatoid arthritis joints provide evidence that the 

endocannabinoid system is locally activated in response to pain stimuli in arthritis, and functions 

as a pain modulator…it is understandable that cannabinoids have a potential for therapeutic 

relief, thereby calling for more scientific study of the effects of herbal cannabis in rheumatic 

conditions. The scientific research has, however, not yet translated into clinical application.” 

However, Blake et al. (2006) found that Sativex, described in the preceding discussions, signifi- 

cantly alleviated pain from rheumatoid arthritis. “In rheumatoid arthritis a significant reduction in 

disease activity was…noted, which is consistent with pre-clinical work demonstrating that canna- 

binoids are anti-inflammatory” (Lynch and Campbell 2011; cf. Lynch and Ware 2015). Dunn et al. 

(2012) commented, “Cannabinoids have been shown to reduce joint damage in animal models of 

arthritis.” Gui et al. (2015) noted, “Increasing evidence suggests that the endocannabinoid system, 

especially cannabinoid receptor 2 (CB2), has an important role in the pathophysiology of 

rheumatoid arthritis… In particular, specific activation of CB2 may relieve rheumatoid arthritis.” 

 

Brain Injury 

Traumatic brain injury refers to brain dysfunction caused by an outside force, usually a violent 

blow to the head, but not infrequently caused by an object penetrating the skull, such as a bullet. 

Mild injury may temporarily disrupt brain cells, but serious traumatic brain injury can result in 

long-term complications or death. “Traumatic brain injury (TBI)…affects an estimated 1.7 million 

people per year in North America.  



 

 

TBI patients often contend with persistent challenges including problems with learning and 

memory…studies suggest that the activation of the cannabinoid 1 receptor after a traumatic brain 

injury could be beneficial” (Arain et al. 2015). 

“Traumatic brain injury (TBI) represents the leading cause of death in young individuals. It trig- 

gers the accumulation of harmful mediators, leading to secondary damage, yet protective mecha- 

nisms are also set in motion… There is a large body of evidence showing that endocannabinoids 

are markedly increased in response to pathogenic events. This fact, as well as numerous studies 

on experimental models of brain toxicity, neuroinflammation and trauma supports the notion that 

the endocannabinoids are part of the brain’s compensatory or repair mechanisms” (Shohami et al. 

2011). Nguyen et al. (2014) compared the mortality of patients who had suffered severe traumatic 

head (brain) injury in relation to analyses of presence or absence of THC in their urine when 

admitted to hospital. The results bordered on the incredible: patients who had been using 

marijuana survived 80% more often than those who had not! This seems to represent a 

neuroprotective effect related to components in marijuana, presumably at least in part related to 

the role of CB receptors in reduc- ing inflammation. With respect to brain injury associated with 

birth, Fernández-López et al. (2013) noted, “Numerous experimental studies have proven that the 

modulation of the endocannabinoid system…has beneficial effects during the acute and recovery 

phases after perinatal brain injury.” 

Similarly, Arain et al. (2015) commented, “studies provide strong support for the…therapeutic 

potential of modulating cannabinoid signaling to improve outcomes after a TBI.” 

 

Cancer 

Cancer includes a group of diseases characterized by abnormal cell multiplication and consequent 

tissue damage, often accompanied by metastasis—spreading of such activity to other parts of the 

body from the area of origin. Most cancers produce tumors, described as “malignant” in contrast 

to “benign” tumors, which are not metastatic. Noncancerous cells undergo genetically 

programmed cell death (apoptosis), the body’s way of regrowth and renewal. Malignant cells, 

however, have become mutated, escaping the gene control that prevented their continual 

division and unchecked development. Malignant growths are immortal (at least until their host 

dies or is cured), invading surrounding tissues, stimulating the production of blood vessels 

(angiogenesis) for their sustenance, and colonizing distant parts of the body. More than 14 million 

new cases of cancer and more than eight million deaths from cancer are reported annually on a 

world basis. Breast cancer represents about 30% of newly diagnosed cancers annually (Caffarel et 

al. 2010). Cancers may be caused by environmental factors such as chemicals, radiation, and 

infectious agents or can be the result of hereditary mutations. Cancer is the world’s leading cause 

of death (followed by heart disease and stroke) and has the largest economic impact from 

premature death and disability of all causes of death worldwide (John and Ross 2010). The U.S. 

National Cancer Institute (2015) maintains a web- site dedicated to information on the use of 

cannabis in the treatment of cancer. 

 



 

 

Almost a fifth of cancer mortality is due to smoking tobacco. However, as discussed earlier, claims 

that smoking marijuana produces cancer have limited validity. Zhang et al. (2015), based  on a 

statistical analysis of the pooled data for six case-controlled studies, concluded that there is “little 

evidence for an increased risk of lung cancer among habitual or long-term cannabis smok- ers, 

although the possibility of potential adverse effect for heavy consumption cannot be excluded.” 

Bowles et al. (2012) commented, “Medical cannabis remains a paradox in many ways. Cannabis 

smoke may be carcinogenic but it has been difficult to conclusively link cannabis use and cancer 

development epidemiologically, and cannabinoids have shown some promise as anti-cancer 

thera- pies.” Huang et al. (2015) indicated that while smoking has not been statistically linked to 

lung cancer, there may be linkages to other cancers. 

Marks et al. (2014) concluded that “The associations of marijuana use with oropharyngeal and 

oral tongue cancer are consistent with both possible pro- and anti-carcinogenic effects of cannabi- 

noids. Additional work is needed.” 

Massi et al. (2013) wrote: “Over the past years, several lines of evidence support an antitumouri- 

genic effect of cannabinoids including Δ9-tetrahydrocannabinol, synthetic agonists, endocannabi- 

noids and endocannabinoid transport or degradation inhibitors… Several cannabinoids have been 

shown to exert anti-proliferative and pro-apoptotic effects in various cancer types (lung, glioma, 

thyroid, lymphoma, skin, pancreas, uterus, breast, prostate and colorectal carcinoma) both in 

vitro and in vivo. Moreover, other antitumourigenic mechanisms of cannabinoids are currently 

emerging, showing their ability to interfere with tumour neovascularization, cancer cell migration, 

adhesion, invasion and metastasization.” 

Cannabinoids have been demonstrated in laboratory animals and cultures, and in some case 

reports in humans, to inhibit tumor growth or proliferation (Guzmán 2003; Caffarel et al. 2010; 

Guindon and Hohmann 2011; Abrams and Guzman 2014; Velasco et al. 2014; Solinas et al. 2015; 

Zogopoulos 2015), and these anticarcinogenetic effects have been widely and misleadingly 

employed in assertions that “marijuana cures cancer.” Romano and Hazekamp (2013) discussed 

claims that cannabis oil cures cancer. Fowler (2015) examined such claims and the resulting 

persuasion of many that cannabis is currently a validated therapy to reduce or eliminate cancers, 

permanently   or for some test period such as five years. He concluded that “the current 

preclinical data do not  yet provide robust evidence that systemically administered Δ9-THC will be 

useful for the curative treatment of cancer. There is more support for an intratumoral route of 

administration of higher doses of Δ9-THC. CBD produces effects in relevant concentrations and 

models, although more data are needed concerning its use in conjunction with other treatment 

strategies.” Kramer (2015) was of a similar viewpoint but nevertheless concluded, “cannabis and 

cannabinoid pharmaceuticals can be helpful for a number of problems, including many affecting 

patients with cancer.” THC has been demonstrated to promote apoptosis in malignant conditions, 

and “this is obviously a fertile area for further research” (Russo 2003a). There is near-unanimous 

agreement that cannabis has antitumor potential and deserves to be examined for the 

development of anti-cancer therapies (Sarfaraz et al. 2008). With respect to directly treating 

tumors of human patients, Cridge and Rosengren (2013) commented, “Overall, the cannabinoids 

may show future promise in the treatment of cancer, but there are many significant hurdles to 

overcome.” 



 

 

As noted later in the discussion of CBD, this cannabinoid appears to have particular promise for 

treating cancer. 

 

Brain cancer is a leading cause of cancer mortality, and “gliomas,” which include all tumors aris- 

ing from the gluey or supportive tissue of the brain, represent 30% of all brain tumors and 80% of 

all malignant tumors. Torres et al. (2011) found that THC had some effect on controlling cultured 

malig- nant gliomas. “Positive effects of cannabinoids in gliomas have attracted tremendous 

interest for the possibility that cannabinoids may serve as a novel form of chemotherapy for 

patients. However, the issue has progressed very slowly in the clinical area” (Fernández-Ruiz et al. 

2014a). Foroughi et al. (2011) discussed two cases of regression of gliomas, possibly related to 

consumption of marijuana. 

The main cancer-related therapeutic potential of cannabis at present seems to lie in alleviating 

the side effects and symptoms of cancer and its treatments. “The palliative effects of Cannabis 

sativa (marijuana), and its putative main active ingredient, Δ9-tetrahydrocannabinol (THC), which 

include appetite stimulation, attenuation of nausea and emesis associated with chemo- or radio- 

therapy, pain relief, mood elevation, and relief from insomnia in cancer patients, are well-known” 

(Pacher 2013). “Cannabinoids are well-known to exert palliative effects in cancer patients, and 

their best-established use is in the inhibition of chemotherapy induced nausea and vomiting” 

(Velasco et al. 2012; cf. Machado Rocha et al. 2008). 

On the whole, there is variable but enthusiastic support for the use of cannabis for aspects of 

cancer treatment. “The cannabinoids provide unquestionable advantages compared to current 

anti- tumoural therapies” (Bifulco et al. 2006). “Cannabinoids can palliate some cancer symptoms 

but  it is unclear how effective they are compared to or combined with conventional therapies, or 

even whether cannabis, purified cannabinoids, or synthetic cannabinoids are more effective” 

(Bowles et al. 2012). “Medicinal cannabis is an invaluable adjunct therapy for pain relief, nausea, 

anorexia and mood modification in cancer patients” (Ruchlemer et al. 2015). “In addition to 

treatment of nausea and anorexia, cannabinoids may be of benefit in the treatment of cancer-

related pain, possibly in a synergistic fashion with opioid analgesics” (Abrams and Guzman 2014). 

 

Cardiovascular Diseases 

“Heart disease” (understood to include blood vessel disease) is a leading killer of men and 

women, responsible for over 17 million deaths annually throughout the world. Major problems 

include coro- nary heart disease (heart attacks), cerebrovascular disease (stroke), raised blood 

pressure (hyperten- sion), peripheral artery disease, rheumatic heart disease, congenital heart 

disease, and heart failure. The ECS and especially CB1 receptors have important influences on 

heart function and blood circulation. “Activation of CB1 receptors in the brain induces 

cardiovascular stress response, which increases heart oxygen consumption and lowers blood flow 

through coronary arteries” (Fišar 2009a). Modulating the functions of the ECS is considered to 

have therapeutic potential for cardiovascular disorders (Cunha et al. 2011).  



 

 

As discussed later in the section on cautions regarding the medical uses of cannabis, marijuana 

consumption is accompanied by a small risk of precipitating adverse cardiovascular incidents in 

susceptible individuals. 

Russo (2015) reviewed cardiovascular risks of synthetic and natural cannabinoids and concluded: 

“To date, it appears that ultra-low THC and therapeutic phytocannabinoid dosing are 

cardioprotec- tive, while supra-therapeutic recreational doses pose cardiovascular risks, and 

hyper-CB1 stimula- tion by potent full agonists is distinctly dangerous to the heart. It remains for 

society to ascertain how science-based education may lower such risks and help potential 

consumers avoid a perilous misadventure in pharmacological roulette.” 

 

Atherosclerosis 

Atherosclerosis is a disease of the arteries characterized by the deposition of plaques of fatty 

mate- rial on their inner walls, leading to decreased blood flow. It causes heart attacks, stroke, 

and periph- eral vascular disease. “Atherosclerosis and its major acute complications, myocardial 

infarction and stroke, are the leading causes of death and morbidity worldwide… Growing 

evidence suggests that an overactive endocannabinoid-CB1 receptor signaling promotes the 

development of cardiovascular risk factors” (Steffens and Pacher 2015). “The precise role of 

endocannabinoid system in athero- sclerosis has not yet been fully recognized…cannabinoids can 

be linked…to useful effects on car- diovascular system, e.g., they have protective role in 

progression of atherosclerosis” (Fišar 2009a). 

 

Hypertension 

Hypertension (“high blood pressure”) refers to abnormally high arterial blood pressure. It can 

dam- age the arteries, brain (leading to strokes), heart (leading to heart attacks), eyes, kidneys, 

and other organs. “Endogenous cannabinoids have no distinguished function in cardiovascular 

regulations under normal conditions, but they are involved in cardiovascular regulation in 

hypertension when they may hold down elevating of blood pressure through activation of CB1 

receptors” (Fišar 2009a). 

 

Ischemia 

Ischemia refers to an inadequate blood supply to an organ or part of the body, especially the 

heart muscles. “Increasing of static heartbeat, as far as about 60% during first 30 minutes after 

smok- ing cannabis, can be dangerous for men with cardiovascular disorder. Effects of THC on 

cardio- vascular system are marked and are mediated largely by CB1 receptors in blood cells and 

heart… Cannabinoids may contribute to cardiovascular collapse connected with myocardial 

infarction” (Fišar 2009a). However, Rajesh et al. (2010) found that CBD has protective cardiac 

effects.  



 

 

Similarly, Waldman et al. (2013), based on a study of mice, found that “a single ultra-low dose of 

THC before ischemia is a safe and effective treatment that reduces myocardial ischemic damage.”  

With respect to stroke, Hillard (2008) commented: “Overall, the available data suggest that 

inhibition of CB1 receptor activation together with increased CB2 receptor activation produces 

beneficial effects” and “there is every reason to believe that the ECS contributes in some way to 

the injury produced by ischemia. In light of these facts, the lack of a clear picture of the precise 

role of this system, is on one hand, puzzling. The answer at the moment seems to be that we do 

not completely appreciate the complexity of ECS signaling and that its manipulation using global 

pharmacological approaches has led to incorrect conclusions. Future studies using more selective 

tools will certainly help to clarify this important and fascinating role of the ECS.” 

 

Diabetes 

Diabetes is a set of diseases in which high blood glucose (blood sugar) develops because insulin 

production is inadequate or because the body does not respond properly to insulin. Insulin is a 

hormone necessary to convert sugar, starch, and other foods into energy. In type 1 (once referred 

to as “juvenile diabetes,” affecting about 10% of diabetics), the pancreas does not produce 

enough insulin; in type 2 (once called “adult-onset diabetes”), the body’s ability to use insulin is 

defec- tive. “Most diabetic complications are associated with pathologic alterations in the vascular 

wall; the most common macrovascular complication of diabetes is atherosclerosis, which 

increases the risk of myocardial infarction, stroke, and peripheral artery disease… Diabetic 

complications have tremendous physical, emotional, and economic impact because diabetes is 

the leading cause of kidney failure, nontraumatic lower-limb amputation, and new cases of 

blindness among adults in the United States” (Horváth et al. 2012). Several hundred million 

people in the world suffer from diabetes. Obesity (discussed later) is the leading risk factor for 

insulin resistance. Poor eating habits are resulting in an increase in diabetes worldwide. 

Several studies have shown a correlation between cannabis use and insulin levels. Cannabinoid 

receptors are known to occur in the pancreas and to function in regulating glucose and insulin. An 

epidemiological study showed that smoking marijuana is associated with a two-thirds reduction of 

incidence of diabetes (Jancin 2010). Alshaarawy and Anthony (2015) commented. “Recently active 

cannabis smoking and diabetes mellitus are inversely associated… Current evidence is too weak 

for causal inference…on a possibly protective (or spurious) cannabis smoking-diabetes mellitus 

association suggested in prior research.” Frisher et al. (2010) noted, “Herbal cannabis use has 

been linked to harms and benefits for diabetic patients” and “The potential risks and benefits for 

diabetic patients remain unquantified at the present time. Cannabinoids appear to affect 

biochemical path- ways associated with diabetes but it is too early to say whether this will lead to 

new treatments.” Di Marzo (2008b) reported that CB1 receptor activation impairs plasma glucose 

clearance, while CB2 receptor activation promotes glucose clearance. Penner et al. (2013) 

observed lower fasting insulin levels in cannabis users. Also see the information presented later 

for CBD and THCV. 

 



 

 

Epilepsy 

Epilepsy, which affects about 1% of adults and 2% of children (Blair et al. 2015) and 65 million 

people worldwide (Rosenberg et al. 2015), is a serious disorder of the nervous system, caused by 

abnormal electrical activity in the brain, leading to periodic seizures or convulsions. Dravet syn- 

drome is a severe form of childhood epilepsy. Epilepsy is characterized either by mild, episodic 

loss of attention or sleepiness (petit mal) or by severe convulsions with loss of consciousness 

(grand mal). Williams et al. (2014) provide the following information: “Epilepsy is not a single 

disease, but encompasses a diverse family of disorders, all involving an abnormally increased 

predisposi- tion to seizures.” While there are dozens of drugs for epilepsy, “approximately 30% of 

the epileptic population experience intractable seizures regardless of antiepileptic drug 

treatments used.” “Of all patients with epilepsy, approximately 50% will ultimately become 

refractory to drug treatment.” “All existing antiepileptic drugs are associated with numerous side 

effects.” 

Friedman and Devinsky (2015) observed, “Patients need new treatments that control seizures and 

have fewer side effects. This treatment gap has led patients and families to seek alternative 

treatments. Cannabis-based treatment for epilepsy has recently received prominent attention in 

the lay press and in social media, with reports of dramatic improvements in seizure control in 

children with severe epilepsy. In response, many states have legalized cannabis for the treatment 

of epilepsy (and other medical conditions) in children and adults.” 

“Anecdotal evidence suggests that cannabis might have therapeutic value for epilepsy. In the 

fifteenth century, the epileptic son of a caliphate counsellor in Baghdad was treated with 

cannabis” (Mechoulam 1986). More recently, the use of cannabis in treating epilepsy came to 

widespread pub- lic attention when the CNN television network featured the successful treatment 

of Charlotte Figi, a five-year-old girl with epilepsy, with a CBD-rich strain of cannabis called 

Charlotte’s Web (Maa and Figi 2014; Lorentzos and Webster 2015). Her seizures, before 

treatment occurring every half hour, essentially ceased. Note the comments in the following 

regarding the value of CBD for epilepsy. 

Because the ECS inhibits electrical transmission, its potential role in serving to inhibit the unde- 

sirable electrical activity accompanying epilepsy seems promising. Hofmann and Frazier (2013) 

argued that the ECS has significant potential as a target for future development of antiepileptic 

therapies, based on three main contentions: “Endocannabinoid mediated systems are intimately 

involved in moment to moment regulation of neuronal excitability throughout many areas of the 

CNS. Significant aspects of endogenous cannabinoid signaling systems are altered in a wide range 

of epileptic conditions. External modulation of cannabinoid mediated systems can prevent or 

modu- late important aspects of epileptiform activity in a wide range of in vitro and in vivo 

models.” 

Blair et al. (2015) stated, “Basic scientific research studies that target different components of the 

brain ECS with specific pharmacological agents have shown great promise toward the devel- 

opment of novel therapeutic strategies for the control and possible prevention of epileptic seizure 

disorders.”  



 

 

Di Maio (2013) found evidence based on animal research that the CB1 receptor is a prom- ising 

target for research on epilepsy. However, Gloss and Vickrey (2012) and Koppel et al. (2014) 

concluded that cannabis is of unknown efficacy in treating the symptoms of epilepsy. Rosenberg  

et al. (2015) reviewed the literature relating cannabis and epilepsy and stated, “For over a millen- 

nium, pre-clinical and clinical evidence have shown that cannabinoids such as CBD can be used to 

reduce seizures effectively, particularly in patients with treatment-resistant epilepsy. However, 

many questions still remain…regarding the mechanism, safety, and efficacy of cannabinoids in 

short- and long-term use.” Reddy and Golub (2016) commented, “CBD is anticonvulsant, but it has 

a low affin- ity for the cannabinoid CB1 and CB2 receptors; therefore the exact mechanism by 

which it affects sei- zures remains poorly understood. A rigorous clinical evaluation of 

pharmaceutical CBD products is needed to establish the safety and efficacy for the treatment of 

epilepsy. Identification of mechanisms underlying the anticonvulsant efficacy of CBD is 

additionally critical to identify other potential treat- ment options.” Tzadok et al. (2016) surveyed 

74 children and adolescents with intractable epilepsy, who received CBD treatment, and 

described the effects as “highly promising” but noted that well- designed clinical trials using 

enriched CBD are needed. GW Pharmaceuticals is currently testing the value of Epidiolex, an 

experimental cannabis-based product, to treat epilepsy. Also see the comments further in this 

chapter below on the possible anticonvulsant value of CBD for treating epilepsy. 

 

Fibromyalgia 

Fibromyalgia is a central nervous system disorder, the second most common rheumatic disorder 

behind osteoarthritis. Fibromyalgia affects 2% of the population of North America, females much 

more commonly than males. It is characterized by chronic widespread musculoskeletal pain and 

heightened sensitivity to pressure in multiple tender points in the neck, spine, shoulders, and hips. 

An associated syndrome of symptoms may include fatigue, insomnia, joint stiffness, and other 

physical problems. There may also be accompanying psychiatric conditions such as depression and 

anxiety. Fibromyalgia does not respond well to conventional pain therapies, and in the past, it was 

often believed that sufferers were merely hypochondriacs whose pain was “in their heads.” 

Ste-Marie et al. (2012) found that fibromyalgia patients tended to self-medicate with marijuana. 

Schley et al. (2006) reported that a sample of fibromyalgia patients reported significant benefit 

from cannabis. Skrabek et al. (2008) also reported cannabis provided relief from fibromyalgia. Fiz 

et al. (2011) pointed out, “There is little clinical information on the effectiveness of cannabinoids 

in the amelioration of FM symptoms.” In their own experimental study, Fiz et al. (2011) found that 

“the use of cannabis was associated with beneficial effects on some FM symptoms.” Hendrickson 

and Ferraro (2013) reviewed the relationship of cannabis and fibromyalgia and concluded, 

“Evidence suggests incorporating cannabinoids into an approach including behavioral/lifestyle 

adaptations and cognitive behavioral therapies may optimize overall benefits for many sufferers.” 

 

 

 



 

 

Gastrointestinal Diseases 

As noted in the earlier discussion of the ECS, the body’s endocannabinoids control energy balance 

and metabolism, which includes feeding behavior and digestion. The gut is of course the site of 

energy extraction from food, and its orderly or disordered operation can be expected to be 

mediated by the ECS. Cannabinoid receptors are involved in such functions as secretion of 

stomach acid and digestive enzymes, contraction of the pyloric valve regulating food passage 

between the stomach and small intestine, moving food through the intestines by gut contractions, 

detecting visceral pain, and regulating appetite and vomiting. 

There are numerous debilitating conditions of the gastrointestinal tract, including nausea, vomit- 

ing, ulcers, irritable bowl, Crohn’s disease, and reflux disease. Inflammatory bowel disease is an 

incurable condition affecting millions in industrialized countries. Irritable bowel syndrome is a 

common disorder characterized by poor bowel function and abdominal discomfort. Crohn’s 

disease is an inflammatory bowel disease usually confined to the lower end of the small intestine. 

It can lead to ulcers, bleeding, and scar formation, which may produce intestinal blockage, 

cramps, spasms, nausea, vomiting, loss of appetite and weight, severe diarrhea, and rectal 

bleeding. Paralytic ileus is a long-lasting inhibition of gastrointestinal motility, which can produce 

infection, gas, and a range of serious conditions. Gastroesophageal reflux disease is a digestive 

disorder affecting the lower esophageal sphincter (the muscle connecting the esophagus to the 

stomach). When the sphincter is weak or relaxes inappropriately, acidic gastric contents flow into 

the esophagus, damaging it. 

Cannabis has a centuries-long history of use for gastrointestinal disorders, including emesis 

(vomiting), gastric ulcers, abdominal pain, gastroenteritis, diarrhea, and intestinal inflammation 

(Duncan and Izzo 2014). Di Marzo and Piscitelli (2011) commented, “The endocannabinoid system 

and related emerging signalling system may play a fundamental role in the control of all aspects of 

gastrointestinal physiology and pathology…strategies that either enhance or curb the activity of 

the ECS might be both employed for future therapies targeting various GI disorders.” Todaro 

(2012) stated, “Today, the standard of care for prevention of CINV [chemotherapy-induced 

nausea and vomiting] for highly and moderately emetogenic chemotherapy is a 5-HT3 receptor 

antago- nist, dexamethasone… With the approval of safer and more effective agents, 

cannabinoids are not recommended as first-line treatment for the prevention of CINV and are 

reserved for patients with breakthrough nausea and vomiting.” 

Slatkin (2007) wrote, “Improvement in antiemetic therapy across the entire spectrum of 

chemotherapy-induced nausea and vomiting will involve the use of agents with different mecha- 

nisms of action in concurrent or sequential combinations, and the best such combinations should 

be identified. In this effort, the utility of the cannabinoids should not be overlooked.” Anecdotal 

and scientific evidence suggest that cannabis use may have a positive impact in patients suffering 

from inflammatory bowel disease (Borrelli et al. 2013). CB1 receptors in the brain and in the gut 

regulate gut motility, and both receptor types attenuate gut inflammation, and these 

considerations may explain the therapeutic role of cannabis in gastrointestinal disorders (Duncan 

and Izzo 2014).  



 

 

Di Carlo and Izzo (2003) observed that cannabis has potential “for the treatment of a number of 

gastrointestinal diseases, including nausea and vomiting, gastric ulcers, irritable bowel syndrome, 

Crohn’s disease, secretory diarrhoea, paralytic ileus and gastroesophageal reflux disease.” There is 

some clinical evidence that cannabis is therapeutic for Crohn’s disease (Naftali et al. 2011, 2013, 

2014; Schicho and Storr 2014). At least in experimental animals, THC has been shows to reduce 

esophageal sphincter relaxation and decrease acid production, both of which may benefit gastro- 

esophageal reflux disease (Caraceni et al. 2014). 

Cannabis has proven useful in controlling chemotherapy-induced nausea and vomiting (Duran et 

al. 2010; Parker et al. 2011; Bowles et al. 2012; Borgelt et al. 2013; Rock et al. 2014), although 

long- term use can produce “cannabinoid hyperemesis syndrome” (Nicolson et al. 2012). 

Cannabinoid hyperemesis (a term coined in 2004) has been described as a rare effect of chronic 

marijuana use characterized by severe, cyclic nausea, vomiting, and abdominal pain, and (very 

oddly) marked by compulsive hot-water bathing for temporary symptom relief (Allen et al. 2004; 

Venkatesan et al. 2004; Wallace et al. 2011; Simonetto et al. 2012). 

 

Glaucoma 

Glaucoma is a group of eye conditions that damage the optic nerve, which is essential for good 

vision. Glaucoma is generally an age-related chronic eye condition causing progressive loss of 

peripheral vision. The damage is often caused by increased intraocular pressure (IOP), which can 

lead to blind- ness if not treated. Indeed, glaucoma is the world’s leading cause of irreversible 

blindness. 

It is well known that smoking marijuana can affect vision and may be useful for treating sev- eral 

degenerative and inflammatory retinal diseases (Xu and Azuaro-Blanco 2014). Marijuana can 

produce “red eye” (“conjunctival vasodilation” or “corneal vasodilation”; Figure 12.2) (Yazulla 

2008). Anecdotal reports in the early 1990s indicated that Jamaican fishermen smoked marijuana 

to improve their vision for fishing at night. In fact, there is some evidence that marijuana 

enhances dim light vision (Russo et al. 2004). In the Caribbean area, Canasol, an alcoholic extract 

of C. sativa, is used to treat glaucoma. Canasol originated from research at the University of the 

West Indies and in private ophthalmic clinics (West 1997). 

Several of the cannabinoids can reduce IOP and therefore may have utility in treating glau- coma. 

Some noncannabinoid components of Cannabis also may have this capacity. Nucci et al. (2008) 

stated, “The identification of plant-derived, endogenous, or synthetic CBs capable of inter- acting 

with the intraocular endocannabinoid system could open new perspectives for the treatment of 

glaucoma.” Tomida et al. (2004) wrote, “Cannabinoids have the potential of becoming a useful 

treatment for glaucoma, as they seem to have neuroprotective properties and effectively reduce 

intraocular pressure. However, several challenges need to be overcome, including the problems 

associated with unwanted systemic side effects (psychotropic, reduction in systemic blood pres- 

sure), possible tolerance, and the difficulty in formulating a stable and effective topical 

preparation.”  



 

 

The same information was given by Xu and Azuaro-Blanco (2014). Samudre et al. (2014), based  on 

studies of rats, stated, “Topically applied cannabinoids are effective agents that reduce IOP and 

confer neuroprotection and are prime candidates for potential glaucoma treatment.” 

The American Glaucoma Society issued the following position statement (Jampel 2010): “Although 

marijuana can lower the IOP, its side effects and short duration of action, coupled with  a lack of 

evidence that its use alters the course of glaucoma, preclude recommending this drug in any form 

for the treatment of glaucoma at the present time.” Buys and Rafuse (2010), on behalf of the 

Canadian Ophthalmological Society, were equally critical. Sun et al. (2015) stated, “Currently, the 

deleterious effects of marijuana outweigh the benefits of its IOP-lowering capacity in most glau- 

coma patients. Under extremely rare circumstances, a few categories of glaucoma patients may 

be potential candidates for treatment with medical marijuana.” 

 

Headache 

Cannabis is “used by patients for relief of headache generally without physician recommendation. 

There is much anecdotal support and experimental evidence for this use but no good clinical trials 

for headache” (McGeeney 2013). “The literature suggests that the medicinal use of cannabis may 

have a therapeutic role for a multitude of diseases, particularly chronic pain disorders including 

headache. Supporting literature suggests a role for medicinal cannabis and cannabinoids in 

several types of headache disorders including migraine and cluster headache” (Baron 2015). 

 

Migraine 

Migraine refers to recurrent moderate to severe headaches associated with other symptoms. The 

headache typically affects half of the head, pulsates, and can last three days. Additional symptoms 

may include nausea; vomiting; sensitivity to light, sound, or smell; and an “aura” (a visual or other 

kind of sensory premonition of headache, occurring in about 10% of patients). The pain is 

generally increased by physical activity. Before puberty, boys are more affected than girls, but 

afterward, two to three times more women suffer migraines than men. 

More than a century ago, Sir William Osler, perhaps the finest physician of his era, recom- 

mended cannabis as the “most satisfactory remedy for migraine” (Osler and McCrae 1915). Today, 

there is appreciable support for the thesis that cannabis can be therapeutic for migraine (Russo 

1998, 2001, 2004b; McGeeney 2013). Greco and Tassorelli (2015) concluded, “Migraine has 

numerous relationships with endocannabinoids, and a deficiency in the endocannabinoid system 

has been hypothesized to underlie the pathophysiology of migraine. However biochemical studies 

providing a scientific basis for the potential efficacy of (endo) cannabinoids in migraine are, so far, 

limited.” 

 

 

 



 

 

HIV and Aids 

HIV originated in west-central Africa during the late nineteenth or early twentieth century. HIV 

infection degrades the immune system, increasing susceptibility to diseases. The severe stages are 

referred to as AIDS and are often accompanied by extreme weight loss, pneumonia, and Kaposi’s 

sarcoma, a type of cancer. If untreated, death is common within 10 years. A cure has not yet been 

formulated, but antiretroviral treatment can substantially suspend the condition. 

HIV/AIDS has had a great impact on society, both as an illness and as a source of discrimination. 

(Werner 2001 discussed the difficulties of advocating marijuana to alleviate the effects of AIDS, 

since both were the subjects of prejudice.) The disease also has significant economic impact. 

Patients with these conditions are one of the largest groups using cannabis for medicinal pur- 

poses. “Reasons for smoking cannabis cited by patients include countering the nausea, anorexia, 

stomach upset, and anxiety associated with the disease and with antiretroviral therapy” 

(Hazekamp and Grotenhermen 2010). Various studies reviewed by Hazekamp and Grotenhermen 

(2010) indi- cate that cannabis is useful for stimulating appetite and relieving pain in HIV/AIDS 

patients. Lutge et al. (2013) stated, “The use of cannabis (marijuana), its active ingredient or 

synthetic forms such as dronabinol has been advocated in patients with HIV/AIDS, in order to 

improve the appetite, promote weight gain and lift mood. Dronabinol has been registered for the 

treatment of AIDS- associated anorexia in some countries. However, the evidence for positive 

effects in patients with HIV/AIDS is limited, and some of that which exists may be subject to the 

effects of bias.” Ellis et al. (2009) stated, “Neuropathic pain in HIV is an important and persisting 

clinical problem, affect- ing 30% or more of HIV-infected individuals. Although combination 

antiretroviral therapy has improved immunity and survival in HIV, it does not significantly benefit 

neuropathic pain… Our findings suggest that cannabinoid therapy may be an effective option for 

pain relief in patients with medically intractable pain due to HIV.” 

 

Huntington’s disease 

Huntington’s disease (Huntington disease) is an inherited chronic condition in which nerve cells in 

the brain break down over time, deteriorating muscle coordination and mental capacities and 

leading to behavioral symptoms. Huntington’s disease was once called Huntington’s chorea, as 

cho- rea (involuntary movement) usually develops. The condition affects about 1 in 10,000 

individuals, symptoms typically beginning in middle age (Casteels et al. 2015). 

Regarding therapy with cannabis, Armstrong and Miyasaki (2012) wrote that “information is 

insufficient to recommend long-term use, particularly given abuse potential concerns.” Similarly, 

Kluger et al. (2015) also found that “data are insufficient to draw conclusions regarding 

Huntington’s disease.” A clinical trial with Sativex failed to slow disease progression (Fernández-

Ruiz et al. 2014b).  

 

 



 

 

Koppel et al. (2014) concluded that cannabis is of unknown efficacy in treating the symptoms of 

Huntington disease. Pietropaolo et al. (2015), based on mice studies, suggested that “prolonged 

administration of cannabinoid receptor agonists could be an appropriate strategy for selectively 

improving motor symptoms and stimulating neuroprotective processes in HD patients.” 

 

Insomnia 

Insomnia is “characterized by a night complaint of an insufficient amount of sleep or not feeling 

rested after the habitual sleep episode. Insomnia is often associated with feelings of restlessness, 

irritability, anxiety, daytime fatigue and tiredness” (Murillo-Rodríguez et al. 2014). “Fifty-eight 

percent of adult Americans have reported symptoms of insomnia a few nights a week or more. 

The staggering prevalence of insomnia and the well-known complications of poor sleep quality, 

such as its effect on productivity, mental health, and cardiac and endocrinologic function, suggest 

the need for effective treatment of this spectrum of disorders” (Tringale and Jensen 2011). 

Cannabis has historically been employed to treat sleep difficulties, and because it has sedative and 

anxiety-reducing properties (Nicholson et al. 2004; Bergamaschi et al. 2011), there is reason to 

believe that it has potential to treat insomnia. THC has sleep-inducing properties, while low-dose 

CBD can be alerting or neutral and high-dose CBD is sleep-inducing (Russo et al. 2009). CBD may 

also reduce symptoms that interfere with sleep. As noted in Chapter 9, dealing with essential oil, 

some of the volatile terpenes present may also play a role in inducing sleep. The pain-relieving 

prop- erties of cannabis may also assist in promotion of sleep for some patients. Ware et al. 

(2010a) found that nabilone was effective in improving sleep in patients with fibromyalgia. 

Tringale and Jensen (2011) noted, “a significant decrease in reported time to of sleep after the use 

of marijuana in both those with and those without reported sleep difficulties” and that their 

“result is supported by recent findings concerning the endocannabinoid system, as well as 

voluminous anecdotal evidence.” Patel et al. (2014) pointed out that THC increases melatonin 

production (melatonin is synthesized in the pineal gland at night, and contributes to sleep), and 

“could contribute to the well-known crash, or sleepiness, experienced after a bout of cannabis 

use.” 

 

Liver Disease 

Numerous maladies affect the liver, particularly cirrhosis or scarring, which compromise the liver’s 

ability to remove toxins from the blood. Excessive alcohol consumption, nonalcoholic fatty liver 

disease, and hepatitis B and C are chief causes. More than 1.5 million die of liver diseases annually 

worldwide. 

CB1 receptors are common in the normal liver, and CB2 receptors develop in the cirrhotic liver. 

Parfieniuk and Flisiak (2008) commented, “Controlling CB1 or CB2 signalling appears to be an 

attractive target in managing liver diseases… Unquestionably, influencing endocannabinoid signal- 

ing may have a beneficial effect on delaying or even reversing hepatic fibrosis.” The same 

viewpoint was expressed by Izzo and Camilleri (2008). Similarly, Mallat et al. (2011) observed that 



 

 

“Recent findings have revealed a role of endocannabinoids and their receptors in the 

pathogenesis of several key steps of acute and chronic liver injury, therefore identifying 

pharmacological modulation of cannabinoid receptors as an attractive strategy for the 

management of morbidity related to liver injury.” As noted later in this chapter, there is evidence 

that CBD may be therapeutic for alcohol- induced liver damage. 

 

Morning Sickness 

“Morning sickness,” despite its name, affects pregnant women at any time of day or night. This 

condition is experienced by 50%–90% of pregnant women, usually early in pregnancy. It is charac- 

terized by nausea and/or vomiting and heightened sensitivity to smells and flavors. Rarely (1%–2% 

occurrence), a life-threatening form of vomiting referred to as hyperemesis gravidarum 

(hypereme- sis syndrome, described previously) requires hospitalization. As noted in the section 

on gastrointes- tinal diseases, cannabis is effective against nausea and vomiting. 

Cannabis has been employed historically to treat morning sickness, a use that persists among 

Rastafarian women in Jamaica (Westfall et al. 2006). Westfall et al. (2006) surveyed women who 

had employed cannabis for morning sickness and found that 92% considered it effective. 

However, as discussed in the section on cautions regarding medical marijuana, there is concern 

that cannabis might have effects on the fetus (although, as discussed by Russo 2002, cannabis has 

been employed extensively in historical times to treat female reproductive issues). The health 

implications of pre- natal exposure to cannabis remain unclear. “Although it is the most widely 

used recreational drug in pregnancy…conclusive evidence is lacking with regards to immediate 

health effects of prena-  tal cannabis exposure, such as infant birthweight and rates of perinatal 

mortality and morbidity.   In some studies, maternal cannabis use appears, at face value, to be 

associated with lower birth weight and higher rates of premature delivery; in others, birth 

outcomes are comparable to those of non-exposed infants” (Westfall et al. 2006). Hill and Reed 

(2013) examined evidence regarding the effects of marijuana exposure during pregnancy and 

breast-feeding and concluded that “The current evidence suggests subtle effects of heavy 

marijuana use on developmental outcomes of children. However, these effects are not sufficient 

to warrant concerns above those associated with tobacco use.” Metz and Stickrath (2015) stated, 

“Further research is needed to provide evidence- based counselling of women regarding the 

anticipated outcomes of marijuana use in pregnancy.  In the meantime, women should be advised 

not to use marijuana in pregnancy or while lactating.” 

 

 

 

 



 

 

Multiple Sclerosis and Spasticity 

Multiple sclerosis (MS) is a neurodegenerative disease characterized by spasticity (uncomfortable 

and distressing muscle spasms and limb stiffness), painful muscle cramps and stiffness, reduced 

mobility, chronic pain in the arms and legs, tingling or pricking of the fingers and toes, ataxia 

(inability to control muscle movements), tremors, and intestinal and urination problems. 

“Multiple sclerosis (MS) is the commonest physically disabling neurological condition in young 

adults, with a prevalence between 50 and 200 per 100,000, depending on ethnic and geographical 

factors” (Novotna et al. 2011). MS is commonest in northern Europe and in regions colonized by 

white northern Europeans such as North America and is more frequent in females (Pryce and 

Baker 2014). The axon (extension of a nerve cell that carries messages) is wrapped in a layer of 

myelin, which, like the coating around an electrical wire, insulates and promotes nerve 

transmission. MS produces inflammation that degrades myelin in the central nervous system 

neurons, as well as other features of the nerve cells. MS is generally believed to be an 

autoimmune condition. It is thought that cannabinoids may be therapeutically effective in treating 

MS because they are immunomodulatory. 

In a survey of patient perceptions of the value of marijuana for treating MS, Page and Verhoef 

(2006) noted, “The perceived benefits of use were consistent with previous reports in the 

literature: reduction in pain, spasms, tremors, nausea, numbness, sleep problems, bladder and 

bowel prob- lems, and fatigue and improved mood, ability to eat and drink, ability to write, and 

sexual func- tioning. Adverse effects included problems with cognition, balance, and fatigue and 

the feeling of being high. Although participants described risks associated with using marijuana, 

the benefits they derived made the risks acceptable.” 

There is considerable support for the use of cannabis to treat MS, and forms of it have been 

authorized for treatment of MS in numerous countries. “Cannabinoids…are effective in treating 

neuropathic pain in MS” (Iskedjian et al. 2007). “In clinical trials, more patients have been treated 

with cannabinoids for MS then for any other indication” and “MS is one of the few conditions 

where long-term extension studies have been performed with cannabis-based medicines” 

(Hazekamp and Grotenhermen 2010). “Undoubtedly, the most promising clinical use of 

cannabinoids concerns MS” (Chiurchiù et al. 2015). 

Spasticity (and sometimes tremors) accompanies spinal cord injury as well as MS. There are 

indications that cannabis can indeed improve the symptoms of both MS and spinal cord suffer-   

ers (Hazekamp and Grotenhermen 2010). “MS results from disease that impairs neurotransmis- 

sion and this is controlled by cannabinoid receptors and endogenous cannabinoid ligands. This can 

limit spasticity and may also influence the processes that drive the accumulation of progressive 

disability” (Baker et al. 2012). “An increasing amount of evidence is now emerging to confirm 

anecdotal reports of symptomatic improvement, particularly for muscle stiffness and spasms, 

neu- ropathic pain and sleep and bladder disturbance, in patients with MS treated with 

cannabinoids” (Zajicek and Apostu 2011). “We found evidence that combined THC and CBD 

extracts may provide therapeutic benefit for MS spasticity symptoms” (Lakhan and Rowland 

2009).  

 



 

 

“Data from animal models of MS and clinical studies have supported the anecdotal data that 

cannabis can improve symptoms such as limb spasticity, which are commonly associated with 

progressive MS” (Pryce and Baker 2012). Corey-Bloom et al. (2012) “saw a beneficial effect of 

inhaled cannabis on spas- ticity among patients receiving insufficient relief from traditional 

treatments. Although generally well-tolerated, smoking cannabis had acute cognitive effects.” 

Oreja-Guevara (2012) found that cannabis has “shown a clear-cut efficacy to reduce spasticity and 

their associated symptoms in those patients refractory to other therapies, with a good 

tolerability/safety profile.” Koppel et al. (2014) reported that cannabis is “probably effective” in 

treating spasticity. Kluger et al. (2015) concluded that cannabis likely has no benefit for tremor in 

MS. The THC/CBD oromucosal spray Sativex  (nabiximols) has been extensively employed to treat 

MS. “Real-life data confirm nabiximols as an effective and well-tolerated treatment option for 

resistant multiple sclerosis spasticity in clinical practice” (Flachenecker et al. 2014). Centonze et al. 

(2009) found that some parameters measuring the severity of MS were not altered by Sativex. 

 

Neurodegenerative Diseases 

Neurodegenerative diseases are incurable, debilitating conditions caused by progressive death or 

degeneration of neurons of the nervous system. This produces ataxias (problems with movement 

or motor functions) and dementias (decline in cognitive or mental functioning). “The treatment of 

neurodegenerative disorders is possibly one of the major challenges for biomedical research in 

the present century in developed countries, given the present and future increases in expected 

longevity in these countries, which will give greater opportunity for these disorders to appear” 

(Fernández- Ruiz et al. 2014a). Inflammation appears to be a common denominator among 

diverse neurodegen- erative diseases. 

Scotter et al. (2010) noted, “There has been anecdotal and preliminary scientific evidence of can- 

nabis affording symptomatic relief in diverse neurodegenerative disorders. These include multiple 

sclerosis, Huntington’s, Parkinson’s and Alzheimer’s diseases, and amyotrophic lateral sclerosis.” 

The neuroprotective and anti-inflammatory properties of the cannabinoids (particularly of CBD) 

“may represent a very promising agent with the highest prospect for therapeutic use” (Iuvone et  

al. 2009). Rosales-Corral et al. (2015) noted, “Research on cannabinoids has been growing signifi- 

cantly in the last five years. More than fifty percent of this research corresponds to ‘cannabinoids 

and brain,’ particularly about neurodegeneration.” 

The American Academy of Neurology sponsored a review of all studies of medical marijuana 

published from 1948 through 2013 for evidence of efficacy in treating symptoms of MS, 

Huntington’s disease, epilepsy, Parkinson’s disease, cervical dystonia (a rare painful condition 

characterized by involuntary contraction of the muscles of the neck and shoulder, causing twisting 

and tilting of the head), and Tourette’s syndrome. The review concluded that cannabis appears to 

help alleviate spas- ticity and central or spasm-related pain and some other MS symptoms, but 

there is little evidence of efficacy in treating epilepsy or movement disorders, and there are 

serious concerns about side effects (Koppel et al. 2014; Kurt 2014). 

 



 

 

Inflammatory responses in the brain have become a central area of research to address numer- 

ous degenerative diseases of the brain (De Ceballos 2015). Chiurchiù et al. (2015) reviewed the 

mechanisms of brain functions in relation to how cannabis might be used therapeutically to 

address neuroinflammatory diseases, including Alzheimer’s disease, multiple sclerosis and 

amyotrophic lat- eral sclerosis. Different classes of cells are involved in the protective 

inflammatory response by the nervous system and in the remainder of the body. Outside of the 

nervous system, most of the body’s protective cells that combat invading pathogens and eliminate 

damaged cells are macrophages and lymphocytes, which arise in the blood system. However, 

particularly important to the protection of the central nervous system are “microglial cells,” 

colorfully described by Chiurchiù et al. (2015)  as protective soldiers, defending the brain in 

particular from infection, tumors, ischemia, trauma, and neurodegeneration. These are thought to 

remain dormant in the healthy brain but (like blood immune cells) become activated in response 

to damage or infection. Microglial cells normally appear to lack CB receptors, but when the 

nervous system experiences local inflammation, they develop high levels of CB2 receptors, 

suggestive of a critical role in neuroinflammatory conditions. It is not surprising that CB2 receptors 

are localized in protective brain cells, since outside the ner- vous system, they are widely present 

in immune system cells. 

Zogopoulos et al. (2015) summarized the current status of therapeutic possibilities as follows: 

“Over the last years, considerable progress has been made in understanding the role of 

endocannab- inoids in preventing or reducing the effects of progressive neurodegenerative 

diseases. The ECS has been shown to mediate neuroprotection in many neurological and 

psychiatric disorders including pain, schizophrenia, anxiety, depression, Parkinson’s disease, 

Alzheimer’s disease, Huntington’s chorea, MS, amyotrophic lateral sclerosis and epilepsy. It also 

has neurotrophic and neuroprotec- tive effects in cerebral ischemia (stroke) and traumatic brain 

injury. The endocannabinoid system represents a local messenger between the nervous and 

immune system and is obviously involved in the control of immune activation and 

neuroprotection. Manipulation of endocannabinoids and/or use of exogenous cannabinoids in 

vivo can constitute a potent treatment modality against inflam- matory disorders.” 

See the sections in this chapter regarding the value of cannabis for each of Alzheimer’s disease, 

Huntington’s disease, multiple sclerosis, Parkinson’s disease, Tourette’s syndrome, and brain 

injury. 

 

Neuropathy 

“Peripheral neuropathy” (usually implied when the word neuropathy is used) refers to impaired 

sen- sation, movement, or body functions caused by damage or diseases affecting nerves. Carpal 

tunnel syndrome is a familiar example. “Chronic neuropathic pain affects 1%–2% of the adult 

population and is often refractory to standard pharmacologic treatment” (Ware et al. 2010b). 

“Painful periph- eral neuropathy comprises multiple symptoms that can severely erode quality of 

life.  

 



 

 

These include allodynia (pain evoked by light stimuli that are not normally pain-evoking) and 

various abnormal sensations termed dysesthesias (e.g., electric shock sensations, ‘pins and 

needles,’ sensations of coldness or heat, numbness, and other types of uncomfortable and painful 

sensations). Common causes of peripheral neuropathy include diabetes, HIV/AIDS, spinal cord 

injuries, multiple sclero- sis, and certain drugs and toxins. Commonly prescribed treatments come 

from drugs of the tricyclic and selective serotonin reuptake inhibitor (SSRI) antidepressant classes, 

anticonvulsants, opioids, and certain topical agents. Many patients receive only partial benefit 

from such treatments, and some either do not benefit or cannot tolerate these medications” 

(Grant 2013). 

As noted under the section titled “Pain,” cannabis appears helpful for pain relief accompanying 

various diseases. “The analgesic effects of herbal cannabis, derived from the dried leaves and 

flow- ers, have been most studied in neuropathic pain conditions” (Fitzcharles et al. 2014). 

“Cannabinoids show promise for treatment of neuropathic pain in humans either alone or as an 

add-on to other therapeutic agents” (Rahn and Hohmann 2009). Wilsey et al. (2013) concluded 

that “vaporized cannabis, even at low doses, may present an effective option for patients with 

treatment-resistant neuropathic pain.” Grant (2013) stated, “data suggest, on balance, that 

cannabis may represent a reasonable alternative or adjunct to treatment of patients with serious 

painful peripheral neuropathy for whom other remedies have not provided fully satisfactory 

results.” Gutierrez and Hohmann (2011) concluded: “Cannabinoids effectively suppress 

neuropathic pain in preclinical and clinical studies. The challenge is to balance analgesic efficacy 

with the presence of adverse side effects (i.e., dizziness or sedation)…. In clinical settings, 

cannabinoid-based medications show therapeutic efficacy, and side effects are tolerable or no 

worse than those of conventional neuropathic pain med- ications (e.g., gabapentanoids, tricyclic 

antidepressants and anticonvulsants). Thus, cannabinoids show promise for managing 

neuropathic pain that is intractable to conventional treatments or as an adjunct to existing 

medications. Clinical trials are needed to evaluate the long-term effectiveness and safety of these 

compounds in humans.” 

  

Obesity 

Obesity is the result of addictive behavior but has become so normalized that it doubtfully 

qualifies as a psychiatric condition. However, in 2015, the American Medical Association voted to 

classify obesity as a disease, albeit not specifically psychiatric in nature. The world is experiencing 

a fat epi- demic: 1.2 billion are overweight and an additional 475 million are obese (World Obesity 

Federation 2015). Although imperfect as an indicator of degree of overweight status, body mass 

index (BMI), a measure of relative weight to height, is widely used. BMI = weight in kg divided by 

height in m2. “Overweight” or preobesity is defined as a BMI of 25–29.9  kg/m2, while “obesity” is 

defined as   a BMI >30 kg/m2. In the Western world, half of people are overweight, one in six is 

obese. Over 200 million school-age children are overweight, causing the present generation to 

have a shorter predicted lifespan than their parents. Obesity is more common globally that 

undernutrition and is one of the most important public health issues.  



 

 

Excess body weight in the form of accumulated fat can severely impair health. Many major 

chronic illnesses characterize modern industrialized soci- eties, notably heart disease, 

hypertension, adult-onset diabetes, some kinds of cancer, and dental caries, and overeating is 

substantially responsible. 

The ECS is an important regulator of eating. It is well known that marijuana stimulates the 

appetite, an effect caused by stimulation of the CB1 receptors in hypothalamic feeding circuits in 

the brain (Williams et al. 2015). “Obesity seems to be a condition associated with a pathological 

overactivation of the endocannabinoid system” (Viveros et al. 2008). Accordingly, suppressing the 

receptor responsible for overeating would be expected to reduce appetite. Indeed, Trillou et al. 

(2004) found that knockout (genetically engineered) mice in which the CB1 receptors were inacti- 

vated were quite resistant to obesity (Figure 13.23) and had notably improved energy 

metabolism, less tendency for fat deposition, and improved insulin levels. As noted earlier, the 

synthetic cannabi- noid rimonabant, a CB1 cannabinoid receptor suppressor, was licensed for a 

period as a weight-loss pharmaceutical for humans. It was sold in over 50 countries but was 

discontinued because of side effects such as suicidal thoughts and acute depression and was 

withdrawn from the legal market in 2009. The problem is that CB1 receptors control many 

metabolic functions, and suppressing them to therapeutically control one function can negatively 

affect other vital activities. Illustrative of how deleterious suppression of the CB1 receptors can be 

is the observation that feeding rimonabant to newborn mice results in their cessation of suckling 

and starving to death (Fride 2004). 
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In the experiment of Trillou et al. (2004) referred to previously, feeding efficiency of the mice lack- 

ing normal CB1 receptors was lower (i.e., the mice extracted less energy from the same amount of 

food by comparison with normal mice), which would not be adaptive in the wilderness but is 

desirable for weight control. In nature, food is almost always in short supply most of the time, and 

evolution has favored metabolic systems that efficiently extract energy from food, maximizing 

storage of fat in the body’s fat cells in order to survive periods of famine. The ECS is one of 

nature’s ways of promoting food energy storage in a world where the supply of food is erratic and 

limited. Food is so abundant today that the ECS is not designed to limit its consumption 

(facetiously, it can be blamed for obesity). Curiously, although cannabis stimulates the appetite, 

cannabis use is negatively correlated with obesity. Le Strat and Le Foll (2011) found that obesity is 

a third lower in regular marijuana smokers compared to abstainers. Penner et al. (2013) observed 

that cannabis users have smaller waist cir- cumference (as well as higher levels of high-density 

lipoprotein, the desirable kind of cholesterol). 

The explanation for the net appetite-suppressing effect of cannabis may lie in the activation of not 

just CB1 receptors but also of other appetite-regulating systems by components of marijuana. 

 

Osteoporosis 

Bone is a specialized tissue that continuously undergoes renewal and repair known as “bone 

remod- eling.” Specialized cells called osteoblasts generate new bone, while other specialized cells 

called osteoclasts dispose of old bone. Imbalance in bone formation and bone resorption is the 

main cause of bone disorders. Osteoporosis is characterized by gradual deterioration of bone 

mass, increased bone fragility, and increased risk of fracture. In developed nations, 2% to 8% of 

males and 9% to 38% of females are affected. Several other skeletal disorders such as rheumatoid 

arthritis are also character- ized by bone deterioration. Bone fractures represent one of the main 

causes of death among elderly patients, and given the aging populations in industrialized 

countries, the disease is of increasing con- cern. Osteoporosis is often caused by estrogen 

deficiency (in postmenopausal women) and glucocorti- coid treatment (glucocorticoids are widely 

used for chronic treatment of such conditions as bronchial asthma and skin diseases). Women in 

Western countries are more likely to die of a hip fracture than of breast cancer. Men suffering 

from prostate disease may experience associated bone problems. 

Endocannabinoids, receptors (both CB1 and CB2), and their metabolizing enzymes are present in 

the skeleton and are the subject of ongoing research (Idris et al. 2009; Bab and Ofek 2011; Rossi et 

al. 2011; Bab 2012). CB2 receptors are expressed in osteoblasts and osteoclasts; they stimulate 

bone formation and inhibit bone resorption (Bab et al. 2009). “There is a steadily growing body of 

evidence suggesting that the skeletal endocannabinoid system plays an important role in the 

regu- lation of bone mass in health and in disease… Future studies should…greatly enhance our 

under- standing of the role of the skeletal endocannabinoid system in bone pathologies and 

encourage the development of cannabinoid-based therapy aimed at providing both anti-

resorptive and anabolic effects in bone” (Idris 2010). An unanswered question is whether 

recreational use of marijuana is correlated with effects on the skeleton (Idris and Ralson 2010). 



 

 

Aside from bone fractures due to osteoporosis, fractures in general are extremely common inju- 

ries. Kogan et al. (2015), in an experiment on fracture healing in rats, reported that “Many 

fractures heal by a process known as endochondral ossification. In this process initial bridging 

across the fracture gap is made by a cartilaginous callus that mineralizes, and is subsequently 

resorbed and replaced by a bony callus. The bony callus is further remodelled to form mature 

bone that is similar to the prefracture tissue…our results suggest that the CBD-induced 

stimulation of fracture healing occurs during the later phases of healing (after six weeks).” 

 

Pain 

Pain is the most common symptom of illness and indeed constitutes an illness. Pain may be 

chronic (long-lasting, usually at least months) or acute (beginning suddenly, often from an injury 

and typically relieved when the injury heals or is treated). Analgesia—relief from pain—is the 

most fre- quent reason people seek medical treatment. Notcutt (2004) stated, “Chronic pain 

affects approxi- mately 1 person in 12. For those who are over the age of 65 the incidence rises 

beyond 1 in 4. All the current analgesics have their problems… Sadly, having tried all the 

therapeutic options, many patients are left to continue their lives with inadequate or minimal 

control of pain.” 

There is a close relationship between pain signaling and the CB receptors (Woodhams et al. 2015). 

CB1 receptors occur in the central and peripheral nervous systems concerned with pain. 

Inflammation produces considerable pain, and CB2 receptors, which occur especially in immune 

system cells, seem to be particularly involved with inflammatory-related pain. Acetaminophen is 

the most popular drug for relief of pain and fever. It is known to produce analgesia through the 

CB1 receptors (Mallet et al. 2008). 

“‘Severe [chronic] pain’ is the most common reason for medicinal herbal cannabis use, with arthri- 

tis and musculoskeletal pain cited as the most prevalent specific medical condition” (Fitzcharles et 

al. 2014). Hazekamp and Grotenhermen (2010), Aggarwal (2013), and Russo and Hohmann (2013) 

reviewed studies reporting that cannabis relieves pain from a variety of sources. 

Martín-Sánchez et al. (2009) were of the view that “Currently available evidence suggests that 

cannabis treatment is moderately efficacious for treatment of chronic pain, but beneficial effects 

may be partially (or completely) offset by potentially serious harms. More evidence from larger, 

well-designed trials is needed to clarify the true balance of benefits to harms.” A similar cautious 

view was expressed by Bowles et al. (2012): “The data supporting cannabinoids for pain relief 

have been mixed.” However, as illustrated by the following quotations, many researchers are 

enthusiastic about the potential value of cannabis as an analgesic. “There are well-documented 

reports of can- nabis use leading to reduced headache, migraine and post-surgery pain” (Frisher et 

al. 2010). “There is evidence that cannabinoids are safe and modestly effective in neuropathic 

pain with preliminary evidence of efficacy in fibromyalgia and rheumatoid arthritis” (Lynch and 

Campbell 2011). “One of the most promising therapeutic uses of phytocannabinoids in humans is 

their employment as pain killers” (Costa and Comelli 2014). 



 

 

The comparative analgesic value of opioids and cannabinoids is of particular interest. Carter   et al. 

(2015) stated, “The field of pain medicine is at a crossroads given the epidemic of addiction and 

overdose deaths from prescription opioids. Cannabis and its active ingredients, cannabinoids, are 

a much safer therapeutic option…when used appropriately, cannabis is safe and effective for 

many forms of chronic pain and other conditions, and has no overdose levels. Current literature 

indicates many chronic pain patients could be treated with cannabis alone or with lower doses of 

opioids.” The use of cannabis to complement opiates is a promising possibility. The endogenous 

opioid system produces pain-relieving endorphins, and the ECS may interact with the opioid sys- 

tem in effecting pain relief. “There are emerging data suggesting that cannabinoids augment opi- 

ates” (Bowles et al. 2012; also see Johnson et al. 2010, 2013; Abrams et al. 2011; Portenoy et al. 

2012). Lucas (2012) also observed that “There is a growing body of evidence to support the use of 

medical cannabis as an adjunct to or substitute for prescription opiates in the treatment of 

chronic pain.” Carter et al. (2011) noted, “Long-term drug safety is an important issue in palliative 

medi- cine. Opioids may produce significant morbidity. Cannabis is a safer alternative with broad 

appli- cability for palliative care.” Burns and Ineck (2006) observed that “Chronic pain often 

requires     a polypharmaceutical approach to management, and cannabinoids are a potential 

addition to the arsenal of treatment options.” 

 

Parkinson’s disease 

Parkinson’s disease (PD) is a chronic, progressive disorder of the central nervous system that 

affects movement and coordination. It is characterized by a fixed inexpressive facial expression, 

tremors, slowing of voluntary movements, and gait with short accelerating steps, peculiar 

posture, and muscle weakness. Most patients are over 50. The condition is caused by death (for 

unknown reasons) of dopamine-producing neurons in the midbrain (dopamine is an important 

neurotransmitter, reduced levels interfering with coordination and motor function). 

“Potential use of cannabinoids in PD is controversial” (Venderová et al. 2004). Carroll et al. (2004) 

found that “orally administered cannabis extract resulted in no objective or subjective 

improvement in dyskinesias [involuntary movement disorders] or parkinsonism.” Koppel et al. 

(2014) concluded that cannabis is “probably ineffective” in treating PD. By contrast, Lotan et al. 

(2014) observed significant improvement after treatment in tremor, rigidity, bradykinesia (slow 

movement), sleep, and pain and stated that their study “suggests that cannabis might have a 

place in the therapeutic armamentarium of PD.” Fernández-Ruiz et al. (2014b) stated, “it seems 

obvious that phytocannabinoids constitute potential novel neuroprotective therapies for PD… The 

phytocannabi- noid Δ9-THCV emerges as an interesting compound to be used alone or in 

combination with CBD.” Gómez-Gálvez et al. (2015) found evidence of elevated levels of CB2 

receptors in mice models of Parkinson’s as well as in postmortem patients, suggesting that this is 

an adaptive response that may be harnessed to alleviate the disease. Russo (2007) emphasized 

that prolonged administration of cannabis may be necessary before improvements in PD 

symptoms become evident. Concannon et al. (2015) concluded, “There is mounting evidence to 

suggest that the endocannabinoid system may have multiple therapeutic benefits in the 

treatment of PD.  



 

 

Evidence suggests that cannabinoid drugs have the potential to alleviate the symptoms of the 

condition as well as to ameliorate the debilitat- ing motor side effects associated with current 

pharmacotherapies. Moreover the endocannabinoid system may also have the potential to 

modify the progression of the disease…our expanding knowl- edge of the endocannabinoid 

system gives cause for optimism for improved understanding and treatment of PD.” 

 

Psychiatric Disorders 

Although estimates are uncertain, between one-quarter and one-third of the world’s population,    

at some point in their lives, are believed to suffer from some form of mental disorder. Anxiety, 

depression, and schizophrenia are leading mental illnesses in Western countries. Electrical and 

neu- rotransmitter activities in the brain are important in determining healthy mental status, and 

abnor- mal symptoms are often correlated with abnormal nerve cell functioning. Because the ECS 

is vital in the health and pathology of nerve cells, cannabis has potential therapeutic value in 

maintaining or restoring health. However, there is hardly unanimity about the role of 

cannabinoids. As pointed out by Fride and Russo (2005), “The history and science of cannabis and 

cannabinoids and their relation to mental health and disease are fraught with controversy, 

ambivalence, and contradictory claims.” Nevertheless, as noted by Patel and Hillard (2009), 

“preclinical and clinical data suggest a role for endogenous cannabinoid signaling in the 

modulation of anxiety and depression… These data provide evidence that ECS serves in an 

anxiolytic, and possibly anti-depressant, role. These data suggest novel approaches to treatment 

of affective disorders which could include enhancement of endogenous cannabinoid signaling.” 

Leweke and Koethe (2008) concluded that investigation of the ECS in relation to psychiatric 

conditions “provides a promising target for novel pharmacotherapeutic interventions.” Similarly, 

Crippa et al. (2010) stated, “The cannabinoid system is a promising target for novel therapeutic 

interventions in psychiatry. Cannabinoids may be greatly useful in this field; however, additional 

controlled trials are still required to confirm these findings and determine the safety of these 

com- pounds.” Less optimistically, Wyrofsky et al. (2015) commented “The endocannabinoid (eCB) 

sys- tem plays an important role in the control of mood, and its dysregulation has been implicated 

in several psychiatric disorders. Targeting the eCB system appears to represent an attractive and 

novel approach to the treatment of depression and other mood disorders. However, several failed 

clinical trials have diminished enthusiasm for the continued development of eCB-targeted 

therapeutics for psychiatric disorders, despite the encouraging preclinical data and promising 

preliminary results obtained with the synthetic cannabinoid nabilone for treating post-traumatic 

stress disorder.” 

  

 

 

 

 



 

 

Addiction 

Addiction refers to obsessive thinking about and compulsive consumption of something despite 

resulting negative consequences (De Luca and Fattore 2015). Pathological compulsions for danger, 

drugs, food, gambling, and sex are common. 

“The endocannabinoid system appears to be strongly associated with the neurobiological pro- 

cesses that underlie addictive disorders” (Fernández-Ruiz et al. 2014a). Cannabinoid CB1 

receptors are present in areas of the brain involved in reward processes, and when activated, they 

gener-    ate rewarding effects (De Luca and Fattore 2015). “Cannabinoids and endocannabinoids 

appear to boost the rewarding effects of addictive drugs, including alcohol, nicotine, cocaine, 

amphetamines, and opiates, suggesting that the endocannabinoid system may represent an 

important target for the treatment of addictive disorders” (De Luca and Fattore 2015). Although 

habit-forming drugs such as opioids, cocaine, tobacco, and alcohol are known to affect the CB1 

receptors in laboratory animals (CB2 receptors have been found to play a role as well in cocaine 

addiction), therapeutic applications to humans have not yet been formulated (Fernández-Ruiz et 

al. 2014a). 

Cannabis induces dependence less readily than the majority of other illicit drugs. Nevertheless, 

about 9% of marijuana users become dependent, and dependence increases up to 17% among 

those who initiate use at a young age (De Luca and Fattore 2015). It has been hypothesized that 

cannabis dependence could be addressed therapeutically by targeting the ECS (Clapper et al. 

2009), a rather ironic scenario of using cannabinoids to cure cannabinoid addiction. 

 

Anxiety 

Anxiety drugs are among the top-selling prescription pharmaceuticals. Crippa et al. (2009) noted 

that although cannabis users have a high prevalence of anxiety disorders and, conversely, patients 

with anxiety disorders have relatively high rates of cannabis use, it is unclear if cannabis use 

increases the risk of developing anxiety disorders. “Anxiety disorders are the most common psy- 

chiatric disorders in the general population, and there is a particularly high incidence of cannabis 

use in patients with symptoms of anxiety and anxiety disorders…preclinical studies support the 

hypothesis that low doses and infrequent exposure to cannabis constituents can reduce feelings 

of anxiety and stress but that chronic use of large amounts has the opposite effect and could 

contrib- ute to the development of anxiety and other psychiatric disorders” (Patel et al. 2014). The 

biphasic effects of cannabis (whether contributing to or alleviating anxiety) were examined by Rey 

et al. (2012). “Several studies have demonstrated a positive impact of CBD alone on anxiety in 

patients with social anxiety disorder” (Curran and Morgan 2014). Also see the information for 

posttraumatic stress disorder (PTSD) presented later in this section. 

 

 

 



 

 

Autism Spectrum Disorder 

Autism spectrum disorder, often simply called autism, includes a set of neurodevelopmental 

disor- ders characterized by complications in social interaction, impaired communication, and 

restricted, repetitive, stereotyped behaviors or interests (see Miles 2011 for a review). Asperger’s 

syndrome (Asperger syndrome) is a form of autism on the higher-functioning end of the autism 

spectrum (IQs typically are in the normal to very superior range). No single psychopharmacologic 

treat- ment is applicable to autism, and concern has been expressed about the many toxic 

pharmaceutical medications that have been employed to treat the symptoms. Kurz and Blaas 

(2010) noted: “autistic children often show aggression against others and self-injurious behaviour, 

[and] also have sleep problems and eating disorders. Early infant autism affects 1 of 2000 

children, with boys affected three times more often than girls. Autism does not equate with 

mental retardation, but intelligence is frequently limited (intelligence quotient (IQ) below 70). 

One quarter of autistic children achieve good results on IQ tests, termed ‘high functional autism.’ 

The cause of autism is still not fully explored, but seems to be multifactorial (including genetic, 

environmental and neurobiochemical disorders)… To date there have been no reports of the use 

of cannabinoids in autism. However, in internet blogs and discussion forums there are many 

reports of parents who have tried THC for their autistic children, but without medical monitoring 

and inappropriate administration.” Grinspoon (2010) argued for the right of parents to conduct 

such experimentation in the light of desperation to alleviate their child’s condition. 

Onaivi et al. (2011), Busquets-Garcia et al. (2013), and Földy et al. (2013) suggested (based on 

rodent data) that the cannabinoid system is implicated in the development of autism. Khalil 

(2012) stated: “There has been a massive growth of public awareness and research funding 

around autism spectrum disorders (ASD) over the past 10 years… CBD and delta-9-THC may help 

in improv-  ing symptoms of ASD by their sedative, antipsychotic, anti-convulsant and tranquilizing 

effects.” Siniscalco et al. (2013) observed a much higher development of CB2 receptors in autistic 

children compared to normal children, suggesting the involvement of the ECS in autism 

development or maintenance. 

 

Attention Deficit/Hyperactivity Disorder 

Attention deficit/hyperactivity disorder (ADHD) is a neurodevelopmental psychiatric disorder, 

affecting about 40 million worldwide. ADHD is noted for lack of attention (distractability) and 

control of inhibitions, hyperactivity, and impulsiveness. It is the most common psychiatric 

condition in children and adolescents, affecting about three times as many boys as girls, beginning 

between the ages of 6 to 12 and often impairing school performance. The condition tends to 

become more manageable in adults, with a prevalence rate of 4.4% (McRae-Clark et al. 2010). The 

diagnosis and treatment have been controversial, especially insofar as it has involved prescribing 

drugs for chil- dren. The use of marijuana to treat children is particularly controversial because of 

the potential adverse effects on the developing brain. 

 



 

 

Marijuana has been reported to be the most commonly used drug by adults with ADHD (McRae-

Clark et al. 2010). Pedersen (2014), in a study of people who had self-diagnosed an ill- ness and 

purchased marijuana for medical purposes in Norway, found that treatment of ADHD was the 

most commonly reported justification. Indeed, ADHD is often alleged to be the rationale for 

employing medical marijuana, although controlled studies of its efficacy are absent. However, 

there is at least an intuitive reason for using cannabis to treat ADHD. Wiskerske and Pattij (2015) 

pointed out, “Given its widespread and abundant expression in the brain and its known impor- 

tant role in other executive functions such as working memory, attention, time estimation, and  

behavioral flexibility, it should come as no surprise that the endocannabinoid system mediates 

impulsive behavior…the endocannabinoid system emerges as an interesting pharmacotherapeu- 

tic target to ameliorate impulsivity in psychopathology and neurological disorders.” Strohbeck- 

Kuehner et al. (2008) provide an anecdotal report of improvement of ADHD in an individual 

treated with cannabis. 

 

Bipolar Disorder 

Bipolar disorder (bipolar affective disorder, manic-depressive illness) is a mental condition char- 

acterized by recurrent alternations of elevated mood (mania, characterized by expansive mood, 

decreased sleep, increased energy, and impulsive behavior) and depressed mood (depression, dis- 

cussed next). About 3% of the world population develops bipolar disorder at some period of their 

lives. People with bipolar disorder frequently consume marijuana, surveys often showing a greater 

prevalence than for other misused drugs (Braga et al. 2015). 

Ashton et al. (2005) commented, “Both THC and CBD have pharmacological properties that could 

be therapeutic in patients with bipolar affective disorder.” Braga et al. (2015) stated, “advances in 

neurobiological research have facilitated greater understanding of the role of the endocannabi- 

noid system in bipolar disorder and how cannabinoid modulators may serve as a treatment for 

the illness. To date, a few animal studies and anecdotal reports have suggested potential 

therapeutic effects. It should be noted that at this time, no definitive evidence suggests cannabis 

may be benefi- cial in any way.” 

 

Depression 

Unlike the ups and downs that everyone experiences, the symptoms of clinical depression are 

severe. “Depression is one of the most common mental illnesses with a lifetime prevalence of 

about 15%–20%, resulting in enormous personal suffering, as well as social and economic bur- 

den. The major depressive disorder is characterized by episodes of depressed mood lasting for 

more than two weeks often associated with feelings of guilt, decreased interest in pleasurable 

activities and inability to experience pleasure (named anhedonia), low self-esteem and worthless- 

ness, high anxiety, disturbed sleep patterns and appetite, impairment in memory and suicidal 

ideation” (Micale et al. 2015). 



 

 

Denson and Earleywine (2006) surveyed marijuana users and suggested that “adults apparently 

do not increase their risk for depression by using marijuana.” Patel et al. (2014) found that 

“studies examining the ability of cannabis and cannabinoids to reduce depression have yielded 

contradictory findings.” 

 

Posttraumatic Stress Disorder 

PTSD is a pathological response to experiencing or witnessing severe traumatic events, such as 

combat, disaster, sexual abuse, violent crime, or accidents. It is characterized by mentally 

reexperi- encing the event (frequently as flashbacks or nightmares) and often behavioral 

avoidance, hypervig- ilance, and anxiety. The condition appears to represent a situation where 

memories are best erased. The amygdala of the brain is important for emotional learning and 

memory, and endocannabinoids potentially could represent a key route to extinguishing 

unpleasant memories from this region of the brain. Elevated usage of marijuana has been 

associated with PTSD (Cougle et al. 2011). 

Passie et al. (2012) stated, “Evidence is increasingly accumulating that cannabinoids might play a 

role in fear extinction and antidepressive effects…studies are warranted in order to evaluate the 

therapeutic potential of cannabinoids in PTSD.” Patel et al. (2014) pointed out that “Data suggest 

a strong association between PTSD and cannabis use, and that subjects with PTSD use cannabis to 

reduce PTSD symptom severity. However, whether long-term outcomes are improved or 

worsened by cannabis use in PTSD patients remains to be determined.” Gabbay et al. (2015) 

commented, “Substantial evidence suggests that endocannabinoid signaling is deficient in PTSD, 

thereby recom- mending the endocannabinoid system as a therapeutic target for that disorder. 

The endocannabinoid system is also a target for treatment of anxiety disorders, emotion 

dysregulation, depression, and cannabis use disorder, all of which are associated with PTSD. 

Moreover, as preclinical evidence suggests that the endocannabinoid system regulates fear 

memory processing and extinction, enhanc- ing endocannabinoid function may ameliorate core 

deficits in PTSD. However, multiple challenges confront the effort to develop endocannabinoid-

targeting therapies.” Greer et al. (2014), based on a survey of patients, concluded, “Though 

currently there is no substantial proof of the efficacy of can- nabis in PTSD treatment, the data 

reviewed here supports a conclusion that cannabis is associated with PTSD symptom reduction in 

some patients, and that a prospective, placebo-controlled study of cannabis or its constituents for 

treatment of PTSD is warranted.” Neumeister et al. (2013) used a radioactive tracer detected by 

positron emission tomography to examine the brains of patients with PTSD (designated TC) as 

well as controls (HC). They reported: “Anandamide concentrations were reduced in the PTSD 

relative to the TC (53.1% lower) and HC (58.2% lower) groups… These results suggest that 

abnormal CB1 receptor-mediated anandamide signaling is implicated in the etiology of PTSD, and 

provide a promising neurobiological model to develop novel, evidence-based pharmaco- therapies 

for this disorder.” 

 

 



 

 

Schizophrenia 

“Schizophrenia is a common psychiatric disorder characterized by impairments in the perception 

or expression of reality. Schizophrenic symptoms are subclassified into positive (or productive) 

symptoms such as delusions, auditory hallucinations, and thought disorder, and negative (or 

deficit) symptoms such as blunted affect and emotion, poverty of speech, anhedonia [inability to 

experience pleasure in normally pleasurable acts], and lack of motivation. For many patients the 

prognosis is poor with incomplete recovery and significant illness” (Müller-Vahl and Emrich 2008). 

Although “there is substantial evidence that heavy cannabis abuse in healthy persons is a risk 

factor for the clinical manifestation of schizophrenia, CBD may be effective in the treatment of 

patients suffering from acute schizophrenia” (Müller-Vahl and Emrich 2008). The same view has 

been suggested by Leweke et al. (2012), Bossong et al. (2014), Parolaro et al. (2014),  and Robson  

et al. (2014). Rohleder and Leweke (2015) concluded, “There is a strong relationship between the 

ECS, cannabis use, and schizophrenia. On the one hand, the ECS has to be regarded as part of the 

pathophysiology of schizophrenia, while on the other hand, cannabis use may contribute to 

weaken this system, a system that most likely plays a protective role in the neurobiology of this 

disease. Targeting this mechanism may become a viable new approach to the treatment of 

schizophrenia.” 

 

Skin Conditions 

The skin is the largest organ of the body, its apparent simplicity belying astonishing complex-     ity 

and importance. Skin has numerous functions, including protecting the body from microbial 

invasion, allergens, ultraviolet exposure, water, and chemicals; sensing heat, cold, touch, 

pressure, vibration, pain, itch, and injury; producing hair; controlling temperature (using sweat 

glands to control temperature; employing sense organs that regulate blood constriction to control 

skin tem- perature; containing fat that acts as insulation); and synthesizing hormones (best known 

of which is vitamin D). 

CB1 and CB2 receptors occur extensively in the skin (Ständer et al. 2005), and its ECS influences 

various biological processes, including cell proliferation, growth, differentiation, programmed cell 

death, and hormonal functions (Bíró et al. 2009). Cannabinoids have been shown to have anti- 

inflammatory effect on skin (Tubaro et al. 2010). Pathological skin conditions and diseases that are 

potentially influenced by the ECS include general symptoms such as itch and pain, tumors, as well 

as the following conditions (Bíró et al. 2009). 

 

 

 



 

 

Acne and Seborrhea 

Acne (acne vulgaris), one of the most common skin conditions, is characterized by increased 

production of sebum (an oily product of the sebaceous glands, which waterproofs the skin) and 

inflammation of the sebaceous glands, induced or aggravated by factors such as stress and diet 

and common in adolescence. Seborrhea is an inflammatory skin condition particularly affecting 

areas of skin enriched by sebaceous glands. It is similar to acne, and indeed, acne and seborrhea 

are the most common dermatological diseases. 

The sebaceous glands have endocannabinoid receptors, as do various skin cells, and there has 

been interest in the possibility that research, particularly with CBD, might produce a cannabinoid- 

based medicine to treat acne (Gardner 2010). Oláh et al. (2014) concluded that “CBD has potential 

as a promising therapeutic agent for the treatment of acne vulgaris.” 

 

 

Alopecia 

Alopecia is a pathological hair loss particularly affecting the scalp (effluvium is a form of alopecia 

characterized by diffuse hair shedding). 

Smoking marijuana has been claimed to reduce levels of plasma testosterone (e.g., Okosun et al. 

2014), the principal androgen of men (androgens include any hormones that stimulate male 

repro- ductive traits and behavior). Consistent with this, Purohit et al. (1980) found that forms of 

cannabis acted as androgen antagonists, suggesting to some that baldness in men (which is 

exacerbated by male hormones) could be alleviated by consuming marijuana. Curiously, however, 

a debate is com- mon on the Internet about whether or not consuming marijuana causes, rather 

than prevents, hair loss, a question that has not been decided. 

The subject of hair loss is a great psychological stress to many, and cannabis has become inti- 

mately associated with this subject. Forensic departments frequently test for the illicit 

consumption of marijuana by sampling the cannabinoid content of hair samples, reflecting the 

fact that can- nabinoids accumulate in hair, but it is unclear if this influences hair growth. 

Facetiously, smoking marijuana joints (especially roaches, i.e., the butts after most of the joint has 

been consumed) has caused hair loss by setting moustaches ablaze. 

 

 

Dermatitis 

Dermatitis is an inflammation of the skin, caused by various factors such as allergens (“allergic 

dermatitis”), infections, eczema (“atopic dermatitis”), external compounds (“contact dermatitis”), 

and so on. 

 



 

 

Karsak et al. (2007) noted, “Allergic contact dermatitis affects about 5% of men and 11% of 

women in industrialized countries and is one of the leading causes for occupational diseases. In an 

animal model for cutaneous contact hypersensitivity, we show that… cannabinoid receptor 

antago- nists exacerbated allergic inflammation, whereas receptor agonists attenuated 

inflammation. These results demonstrate a protective role of the endocannabinoid system in 

contact allergy in the skin and suggest a target for therapeutic intervention.” Campora et al. 

(2012) found that “The endocan- nabinoid system and cannabimimetic compounds protect 

against effects of allergic inflammatory disorders in various species of mammals…this system may 

be a target for treatment of immune- mediated and inflammatory disorders such as allergic skin 

diseases.” 

 

Hirsutism 

Hirsutism refers to excessive and increased hair growth (especially in women) on body regions 

where the occurrence of hair normally is minimal or absent. 

Telek et al. (2007) found experimentally that they could inhibit hair growth by application of 

anandamide or THC. 

 

Pruritis 

Pruritis is a severe itching, which can be due to several causes. 

Endocannabinoids can activate itch receptors (Bin Saif et al. 2011), suggesting the potential for 

therapeutic manipulation of the ECS to reduce itching. In a preliminary study, Neff et al. (2002) 

found THC alleviated itching in several patients with the liver disease cholestatic jaundice. 

 

Psoriasis 

Psoriasis is a chronic, autoimmune skin disease characterized by excessive production of skin cells 

and skin inflammation. 

Wilkinson and Williamson (2006) concluded that there is “a potential role for cannabinoids in the 

treatment of psoriasis.” 

 

Scleroderma 

Scleroderma (systemic sclerosis) is a chronic autoimmune disease characterized by diffuse fibrosis 

(accumulation of connective tissue), degenerative changes, and vascular abnormalities in the skin, 

joints, and internal organs. 

Balistreri et al. (2011) found that a synthetic cannabinoid is capable of preventing skin fibrosis in a 

mouse model of scleroderma. 



 

 

Tourette’s syndrome 

Gilles de la Tourette’s syndrome is a childhood-onset neurobehavioral complex of problems 

includ- ing motor and verbal tics and behavioral and cognitive disorders such as obsessive-

compulsive behavior. Motor tics are recurrent, semivoluntary brief movements. Verbal tics may 

be meaningless utterances, rapid and involuntary repetition, and uncontrollable obscene 

language. About 0.4% of people develop Tourette’s—four times as many males as females. The 

severity of the condition usu- ally abates in adulthood. 

Koppel et al. (2014) concluded that cannabis is of unknown efficacy in treating the symptoms of 

Tourette’s syndrome. Other researchers have provided more optimistic evaluations. Curtis et al. 

(2009) stated that “Cannabinoid medication might be useful in the treatment of the symptoms in 

patients with Tourette’s syndrome.” Hazekamp and Grotenhermen (2010) concluded that studies 

have shown that THC has promising effects on tics and behavioral problems associated with 

Tourette’s syndrome. Kluger et al. (2015) stated, “Clinical observations and clinical trials of 

cannabinoid-based therapies suggest a possible benefit of cannabinoids for tics.” Müller-Vahl 

(2013) noted that “Available data…consistently provide evidence for beneficial effects of 

cannabinoid- based medicines in the treatment of tics in patients with Tourette’s syndrome. In 

addition, there is some evidence that cannabinoid-based medicines may also improve associated 

behavioral problems such as obsessive compulsive behavior, attention deficits, impulsivity, and 

self-injurious behavior in this group of patients… It can be assumed that beneficial effects of 

cannabinoid-based medicines in Tourette’s syndrome are caused by modulations of the CB1 

receptor system, rather than unspeci- fied effects such as sedation or decreased general activity.” 

Müller-Vahl (2013) stated that “THC is recommended for the treatment of Tourette’s syndrome in 

adult patients, when first line treatments failed to improve the tics. In treatment resistant adult 

patients, therefore, treatment with THC should be taken into consideration.” 

 

MEDICAL APPLICATION OF SPECIFIC CANNABINOIDS 

Apart from the medical use of herbal marijuana, increasing efforts are underway to establish the 

efficacy of specific cannabinoids. THC, CBD, and CBN are the most studied cannabinoids. Howard 

et al. (2013) commented, “Currently available cannabinoids all contain the psychoactive 

constituent of Cannabis sativa, Δ9-tetrahydrocannabinol (Δ9-THC) or a synthetic analogue. They 

are gener- ally less effective or less well tolerated than alternative drugs and are relatively 

expensive… Their analgesic effect is modest.” Hill et al. (2012) stated: “Whilst Δ9-THC is the most 

prevalent and widely studied PCB [phytocannabinoid], it is also the predominant psychotropic 

component of cannabis, a property that likely limits its widespread therapeutic use as an isolated 

agent. In this regard, research focus has recently widened to include other pCBs including CBD, 

cannabigerol (CBG), Δ9-tetrahydrocannabivarin (Δ9-THCV) and cannabidivarin (CBDV), some of 

which show potential as therapeutic agents in preclinical models of CNS disease. Moreover, it is 

becoming evi- dent that these non-Δ9-THC PCBs act at a wide range of pharmacological targets, 

not solely limited to CB receptors.  



 

 

Disorders that could be targeted include epilepsy, neurodegenerative diseases, affective disorders 

and the central modulation of feeding behaviour.” 

 

Tetrahydrocannabinol 

There is wide acceptance that THC is the main component of marijuana responsible for euphoria 

and mood elevation, results that may be medically advantageous for treating mood disorders. 

More than 100 metabolites of THC have been identified, notably 11-hydroxy-delta-9 THC (11-OH-

THC). The latter produces analgesia and other psychoactive results, as well as muscle relaxant, 

appetite stimulant, and antiemetic (nausea reduction) effects. THC has been used to treat 

spasticity from spi- nal injury or MS, pain, inflammation, insomnia, asthma, loss of appetite, and 

other conditions (Izzo et al. 2009; Russo and Hohmann 2013). THC is a strong analgesic (Russo and 

Hohmann 2013) and can treat pain untouched by morphine-related analgesics. THC reduces 

intraocular pressure and has been used to treat glaucoma. Other properties of THC include anti-

inflammation, bronchodilation, and antioxidation effects. THC also affects bone remodeling, 

fertility, short-term memory, tumor growth, and motor coordination (Mechoulam 2002; Iversen 

2000), although these abilities have not been translated into therapies. THC is the main promoter 

of hyperphagia (hunger, producing the “munchies,” traditionally satisfied with sweets and snacks), 

but other cannabinoids of C. sativa may also play a role (Farrimond et al. 2011). 

 

Cannabidiol 

CBD has been found to affect physiology in numerous ways and is considered to have phar- 

macological value for treating more pathological conditions than any other cannabinoid. This 

extraordinarily versatile cannabinoid has been claimed to have potential for therapeutic use for 

treatment of numerous diseases and symptoms, including Alzheimer’s disease, arthritis, cancer, 

cerebral ischemia, congestion, convulsion, cough, diabetes, dystonia, epilepsy, hepatitis, inflam- 

matory diseases, nausea, obesity, PD, skin diseases, and several psychological disorders includ- ing 

ADHD, PTSD, and psychosis (Zuardi et al. 2006; Zuardi 2008). Fernández-Ruiz et al. (2013) 

commented, “CBD acts in some experimental models as an anti-inflammatory, anticonvulsant, 

anti-oxidant, anti-emetic, anxiolytic and antipsychotic agent, and is therefore a potential medi- 

cine for the treatment of neuroinflammation, epilepsy, oxidative injury, vomiting and nausea, 

anxiety and schizophrenia, respectively. The neuroprotective potential of CBD, based on the 

combination of its anti-inflammatory and anti-oxidant properties, is of particular interest.” As 

noted in the following, for several conditions, there has been experimental investigation of the 

efficacy of CBD. 

CBD is credited with analgesic, anticonvulsant, antiemetic, antiepileptic, anti-inflammatory, 

muscle relaxant, anxiolytic (anxiety-reducing), neuroprotective, antioxidant, and antipsychotic 

activity (Russo and Guy 2006; Mechoulam et al. 2007). CBD also results in reduction of intraocular 

pressure. “CBD produces its biological effects without exerting significant intrinsic activity upon 

cannabinoid receptors.  



 

 

For this reason, CBD lacks the unwanted psychotropic effects characteristic of marijuana 

derivatives, so representing one of the bioactive constituents of Cannabis sativa with the highest 

potential for therapeutic use” (Scuderi et al. 2009). As stressed elsewhere in this review, CBD 

antagonizes the psychotropic effects of THC and so can be employed for moderating effects such 

as anxiety, intoxication, hunger, sedation, and increase in heart rate produced by THC (Russo et al. 

2015). CBD also reduces the appetite-stimulating effect of THC (Morgan et al. 2010).  Izzo  et al. 

(2009) stated, “CBD exerts several positive pharmacological effects that make it a highly attractive 

therapeutic entity in inflammation, diabetes, cancer and affective or neurodegenerative diseases” 

and “CBD has an extremely safe profile in humans, and it has been clinically evaluated (albeit in a 

preliminary fashion) for the treatment of anxiety, psychosis, and movement disorders. There is 

good pre-clinical evidence to warrant clinical studies into its use for the treatment of dia- betes, 

ischemia and cancer.” Martin-Santos et al. (2012) concluded that “in healthy volunteers, THC has 

marked acute behavioural and physiological effects, whereas CBD has proven to be safe and well 

tolerated.” 

One of the more interesting studies of the potential practical value of CBD is that of Yang et al. 

(2014), who found that CBD protects the liver from damage from acute alcohol drinking, at least  

in mice. 

Hemp strains are relatively high in CBD and low in THC, and so their resin is a natural source for 

extracted CBD. Oilseed hemp strains have often been selected to produce a congested head (to 

facilitate collection of seeds), but if grown in a seedless (sinsemilla) form, the flowering head 

could be used as “bud” material for smoking. Some medicinal strains of C. sativa  have been 

selected  for very high production of CBD coupled with very low THC. The Tikun Olam company in 

Israel developed the strain Avidekel, reportedly producing a product (debatably called “highless 

mari- juana”) containing 15.8% CBD and only traces of THC (see Chapter 8 for additional 

discussion of highless marijuana). 

The following is a selection of conditions found to be beneficially affected by CBD. In fact, there 

are indications that dozens of illnesses might benefit from this remarkable cannabinoid. 

 

Arthritis 

Based on rodent studies, Malfait et al. (2000) found “that CBD, through its combined immunosup- 

pressive and anti-inflammatory actions, has a potent anti-arthritic effect.” “CBD exerts anti-

arthritic actions through a combination of immunosuppressive and anti-inflammatory effects” 

(Izzo et al. 2009). Additional information was provided previously, in the general discussion of 

arthritis. 

 

Cancer 

Although as discussed previously, marijuana is not a cure for cancer, there is evidence that 

cannabi- noids “are promising regulators of malignant cell growth” and that data “support the 

clinical testing of CBD against… carcinoma” (De Petrocellis et al. 2013; cf. Pacher 2013).  



 

 

“The non-psychoactive plant-derived cannabinoid CBD exhibits pro-apoptotic and anti-

proliferative actions in different types of tumours and may also exert anti-migratory, anti-invasive, 

anti-metastatic and perhaps anti- angiogenic properties. On the basis of these results, evidence is 

emerging to suggest that CBD is a potent inhibitor of both cancer growth and spread” (Massi et al. 

2013). 

 

Diabetes 

Weiss et al. (2008) found that CBD was useful in preventing diabetes in experimental mice. Izzo et 

al. (2009) commented, “CBD exerts beneficial actions against diabetes and some of its 

complications (e.g., retinal damage). The anti-inflammatory, antioxidant and neuroprotective 

actions of CBD could contribute to these protective effects.” Di Marzo et al. (2011) conjectured 

that CBD may be useful in reducing the damage from diabetes in humans. Also see the 

information for diabetes presented earlier. 

 

Epilepsy 

The therapeutic value of CBD for epilepsy is uncertain (Zuardi 2008). Jones et al. (2010), Porter 

and Jacobson (2013), Cilio et al. (2014), Devinsky et al. (2014), and others have noted that CBD is 

anti- convulsant and deserves to be evaluated for its ability to treat the disease. Welty et al. 

(2014) stated, “At this time, there does seem to be a growing body of basic pharmacologic data 

suggesting there may be a role for CBD, especially in the treatment of refractory epilepsy…further 

clinical research should be wholeheartedly pursued.” 

 

Inflammatory Bowel Diseases 

CBD is anti-inflammatory (Bowles et al. 2012) and so has potential value for treating inflammatory 

diseases. Commenting on the value of CBD for treating inflammatory bowel diseases, Esposito et 

al. (2013) stated that it “possesses an extraordinary range of beneficial effects that may slow the 

course of the disease, ameliorate symptoms and potentially increase the efficacy of the drugs 

actually available for the therapy of invalidating gut disorders such as ulcerative colitis or Crohn’s 

disease.” 

 

Nausea and Vomiting 

Rock et al. (2012) commented, “CBD acts in a biphasic manner, such that low doses suppress 

toxin- induced vomiting but high doses potentiate or have no effect on vomiting.” 

 

 



 

 

Neurodegenerative Diseases 

“CBD is a well-known antioxidant, exerting neuroprotective actions that might be relevant to the 

treatment of neurodegenerative diseases, including Alzheimer’s disease, Parkinson’s disease and 

Huntington’s disease” (Izzo et al. 2009). 

 

Pain 

Costa et al. (2007), on the basis of rodent studies, found that “Cannabidiol, the major psycho- 

inactive component of cannabis, has substantial anti-inflammatory and immunomodulatory 

effects” against pain. 

  

Psychiatric Disorders 

CBD has been found to be anxiety-reducing and has significance for this and other psychological 

problems, including depression and psychosis (Campos et al. 2012). “Experimental results suggest 

that it exerts antipsychotic actions and is associated with fewer adverse effects compared with 

‘typi- cal antipsychotics’” (Izzo et al. 2009). “Most clinical studies with normal subjects or 

schizophrenic patients suggest that CBD has antipsychotic properties” (Campos et al. 2012). 

“Evidence suggests that CBD can ameliorate…symptoms of schizophrenia” (Deiana 2013). Leweke 

et al. (2012) found that CBD “exerts clinically relevant antipsychotic effects that are associated 

with marked tolerabil- ity and safety, when compared with current medications.” Campos et al. 

(2012) concluded, “CBD is a safe compound with a wide range of therapeutic applications, 

including the treatment of psychi- atric disorders. These findings make this drug an attractive 

candidate for future clinical use” and “this natural cannabinoid should be considered as a 

potential approach for the treatment of mood disorders.” Rock et al. (2012) commented that CBD 

“has been shown to protect against cerebral ischaemia, inflammation, anxiety and, most recently, 

depression and even addiction.” De Mello Schier et al. (2014) noted that “Anxiety and depression 

are pathologies that affect human beings in many aspects of life, including social life, productivity 

and health. Cannabidiol is a constituent non-psychotomimetic of Cannabis sativa with great 

psychiatric potential, including uses as an anti- depressant-like and anxiolytic-like compound.” 

Schubart et al. (2014) stated, “Although cannabis use is associated with an increased risk of 

developing psychosis…evidence from several research domains suggests that CBD shows potential 

for antipsychotic treatment.” Prud’homme et al. (2015) reviewed the literature on addictive 

behavior in relation to CBD and concluded that “preclinical studies suggest that CBD may have 

therapeutic properties on opioid, cocaine, and psychostimulant addiction, and some preliminary 

data suggest that it may be beneficial in cannabis and tobacco addiction in humans. Further 

studies are clearly necessary to fully evaluate the potential of CBD as an intervention for addictive 

disorders.” Curran and Morgan (2014) consider CBD to be “a candi- date treatment for disorders 

of pathological fear memory, such as posttraumatic stress disorder and phobias.” “CBD bears 

investigation in…neuropsychiatric disorders, including anxiety, schizophre- nia, addiction, and 

neonatal hypoxic-ischemic encephalopathy.  



 

 

However, we lack data from well- powered double-blind randomized, controlled studies on the 

efficacy of pure CBD for any disorder” (Devinsky et al. 2014). 

 

Cannabinol 

CBN (recall that this is considered to be a degenerative artefact of THC) is weakly psychotropic 

(Russo 2007). It has been shown experimentally to have anticonvulsant and anti-inflammatory 

effects, ability to promote skin and bone growth, decrease heart rate and intestinal motility, and 

inhibit platelet aggregation and is considered to have some medical potential (Izzo et al. 2009). 

 

Other Natural Cannabinoids 

All cannabinoids may have pharmacological value, but in addition to those mentioned previously, 

the following, which are relatively common in some strains, are most often mentioned as having 

medical potential (for discussion, see Russo 2011a). 

 

Tetrahydrocannabivarin 

Δ9-THCV, a nonpsychoactive analogue of THC, can block cannabinoid receptors. “THCV seems to 

be a promising therapeutic compound because it has been shown to behave as a CB1 receptor 

antag- onist; at the same time, it activates CB2 receptors, thereby decreasing inflammation and 

oxidative stress” (Horváth et al. 2012). Similarly García et al. (2011) observed, “Given its 

antioxidant proper- ties and its ability to activate CB2 but to block CB1 receptors, Δ9-THCV has a 

promising pharma- cological profile for delaying disease progression in Parkinson’s disease and 

also for ameliorating parkinsonian symptoms.” McPartland et al. (2015) reviewed medical 

research on THCV and emphasized that its effects on CB receptors are complex, and it may 

demonstrate contradictory actions in in vitro (test tube) and in vivo (living animal) experiments. 

The following rodent studies suggest that it has therapeutic value. THCV has the capacity to 

reduce the intoxication of THC and has been shown to have anticonvulsant and anti-inflammatory 

properties (Bolognini et al. 2010), and to be capable of inducing weight loss in diabetic mice 

(Wargent et al. 2013). Hill et al. (2010), based on rat studies, and demonstrated that THCV 

suppresses epileptic and seizure activity. Horváth et al. (2012) suggested that THCV may have 

value in treating diabetes. Cascio et al. (2015) found that THCV has apparent antipsychotic effects 

and that it “has therapeutic potential for ameliorating some of the negative, cognitive and 

positive symptoms of schizophrenia.” 

 

 

 

 



 

 

Cannabigerol 

The nonpsychotropic cannabinoid CBG has some sedative, antibiotic, antifungal, antidepressant, 

and antihypertensive effects and decreases intraocular pressure. Borrelli et al. (2013), based on a 

study demonstrating therapeutic effects of CBG on inflammatory bowel disease in mice, 

suggested that it should be examined experimentally in patients. De Petrocellis et al. (2008) 

discussed the possibility of CBG having therapeutic effects on prostate cancer. Based on an in vivo 

(cell culture) study, Borrelli et al. (2014) found that CBG hampers colon cancer progression and 

inhibits the growth of colorectal cancer cells, and they recommended that CBG should be 

considered in the prevention and cure of colorectal cancer. 

 

Cannabichromene 

Cannabichromene has been found to exert anti-inflammatory, antimicrobial, antifungal, 

antidepres- sant, sedative, and analgesic activity (Izzo et al. 2009, 2012), based mostly on rodent 

studies. 

 

CAUTIONS REGARDING MEDICAL MARIJUANA 

Extensive negative effects of cannabis usage have been documented (as noted in Chapter 12). The 

variety of behavioral, psychological, and physical symptoms that are sometimes associated with 

the consumption of cannabis drugs are reviewed extensively in the references cited previously, as 

well as in the previous chapter. The following highlights some of the more significant concerns in a 

medical context. 

The effects of cannabis on reproduction have not been completely evaluated. Toxicological stud- 

ies have indicated that (in acute application studies in laboratory animals) cannabinoids can 

reduce the weight of sex organs and increase the weight of liver and adrenal glands, possibly 

through effects on sex hormones. Cannabis use during pregnancy has been alleged to slightly 

reduce birth weight of the baby (Hall 2014), although such studies rarely control for use of alcohol 

or cigarettes or check nutritional status. THC is transmitted in breast milk and can cross the 

placenta, reaching concentrations in the fetus of 10% to 30% of maternal levels (Holubek 2010). 

Accordingly, use dur- ing pregnancy and nursing seems (especially) contraindicated (but see 

information in the previous section dealing with morning sickness). 

Cannabinoids are very lipid soluble and accumulate in fatty tissue throughout the body. They are 

released very slowly and so can persist in people for more than a month after consumption. This 

does not necessarily suggest toxicity but needs to be considered in relation to long-term use and 

dosage. 

Wang et al. (2008a) reviewed adverse effects of the medical use of cannabis. Of about 5000 

adverse effects, most were not serious. As noted previously, death in humans due directly (i.e., 

short- term) to cannabis has not been reliably determined. Dizziness was the most commonly 

reported nonserious occurrence.  



 

 

Of the 164 serious events, the most frequent was relapse of MS, vomiting, and urinary tract 

infection. These authors concluded that “the risks associated with long-term use were poorly 

characterized in published clinical trials and observational studies.” Grant et al. (2012) noted the 

following risks in the medicinal use of cannabis: “Over the longer term cannabis may have  

unwanted systemic and psychoactive adverse effects that must be taken into consideration   in 

chronic pain populations, who have high rates of co-occurring medical illness (e.g., cardiovas- 

cular disease) and co-morbid psychiatric and substance use disorders. In general these effects are 

dose-related, are of mild to moderate severity, appear to decline over time, and are reported less 

frequently in experienced than in naïve users. Reviews suggest the most frequent side effects are 

dizziness or lightheadedness (30%–60%), dry mouth (10%–25%), fatigue (5%–40%), muscle weak- 

ness (10%–25%), myalgia (25%), and palpitations (20%).  

Cough and throat irritation are reported in trials of smoked cannabis. Tachycardia and postural 

hypotension are infrequent but caution is war- ranted in patients with cardiovascular disease, and 

possibly younger adults who intend to embark on very vigorous physical activity. At higher doses, 

sedation and ataxia with loss of balance are frequent. Participants in some but not all studies 

report euphoria…There can be adverse psychiat- ric side effects. THC intoxication and euphoria 

can be disturbing, particularly to elderly patients. Anxiety and panic attacks occur, as do frank 

psychotic reactions (principally paranoia).”   

Borgelt  et al. (2013) concluded, “Safety concerns regarding cannabis include the increased risk of 

develop- ing schizophrenia with adolescent use, impairments in memory and cognition, accidental 

pediatric ingestions, and lack of safety packaging for medical cannabis formulations” and 

“Extreme cau- tion should be used in patients with a history of cardiovascular disease or mental 

disorders and  in adolescents.” The small but real possibilities of cannabis usage triggering stroke 

or myocardial infarction are discussed by Mittleman et al. (2001), Mukamal et al. (2008), Renard 

et al. (2012), Wolff et al. (2013), and Thomas et al. (2014b) (also see the discussion of 

cardiovascular diseases presented earlier).  

Callaghan et al. (2013) reported that lifetime smoking of marijuana greater than 50 times was 

associated with more than a twofold risk of developing lung cancer (a conclusion dis- puted, for 

example, in Tashkin 2013). Risk of genotoxicity (genetic damage, including mutation) and 

carcinogenicity is considered to be low. “Although there have been suggestions that cannabis has 

adverse long-term effects on pregnancy, the immune system, fertility, and cognition, the 

preponder- ance of available evidence suggests that these are far less severe than originally 

thought” (Iverson 2002). “The evidence suggests that it is more likely than not that cannabis use 

precipitates schizo- phrenia in vulnerable persons…  

There is also some evidence that cannabis use is associated with increased likelihood of relapse to 

psychosis among those who have developed a psychotic disorder” (Degenhardt et al. 2013). In 

addition to the hazards reviewed here, see the information on “Health Risks” concerning 

recreational use, presented in the previous chapter. 

 

 

 



 

 

LIMITATIONS OF EXPERT MEDICAL GUIDANCE IN THE USE OF 
MEDICAL MARIJUANA 

Russo et al. (2015) summed up limitations on prescribed cannabis as follows: “Physicians often 

lack training in using botanical medicines, and endocannabinoid physiology is still absent from 

most medical school curricula. Many legal cannabis patients receive permission to use cannabis 

from their physician, but must rely on formula selection and dosing instructions provided by 

cannabis growers or dispensary staff with little training or experience.” 

 

Allergies due to Cannabis Sativa 

“Allergy to marijuana is generally considered to be rare” (Tessmer et al. 2012). Nevertheless, as 

discussed in the following, a variety of allergic problems have been recorded (note Tennstedt and 

Saint-Remy 2011). 

Atmospheric “aeroallergens” are a major source of allergies for people. Hemp pollen is widely 

distributed (as discussed in Chapter 4), and although not among the important sources of hay 

fever, it is a significant allergen for some people (Maloney and Brodkey 1940; Lindemayr and Jager 

1980; Freeman 1983; Tanaka et al. 1998; Stokes et al. 2000; Singh and Kumar 2003; Mayoral et al. 

2008; Swerts et al. 2014). As with other air-borne pollen, inhalation of pollen of C. sativa has been 

observed to cause allergic rhinitis, asthma, and conjunctivitis. Wild plants and hemp plantations, 

not cultivated marijuana, are likely to be the major sources of outdoor C. sativa pollen. Sinsemilla 

marijuana is generated in the absence of male plants, so it should not be contaminated with 

pollen. Dust resulting from processing plants of C. sativa can also cause occupational allergic 

reactions (both pulmonary and cutaneous) to develop, both for hemp and marijuana, although 

not commonly. Skin (cutaneous) allergies (urticaria, pruritus) from handling plants have been 

recorded (Majmudar et al. 2006; Williams et al. 2008; Tessmer et al. 2012; Rojas Pérez-Ezquerra 

2015). Several authors have suggested that cannabinoids, particularly THC, could directly cause 

allergies (reviewed in Ocampo and Rans 2015), but this has not been verified. 

Pin prick allergy tests using macerated preparations of C. sativa have been employed to deter- 

mine the proportion of people in various areas of the world who have become sensitized to the 

plant, since increasing cultivation and usage would suggest that there is increasing exposure to it. 

Larramendi et al. (2013) found that 8% of a sample of people in Spain were sensitized to canna- 

bis. Sensitization to cannabis can take place indirectly through the phenomenon of cross-reactive 

sensitization—i.e., by exposure to a material which not only induces sensitivity to itself but also to 

cannabis. Armentia et al. (2011) found that an astonishing 92% of patients sensitive to tomato 

were also sensitive to cannabis (cf. De Larramendi et al. 2008). It has been suggested that the 

increasing use of cannabis has induced sensitivity to common foods (Ebo et al. 2013). 

 

 

 



 

 

IS MARIJUANA A BONA FIDE MEDICINE? TENTATIVE 
CONCLUSIONS 

For better or worse, marijuana is being dispensed as a therapeutic agent (Figure 13.24), albeit 

only in some jurisdictions. This section reviews its relative legitimacy for various conditions. 

Swiss physician and alchemist Paracelsus (1493–1541; Figure 13.25) stated: “Everything is a 

poison. The difference between a poison and a medicine depends on the dose.” This profoundly 

insightful observation is taught to every medical student, but knowing that marijuana has both 

toxic and therapeutic properties doesn’t settle the simple question of whether it is a good 

medicine or a treatment of choice. As noted previously, marijuana and its constituent 

cannabinoids can alter human physiology in ways that may be medically advantageous for curing 

certain pathological states. However, not all medicines are equally efficacious for all diseases or 

for all people or for all circumstances, and the wisdom of utilizing cannabis for any particular 

person or malady, instead of alternative treatments, is unsettled. Unfortunately, medicinal 

aspects of cannabis are intertwined with its popularity as a recreational euphoric and symbol of 

personal freedom on the one hand and, on the other, concern over the harmful effects of 

dangerous drugs on individuals and society. It is embarrassingly clear that in the name of 

legitimate medicine, there is widespread prescribing of medical marijuana simply for personal 

enjoyment. It is equally clear that the harmful effects have been so exaggerated by establishment 

authorities that trust in research findings has been eroded. 
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Hazekamp and Pappus (2014) stated: “According to some, herbal cannabis, also known as mari- 

juana, is a substance whose abuse potential is well documented, but whose benefits are poorly 

characterized. However, this view overlooks the fact that the harmfulness of cannabis abuse is not 

as widely accepted as often assumed, and that some therapeutic effects claimed by patients are, 

in fact, clinically supported and sometimes even produced by registered [cannabis] medicines… As 

a result, it seems hard to reach any comfortable consensus on where the line may be drawn 

between the appropriate medical use and the abuse of this plant. Instead, what we observe is an 

interesting polarization of opinions on cannabis.” Mendizábal and Adler-Graschinsky (2007) 

observed, “As  in the case of the history of the therapeutic use of opioids, cannabinoid research is 

still the focus  of legal and moral controversy, an issue that has powerfully contributed to the 

delay in the clinical application of these drugs.” 

As noted in this chapter, there is experimental evidence that cannabis drugs are clinically useful 

for alleviating nausea, vomiting, and appetite problems, especially following radiation therapy and 

chemotherapy, notably for cancer and AIDS patients; for relieving the tremors and/or spasticity 

associ- ated with MS and other neurodegenerative conditions; and for pain relief. As well, there is 

substantial anecdotal evidence that cannabis drugs are potentially useful for a host of other 

conditions and symp- toms.  

F I G U R E  1 3 . 2 5  P A R A CE L S U S ,  T H E  “ F A T H E R  O F  T O X I C O L O G Y , ”  W H O S E  O B S E R V A T I O N S  B E A R  O N  T H E  M E D I C I N A L  

N A T U R E  O F  M A R I J U A N A .  T H I S  P U B LI C  D O M A I N  P A I N T I N G  I S  O N E  O F  M A N Y  CO P I E S  O F  T H E  LO S T  O R I G I N A L  B Y  

A R T I S T  Q U E N T I N  M A T S Y S  ( 1 4 6 6 – 1 5 3 0 ) .  



 

 

However, Turcotte et al. (2010) concluded, “It is important that cannabinoids not be considered 

‘first-line’ therapies for conditions for which there are more supported and better-tolerated 

agents. Instead, these agents could be considered in a situation of treatment failure with standard 

therapies or as adjunctive agents where appropriate.” At present, cannabis is not considered a 

first-line therapy for any medical condition. Wilkinson and D’Souza (2014) stated: “Medical 

marijuana differs signifi- cantly from other prescription medications. Evidence supporting its 

efficacy varies substantially and in general falls short of the standards required for approval of 

other drugs by the US Food and Drug Administration (FDA). Some evidence suggests that 

marijuana may have efficacy in chemotherapy- induced vomiting, cachexia in HIV/AIDS patients, 

spasticity associated with multiple sclerosis, and neuropathic pain. However, the evidence for use 

in other conditions—including posttraumatic stress disorder, glaucoma, Crohn disease, and 

Alzheimer disease—relies largely on testimonials instead of adequately powered, double-blind, 

placebo-controlled randomized clinical trials. For most of these conditions, medications that have 

been subjected to the rigorous approval process of the FDA already exist.” Hill (2015) surveyed 

the medical literature on cannabis and concluded, “Use of marijuana for chronic pain, neuropathic 

pain, and spasticity due to multiple sclerosis is supported by high-quality evidence… Medical 

marijuana is used to treat a host of indications, a few  of which have  evidence  to support 

treatment with marijuana and many that do not. Physicians should educate patients about 

medical marijuana to ensure that it is used appropriately and that patients will benefit from its 

use.” 

Whiting et al. (2015) examined the literature on cannabis with respect to benefits and adverse 

effects. Specifically examined were randomized clinical trials dealing with nausea and vomiting 

due to chemotherapy, appetite stimulation in HIV/AIDS, chronic pain, spasticity due to MS or 

para- plegia, depression, anxiety disorder, sleep disorder, psychosis, glaucoma, and Tourette’s 

syndrome. They concluded that “There was moderate-quality evidence to support the use of 

cannabinoids for the treatment of chronic pain and spasticity. 

 There was low-quality evidence suggesting that can- nabinoids were associated with 

improvements in nausea and vomiting due to chemotherapy, weight gain in HIV infection, sleep 

disorders, and Tourette syndrome. Cannabinoids were associated with an increased risk of short-

term adverse effects.” 

Friedman and Devinsky (2015) reviewed the medical literature relating cannabis and epilepsy and 

concluded “The use of medical cannabis for the treatment of epilepsy could go the way of vitamin 

and nutritional supplements, for which the science never caught up to the hype and was drowned 

out by unverified claims, sensational testimonials, and clever marketing.” Cannabis is cur- rently 

being similarly advocated for dozens of illnesses, without adequate demonstration of effec- 

tiveness, and it is inevitable that some conditions will not prove to be usefully treated with it. 

Despite thousands of research studies and the recent publication of dozens of comprehensive 

science-based reviews regarding the pros and cons of medical marijuana, there is not yet a 

consen- sus that any particular cannabis-based treatment is preferable to other available 

therapies, at least for the majority of patients. Testimonials to the efficacy of medical marijuana 

are widespread, but there are also cautions regarding possible significantly deleterious effects, 

particularly on youth and psychologically susceptible individuals. 



 

 

However, there is a consensus that further research is required. Almost every recent published 

analysis of the medical nature of cannabis (including this book) concludes that more research is 

needed to assess the relative costs/benefits of marijuana employed for therapeutic purposes. 

Indeed, study is required before it can be concluded indisputably that cannabis is the most 

appropriate therapy for any particular condition or person. 

Aggarwal et al. (2009) nicely evaluated the controversy over medical marijuana: “Arguably can- 

nabis is neither a miracle compound nor the answer to everyone’s ills. Yet it is not a plant that 

deserves the tremendous legal and societal commotion that has occurred over it.” At least a 

minority of medical marijuana patients and their caregivers become so convinced of the value of 

cannabis that further discussion becomes fruitless; conversely, the view that marijuana is an 

unredeemable drug of abuse remains prevalent. Given the controversies and emotion associated 

with marijuana, it is probably impossible to state an evaluation of its current and potential 

medicinal value that will satisfy a majority of society or even the most informed minority. 

Nevertheless, the following tenta- tive conclusion is offered. Medicinal cannabis and technologies 

for its usage currently appear to possess modest value for treating some illnesses but may have 

much greater potential for alleviating a wide variety of ailments. The endocannabinoid system of 

the body has such profound significance for human health that its medical manipulation may one 

day, with considerable probability, have outstanding therapeutic value. The persisting conviction 

that accepting marijuana as a legitimate medicine compromises society’s “War on Drugs” remains 

a roadblock to research. Smoking and the consequent exposure to hundreds of toxic chemicals is 

universally viewed as extremely undesirable medically, and the production of new 

pharmacological products that deliver cannabinoids efficiently is a key to the future acceptance of 

medicinal marijuana. 

 

 

Medical-Ethical Perspectives of Legalization of Medical 
Marijuana 

There are endless numbers of publications arguing the merits for and against allowing the usage 

of medical marijuana from an ethical perspective. Aside from perspectives based exclusively on 

“human rights,” the viewpoints of physicians and medical ethicists are particularly important 

because they are actually confronted with a wide variety of challenging situations. Thompson and 

Koenen (2011) noted: “There are compelling arguments both for and against the use of medical 

cannabis. Those who support its medical use argue that marijuana can be an effective medication 

to reduce suffering for patients who have exhausted all other means of treating a condition. 

Those who argue against the medical use of marijuana cite the lack of data on its safety and 

efficacy, an ever-expanding list of conditions that the drug is purported to treat, and fear that 

recommendations for medical marijuana are a physician’s blessing for drug abuse.” 

 

 



 

 

The following statements are representative of the viewpoint that medical marijuana should not 

be available: 

There is some evidence to support the use of marijuana for nausea and vomiting related to 

chemo- therapy, specific pain syndromes, and spasticity from multiple sclerosis. However, for 

most other indi- cations…such as hepatitis C, Crohn disease, Parkinson disease, or Tourette 

syndrome, the evidence supporting its use is of poor quality… Evidence justifying marijuana use 

for various medical conditions will require the conduct of adequately powered, double-blind, 

randomized, placebo/active controlled clinical trials to test its short- and long-term efficacy and 

safety… Since medical marijuana is not a life- saving intervention, it may be prudent to wait before 

widely adopting its use until high-quality evidence is available to guide the development of a 

rational approval process. (D’Souza and Ranganathan 2015) Empirical and clinical studies clearly 

demonstrate significant adverse effects of cannabis smok-  ing on physical and mental health as 

well as its interference with social and occupational functioning. These negative data far outweigh 

a few documented benefits for a limited set of medical indications, for which safe and effective 

alternative treatments are readily available. If there is any medical role for cannabinoid drugs, it 

lies with chemically defined compounds, not with unprocessed cannabis plant. Legalization or 

medical use of smoked cannabis is likely to impose significant public health risks, including an 

increased risk of schizophrenia, psychosis, and other forms of substance use disorders. (Svrakic et 

al. 2012) 

 

The following statement is representative of the viewpoint that medical marijuana should be 

available: 

Recent studies have shown that medical marijuana is effective in controlling chronic non-cancer 

pain, alleviating nausea and vomiting associated with chemotherapy, treating wasting syndrome 

associated with AIDS, and controlling muscle spasms due to multiple sclerosis. These studies state 

that the alle- viating benefits of marijuana outweigh the negative effects of the drug, and 

recommend that marijuana be administered to patients who have failed to respond to other 

therapies… After reviewing relevant scientific data and grounding the issue in ethical principles… 

there is a strong argument for allowing physicians to prescribe marijuana. Patients have a right to 

all beneficial treatments and to deny them this right violates their basic human rights. (Clark et al. 

2011) 

 

 

 

 

 

 

 

 



 

 

CURIOSITIES OF SCIENCE, TECHNOLOGY, AND HUMAN 
BEHAVIOR 

• The medical use of cannabis as a suppository dates back to ancient Egypt (Russo 2003a). 

Today, chemical preparations of THC (hemisuccinates; THC itself is poorly absorbable rectally) are 

widely used in medical cannabis suppositories, providing good bioavailability and sparing patients 

the problems associated with oral and pulmonary application (Walker et al. 1999). The subject is 

“the butt of puns,” including “the posterior is superior,” “back- door medicine,” and “bend over, 

it’s time to get high.” 

• In ancient China, priest-doctors used hemp stalks into which snake-like figures were carved 

as an aide to curing the sick. The sickbed was pounded with the stalks in an attempt to drive away 

the demons responsible for the sickness. 

• A belief that has persisted to modern times in the Himalayan region is that if a cobra is 

killed and buried, and Cannabis seeds are grown on the site, they will yield extremely potent 

forms of marijuana, which can be used for medicinal purposes, especially to treat tuberculosis. 

• Hempseed was commonly used in folk medicine in Europe. In some parts of Eastern 

Europe, doctors instructed patients whose gums and teeth were thought to be infested with 

worms to inhale hempseed fumes so that the parasites would become intoxicated and fall out 

(Benet 1975). 

• On Saint John’s Eve in Europe, farmers would feed hemp flowers to their livestock in the 

belief that this protected the animals from evil and sickness. 

• In the Balkans, an ancient folk ritual intended to cleanse people of diseases, and practiced 

until the early part of the twentieth century, was to run through a circle of burning hemp. 

• In eighteenth century Britain, hempseed oil in milk was used to remedy venereal diseases. 

• Free samples of medical Cannabis preparations were offered to visitors to the 1876 

American Centennial Exhibition in Washington, DC. 

• Sir Richard Reynolds, personal physician of Queen Victoria (1819–1901), is widely claimed 

to have prescribed an alcoholic tincture of Cannabis to treat her severe menstrual cramps (a 

report that has been disputed). 

• As noted by Benet (1975), in central Asia in the early twentieth century, marijuana oint- 

ments were employed to alleviate the pain of wedding night defloration and “to shrink  the vagina 

and prevent fluor alvus” (a disease caused by infection or inflammation of the genitals, commonly 

suffered by women). Male genitals also benefitted from comparable preparations of marijuana—

in youth, to relieve the pain of circumcision and, in old age, as an aphrodisiac. 

• Endocannabinoid is often abbreviated ECB. ECB is also a common abbreviation or acro- 

nym for many names, most often “European Central Bank” (the central banker for coun- tries in 

which the Euro is the standard currency). Among the more amusing meanings    of ECB are “East 

Coast Bozoism” (“a syndrome that is seen in politics, economics, and business seen within DC and 

other eastern elite and power circles”) and the “England and Wales Cricket Board” (which 



 

 

explained that EWCB is too long, “because the public don’t identify with four initials as readily as 

with three”). 

• “Cloninger type 1 alcoholics” are characterized by anxiety-prone temperaments and late 

onset of alcohol problems, while type 2 alcoholics (about 20% of alcoholics) are strongly 

influenced by heredity and exhibit teenage-onset heavy drinking and antisocial behav-  ior such as 

impulsive risk-taking and violent behavior. Based on brain postmortems, Lehtonen et al. (2010) 

found that anandamide levels in type 1 alcoholics were significantly low, but significantly high in 

the rarer type 2. These results suggest that most alcoholics might be better advised to use 

cannabis to compensate for anandamide deficiency rather than employing alcohol as their drug of 

choice. Curiously, in the early twentieth century, 

C. sativa was “used for the cure of chronic alcoholics in central Asia quite successfully” (Benet 

1975). Russo (2011a) discussed the possibility that certain terpenes in marijuana can serve as 

short-term antidotes to alcohol intoxication. 

  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Medical Marijuana: Production 
THE NEED FOR HIGH STANDARDS OF PROFESSIONALISM 

Gardening is the most popular leisure activity in the world. It is relatively easy to cultivate plants 

outdoors, somewhat more difficult indoors. Most people can grow plants of reasonable but rarely 

outstanding quality in both circumstances. Professional horticulturalists, however, employ sophis- 

ticated equipment and techniques to maximize yield, quality, and efficiency of production. Many 

illicit growers have in fact acquired a remarkable degree of skill and knowledge, and are in 

demand currently to oversee large commercial marijuana production enterprises that are being 

established, as shown in Figure 14.1. However, a very high degree of horticultural professionalism 

is now essen- tial to compete in the legal marijuana production industry, and self-taught amateurs 

experienced in illicit clandestine techniques do not necessarily have the background that best 

suits a legal industry. In particular, production of plants for consumable purposes, especially for 

medicinals, requires that the material be generated using “good agricultural practice” (GAP). GAP 

is variously defined but is generally understood to include responsible principles of cultivation, 

harvesting, and process- ing that result in safe products while giving due consideration to social 

and economic conditions, as well as environmental sustainability. As reviewed in Chapter 12, 

illicitly produced street marijuana is frequently contaminated or adulterated, sometimes 

dangerously so.  

As reviewed in Chapter 16, illicitly produced street marijuana is typically produced with flagrant 

disregard for the safety of the environment. While the increasing legalization of cannabis offers 

those who have engaged in criminal generation of marijuana the opportunity to engage in 

legitimate production, the industry needs to engage personnel with high ethical standards. 

 

FUNDAMENTALS OF MARIJUANA PLANT PRODUCTION 

Overview of Production 

Techniques for the generation of high-grade marijuana have now become more or less 

standardized— in governmental and authorized private sector production, as well as in the illicit 

trade. There are well over a hundred books that provide directions for the cultivation of marijuana 

plants and con- sequent preparation of cannabis products. There is also an enormous “grey” 

literature (i.e., not like the kind of reputable documents produced by accepted authors and found 

in most libraries), much of it on the Internet. Despite the counter-culture nature of most such 

publications (really intended for the illicit trade) and the presence of some inaccurate and 

contradictory information, these sources are generally useful. Particularly competent or 

informative guides to aspects of marijuana cultivation include Clarke (1977, 1981), Drake (1979), 

Carver (1997), Frank (1997), Rosenthal et al. 

 



 

 

(1997), Rosenthal (1998), Green (2003), and Cervantes (2006, 2015). Note that a number of tech- 

niques (described in Chapter 6) are employed by illicit growers to maximize productivity in very 

small grow rooms, but these methods are of limited usefulness in professional large-scale facili- 

ties. A brief review of pertinent information on current production of marijuana follows. 

Seedless marijuana is known in the illicit trade as “sinsemilla,” Spanish for seedless. Since seeds 

are virtually without tetrahydrocannabinol (THC) and serve to adulterate or reduce the qual- ity of 

the product, this generally means that seedless material is comparatively potent. Sinsemilla 

marijuana has become the standard form of intoxicating herbal cannabis. Female plants are culti- 

vated in the absence of males, so they are protected against receiving pollen and do not develop 

seeds. As discussed in Chapter 11, males have lower levels of cannabinoids and are less 

productive than females. More importantly, because seeds are virtually devoid of cannabinoids, 

their presence substantially dilutes the female plant’s production of cannabinoids, the chief 

desired chemicals. As noted in Chapter 4, sex expression is variable in Cannabis sativa, and it is 

necessary to check plants to ensure that some male flowers do not develop. 
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For the most part, once desirable female plants have been identified, they are reproduced 

asexually, yielding identical (i.e., cloned) individuals. The use of cloned plants contributes to the 

production of a uniform and predictable grade of marijuana. Branch cuttings (with a meristem, 

i.e., a growing point) are harvested, rooted, and grown to a desirable size and then are induced    

to flower by increasing the dark period of the 24-hour daily cycle. (As noted in Chapter 5, most 

strains of C. sativa are composed of short-day plants, photoperiodically adjusted to initiate flow- 

ers in the late summer and early autumn when day length shortens. As also noted, daily exposure 

to 13–14 hours of darkness causes most marijuana strains to come into flower.) In the absence of 

male plants producing pollen that normally fertilizes the female flowers, resulting in the produc- 

tion of seeds, the flowering branches continue to abundantly develop female flowers, each with    

a perigonal bract covered by secretory glands producing cannabinoids. The flowering branches 

become strongly covered with flowers (at which point the congested terminal branch systems are 

known in the illicit trade as “bud”). While much of the plant could be collected to produce mari- 

juana, increasingly only the buds are collected for marijuana (although much of the above-ground 

plant is also used to extract cannabinoids). 

Harvest time is based on judgment of when a maximum concentration of THC has developed. The 

secretory glands mature as the flowers mature, overmature glands tending to have decreased 

levels of THC. In the illicit cannabis drug trade, it is well known that marijuana plants need to be 

harvested when many of the glands are mature (which occurs when many of the flowers are 

mature) but while there are not too many overmature glands present. Some growers will harvest 

the ter- minal inflorescence first, since it matures relatively quickly, and allow the slower maturing 

lower flowering portions more time to develop (usually about an extra week). Should the ideal 

harvest period be exceeded, more material will be generated (because of plant growth), but that 

material will be lower in THC because of gland deterioration. 
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After harvest, plants are dried for several days, typically in a separate room. The buds may be 

individually picked and the larger leaves trimmed away with scissors (a labor-intensive procedure 

providing considerable employment; trimmings are frequently kept as raw material for extracts). 

Subsequently, the buds can be pulverized or screened, although intact trimmed buds usually fetch 

a premium price. The flowering material from the dried plants can simply be stripped off, followed 

by pulverizing. The final product is placed in packages of standard weight, or ground material can 

be made into cigarettes. 

Large-scale greenhouse operations for ornamental, edible, and medicinal crops are normally 

automated to reduce labor and ensure strict control of schedules and environmental variables. 

This includes automatic implementation of regimes for lighting, ventilation, and fertigation 

(combining irrigation and liquid-soluble fertilization). A simplified plan showing essential rooms 

required for a professional marijuana production facility is shown in Figure 14.2. 

As with all commercial endeavors in which several factors contribute to the final product, maxi- 

mum profits are achieved by a compromise of inputs. Marijuana production efficiency primarily 

depends on an economic combination of light intensity, planting density, and strain of marijuana. 

 

Planting Density and Yields 

Whether indoors or outdoors, density of planting affects yield of marijuana harvestable from a 

given plant or from a given area. The best planting density for a given strain needs to be 

determined by trial and error, but the information presented in the following provides general 

guidelines. In most circumstances, the area available to growers is limited, and yield per unit area 

is of far greater importance than the amount of material harvested from a given plant. Yield is 

best expressed in terms of usable dried marijuana produced per unit area; in practice, the “dry 

weight” (air-dry weight) of marijuana can range from 10% to 15% of “fresh” or “green” weight. 

 

Indoor Yields 

For competitive reasons, commercial producers of marijuana usually do not reveal yield data. 

Vanhove et al. (2011) found that yield/m2 did not differ between densities of 16 plants/m2 and 20 

plants m2 (of course, the lower density produced larger plants). Toonen et al. (2006) surveyed 

yield of illicitly grown indoor sinsemilla (seedless) C. sativa in the Netherlands and found that 

based on a mean plant density of 15/m2  and an illumination of 510  watts/m2, the mean yield for     

a single harvest of buds was 33.7 g/plant or 505 g/m2. Toonen et al. (2006) noted that four to six 

indoor harvests per year are possible, and the THC level of buds was about 15%.  

They recommended a density of 32 plants/m2 for optimal yield. Also based on the Netherlands 

indoor plants, Leggett (2006) suggested average relative ratios of wet, dry, and bud material of 

10:3:1 (i.e., wet weight of plant:dry weight of plant:dry weight of harvested buds).  

 



 

 

Bedrocan, the sole authorized supplier of medical marijuana to the Netherlands government since 

2001, reported an average yield of 315 g/m2 for their strain Bedrocan and 251 g/m2 for their 

strain Bedica, employing a plant density of 2.33 per m2 and a light intensity of 423 W/m2 

(Vanhove et al. 2011). Bedrocan’s Bedrocan strain is a sativa type variety, while their strain Bedica 

is an indica type, the former longer-flowering, contributing to the higher production. The yield 

figures in Caulkins et al. (2012) and Hawken and Prieger (2013) vary from 325 to 430 

g/m2/harvest. 

In summary, the literature indicates that yields usually range from about 250 to about 500 g/m2/ 

harvest, with about four harvests expected annually. 

 

Outdoor Yields 

Leggett (2006) suggests a representative figure of 100 g/m2 (or 1 tonne/ha) for yield of outdoor 

crops, although five times as much is possible. In most temperate region locations, only one crop 

can be produced during the year, but two or three are possible in subtropical and tropical areas. 

(The length of the daily dark period is a major obstacle to growing most strains of marijuana 

outdoors near the equator. At the equator, the dark and light periods are about 12 hours long, but 

this very short dark period normally induces marijuana strains to flower, so near the equator, 

most strains would flower prematurely. Only day-neutral strains would be suitable [see Chapter 

5].) Because several indoor crops can be grown in a year, and productivity can be manipulated by 

various techniques, indoor production can be 15–30 times as much as outdoor production for a 

given area (Leggett 2006). Nevertheless, as for most annual crops, outdoor cultivation is much 

more economical when expressed on a cost/gram basis, although for security and quality control 

of production, indoor cultivation is usually necessary for licensed marijuana production in most 

countries. Compared to most major field crops, a relatively small outdoor area is needed to satisfy 

the needs of a large consumer population (Small 1971). 

 

Governmental Production Quotas 

Most growers of marijuana benefit from high efficiency of production. (In some jurisdictions, pri- 

vate citizens are allowed to grow a small number of plants, in which case efficiency of production 

is not much of a concern.) Illicit growers of cannabis particularly need to maximize yield from a 

given area because the larger the area utilized, the greater the chance of detection. Authorized 

commer- cial growers of cannabis also need to maximize yield from a given area because 

governments often limit the area that may be used to cultivate plants. For commercial growers, 

higher production per unit area may have some detrimental aspects that lower profits. High plant 

densities can be condu- cive to pests and diseases and make handling (tying branches to supports, 

trimming away damaged branches, harvesting) difficult. Constructing very small walkways 

between benches allows more space for plants but less for handlers.  

 



 

 

Sometimes, misguided policies have authorized private sec- tor growers to produce only a limited 

number of plants (e.g., 100), in which case they have often been carefully nurtured to develop 

into giants so that each individual would produce as much as 100 typical indoor marijuana plants. 

This can be achieved by manipulating the photoperiod to keep the plants vegetative and allowing 

them to grow for long periods under luxuriant conditions. When jurisdictions limit grower 

production by quotas, factors contributing to yield need to be specified. A professional marijuana 

production facility necessarily requires space for noncultivation facili- ties (washrooms, record 

rooms, storage, etc.) and space that directly supports cultivation (power, heating, etc.) and 

processing (drying, manicuring, packaging, etc.). Moreover, “growing space” can include areas 

dedicated to establishing seedlings or cuttings, areas for vegetative growth, and areas for 

flowering plants (Figure 14.2). Since the last-mentioned is the key stage of production, a sensible 

quota system could be based exclusively or mainly on the area in which plants are in flower. 

 

Growth Media 

All of the techniques presently used to grow horticultural plants in commercial greenhouses can 

be employed to grow marijuana plants. These include hydroponics (roots growing in water but 

supported by an inert medium) and aeroponics (exposed roots growing in air are misted with 

nutrient solu- tion), both typically conducted in large tanks housing numerous plants. The use of 

so-called “soilless” media, both inorganic (such as gravel or rockwool) and organic (such as coir, 

i.e., coconut husk), effec- tively represents hydroponic culture, even if the plants are placed in 

individual pots, since all nutrients are added in solution. The appropriate pH for nutrient solutions 

employed for hydroponic cultivation is lower (typically 5.2–5.8) than is optimum for culture in soil 

(6.5–7.2). A mystique about the alleged superiority of hydroponic growth of marijuana has 

developed. However, hydroponic production of marijuana does not appear to be notably 

advantageous over conventional soil-based methodology, and most growers do not employ purely 

water-based production systems. “Such systems do not appear to increase cannabis productivity 

or potency” (Potter 2014) and require considerable cultivator knowl- edge and experience. A 

possible advantage is that hydroponic growth can lessen the possibilities of microbiological and 

chemical contamination that sometimes comes from soil cultivation, but these potential problems 

always require diligence, whatever cultivation techniques are employed. 

Traditional culture in pots of soil can produce entirely satisfactory results and is the principal 

method employed. Indoor plants are grown in pots of compost and soil (sometimes referred to as 

“organic,” although this hardly defines organic agriculture as it is usually understood). Most 

profes- sional marijuana growers prepare their own soil mixes or purchase commercial 

preparations. Peat- based mixes are commonly employed because of their water-retentive 

capacity, but lime is often added to reduce the natural acidity of peat. Sterilization of growth 

media prior to planting is highly advisable to reduce disease. Professional growers add mineral 

nutrients on a need basis, based on soil analysis. Whatever type of pot culture is adopted, 

horticulturalists often “flush” accumulated salts and minerals away with running water, typically 

after a substantial number of chemical nutri- ent fertilizations, often in the last two weeks prior to 

harvest. 



 

 

Fertilizer mixtures alleged to be formulated specifically for marijuana plants are sometimes avail- 

able commercially. “Growth boosters” (often plant growth hormones, sometimes preparations 

alleged to enhance root health) are also sometimes available, but the phrase “caveat emptor” 

should be remem- bered. Fertilizers based wholly or in part on animals (manure, bone meal, and 

blood) may harbor pathogenic bacteria, and although the risk is low, production of medicinal 

products requires extreme care. “Aquaponics” combines conventional “aquaculture” (raising 

aquatic animals such as snails, fish, crayfish, or prawns in tanks), taking advantage of the animal 

excretions to fertilize the plants. Because the excreta could be toxic, production of marijuana by 

such system would require study of safety aspects, although vegetables are often aquaponically 

grown. As discussed later, medical marijuana production is usually required to meet health 

standards of good agricultural practices and good manu- facturing practices. 

 

Vegetative Propagation 

Once elite female plants are obtained or selected, they are maintained indefinitely by keeping 

them in a vegetative state (typically at 18 hours of light daily), although as discussed in Chapter 5, 

some strains are completely or partly insensitive to photoperiodic regime and will flower 

regardless of the grower’s wishes. Occasionally, some female plants will prove to have a tendency 

to produce some male flowers, and these should be removed (although such unique plants are 

useful for breeding). 

The art of reproducing horticultural plants by cuttings is well established, but different species 

tend to have somewhat different requirements. Numerous guides provide protocols for 

propagating 

C. sativa by cuttings (e.g., Chandra et al. 2010b; Upton et al. 2013). Vigorous “mother plants” 

(some- times “motherplants”) are employed as the starting material, and cuttings are harvested 

serially as needed. Mother plants can be maintained in the vegetative state for 20 or more years 

(Clarke and Watson 2006). However, new mother plants are usually established every few months 

from cut- tings, as the old ones gradually deteriorate from all the cuttings taken (or sometimes 

from diseases that infect the cut stems). Typically, a short branch with two or three leaves is cut 

off, at a 45° angle below a node (a joint on the stem where a leaf or leaves arise) (a sterile blade is 

recommended), and about 2 cm of the base is dipped in a rooting hormone (such as indole-3-

butryic acid). The cuttings may be grown in coco fiber, perlite, rock wool, sand, vermiculite, or 

some other rooting medium or mix (preferably sterile or sterilized), in small individual peat pots or 

large collective trays. They are placed so that at least one node at the base of the cutting is in the 

rooting medium. Plants are irrigated so that the rooting medium remains moist (hydroponic 

culture is alternatively practiced). The environment is kept moist (ca. 50% humidity), warm (ca. 

25°C), and under diffused light. A small plastic tent is often fashioned over cuttings to maintain a 

desired humidity. Adequate rooting typically occurs in two to three weeks, and several weeks 

later, the young plants are placed in larger pots and transferred to a growth room or greenhouse. 

 



 

 

Advanced biotechnological techniques have been employed to mass propagate excised apical 

meristems rather than whole cuttings (Wang et al. 2009; Upton et al. 2013) and even to 

encapsulate these as “synthetic seeds” for field planting (Chandra et al. 2010b; also see Chapter 

4). 

 

Lighting 

Light is the most critical requirement for plant growth (for a review of the physiological roles that 

light plays, see Chen et al. 2004). Different kinds of lights have been employed for indoor produc- 

tion of marijuana. The advantages and disadvantages of the most popular kinds of lighting are 

examined in this section. The efficiency that different lamps convert electricity to light is a criti- cal 

cost consideration. Large illicit grow-ops often steal electricity (Chapter 16) because it is so 

expensive and to avoid detection by the police, who often look for abnormally large consumption 

in residential areas. 

 

Light Intensity 

Cannabis sativa is naturally adapted to grow in full sunlight, and increasing light intensity strongly 

promotes photosynthesis and growth (Lydon et al. 1987; Chandra et al. 2008). Most marijuana 

strains originate from latitudes south of north latitude 40°N (indeed, generally south of 30°N) and 

so are adapted to very high light intensities. Chandra et al. (2010a) found that clonally propagated 

plants pro- duced higher THC levels outdoors in Mississippi than the corresponding genetically 

identical (cloned) indoor plants and attributed this to the light intensity outdoors—slightly more 

than twice as intensive as the indoor situation. Light intensity in indoor facilities is normally the 

key factor limiting productiv- ity. To increase lighting intensity, artificial light sources can be 

positioned close to the canopy of grow- ing plants. However, because of the heat produced by 

most lighting systems, they cannot be placed too closely, although air-cooled high-intensity lamps 

can be placed relatively close to the plants. 

For security reasons, indoor production of marijuana is often carried out using only artificial light 

(Figure 14.3). Potter (2014) described the production system (in England) of GW Pharmaceuticals, 

using a greenhouse system with supplemental illumination providing approximately half the light 

energy required during the year (Figure 14.1). This employed lighting supplying 55 W/m2, which is 

well above levels in U.K. glasshouses producing food or ornamental crops. 

The “strength” of light can be measured in various ways. “Light intensity” (measured in Lux or 

Lumens) is a total measure of solar radiation, but less than half of this includes photosynthetically 

active radiation (between wavelengths 400 and 700 nm). From the perspective of plant 

photosynthesis, light is best measured as photon flux density, a measure of light energy (in moles) 

received per unit of time per unit of area.  

 



 

 

Chandra et al. (2008) reported that C. sativa benefits from light up to a pho- ton flux density of 

1500 μmol/m2/s. For practical reasons, however, yield data (discussed later) are often presented 

in terms of weight produced/watts utilized, since lamps are measured in wattage, and expressing 

the weight of marijuana produced in relation to wattage is a direct measure of cost/unit. 

 

Cannabis plants can tolerate much more light intensity than humans can, and so while the plants 

will grow better under extremely high interior lighting, workers can find the lights too bright for 

comfort. In any event, after moderately high lighting is provided, progressive increases of light 

intensity produce diminishing increases of growth. 

  

 

 

 

 

 

  

 

 

F I G U R E   1 4 . 3   M E D I C I N A L  M A R I J U A N A  P R O D U C T I O N  B Y  B E D R O CA N ,  T H E  S O LE  A U T H O R I Z E D  N A T I O N A L  S U P P L I E R  

O F  M E D I -   CA L  M A R I J U A N A  T O  T H E  N E T H E R LA N D S  G O V E R N M E N T  S I N CE  2 0 0 1 .  T H I S  G R O W T H  R O O M  E M P L O Y S  

O N LY  A R T I F I C I A L  L I G H T .  P H O T O  CO U R T E S Y  O F  B E D R O CA N .  



 

 

A productivity of 1 g of marijuana output per watt of light input is often considered to be a 

desirable level of efficiency. Interior lighting regimes for cannabis grow rooms in the Netherlands 

commonly utilize 270 to 600 W/m2, and over this range, Potter and Duncombe (2012) observed 

the following: (1) THC level does not change significantly, (2) weight and proportion of flowering 

mate- rial (hence production of sinsemilla buds) increase by about one-quarter, and (3) efficiency 

(yield/ area) decreases by about four-fifths. 

Vanhove et al. (2011) stated that “Overhead lights should provide at least 54,000 lumens per m2. 

Nowadays, these light intensities are amply achieved by high-pressure sodium or metal halide 

lamps of either 400 W or 600 W.” One lamp can be positioned over the center of each square 

meter. Vanhove et al. (2012) noted that 600-W bulbs were the most popular choice of illicit 

growers in Belgium (although commercial growers may choose to use larger lights). 

 

Light Quality 

As noted in the following discussion, high-pressure sodium and metal halide are popular choices 

for growing marijuana, although the former is somewhat deficient in the blue end of the 

spectrum. The blue portion of the photosynthetic spectrum has been observed to tend to 

suppress growth elongation of some marijuana strains, so that a choice of a lamp rich in blue 

could promote shorter plants with more compact buds. Potter and Duncombe (2012) found that 

ultraviolet light increased THC concentration, but insufficiently to warrant attention. 

 

Fluorescent Lighting 

Fluorescent light bulbs furnish light efficiently in terms of converting electricity to light energy, but 

conventional bulbs emit limited light so it is difficult to provide the high light intensity that 

benefits the growth of C. sativa. Full-spectrum fluorescent bulbs provide balanced red and blue 

light to promote photosynthesis and are preferable to cool-white bulbs. Fluorescents are often 

used for establishing cuttings and germinating seeds because they generate sufficient light for 

growth while producing little heat (ballasts, which do produce heat, can be located some distance 

away from the plants). Compact fluorescent bulbs (with self-contained ballasts) are often used for 

growing marijuana illicitly in small rooms because they produce relatively little heat and use 

relatively little electricity. 

 

High-Pressure Sodium Lighting 

High-pressure sodium lighting (HPS) produces light efficiently, and the bulbs tend to last twice as 

long as metal halides. The ballasts produce considerable heat, and cooling may be necessary. 

Recent marijuana cultivation guides commonly recommend a light regime of 600 W/m2 using 

HPS. The height of the lights above the tops of the plant canopy needs to be kept constant (30–60 

cm has been recommended) by raising the lights as the plants grow (otherwise, the highest part of 

the plants will be scorched).  



 

 

Higher wattage (such as 1000 W) bulbs require a meter or more distance from the top of the 

plants. The color spectrum of HPS is somewhat stronger in the orange/red portion of the 

spectrum, somewhat deficient at the blue end, and therefore better for vegetative growth than 

for the flowering phase, but this is rarely considered important. 

 

Metal Halide Lighting 

Metal halide lamps produce less quality light (balance of wavelengths required for 

photosynthesis) and tend to fade faster over long periods than high HPS does (metal halide lamps 

are typically use- ful for up to 10,000 hours, HPS, for up to 18,000 hours). 

 

Light-Emitting Diode Lighting 

Light-emitting diode (LED) lamps, compared to high-intensity discharge lamps, are longer lasting 

(lifetimes can exceed 100,000 hours), smaller, adjustable for light intensity (dimmable) and 

quality, and extremely efficient in converting electricity to light (Yeh and Chung 2009). LEDs can 

produce three times more light output per watt of input power on an area-equivalent basis 

compared to high-intensity discharge lamps (Morrow 2008). LEDs have a low surface 

temperature, so they can even be placed inside a crop canopy without injuring the plants. While 

LEDs produce light with drastically reduced power consumption and heat generation, they are 

expensive to purchase.  

Until recently, it has been difficult to achieve the high intensity needed for good growth of 

marijuana, and the technology has not been practical for commercial production. Most LED 

lighting currently available is unsuitable for growing marijuana indoors, but LED lighting has 

prospects of capturing an appreciable share of the market in the near future. 

 

Recommended Lighting 

By a considerable margin, high-pressure sodium and metal halide are the most popular choices for 

growing C. sativa under artificial light, and they are sometimes combined to promote color 

balance (Figure 14.4). Both are classified as “high-intensity discharge” lamps. 

  

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

F I G U R E  1 4 . 4  M E D I CA L  M A R I J U A N A  G R O W T H  F A C I L I T Y  O F  T W E E D  I N C.  ( S M I T H  F A L LS ,  O N T A R I O ,  CA N A D A ) .  T H E  

L I G H T  I N S T A L LA T I O N  S H O W N  H E R E  F E A T U R E S  A LT E R N A T I N G  H I G H - P R E S S U R E  S O D I U M  A N D  M E T A L  H A LI D E  LA M P S  

I N  R O W S  B E T W E E N  V E N T I LA T I O N  P I P E S  T O  R E G U LA T E  T E M P E R A T U R E .  P H O T O  C O U R T E S Y  O F  S T E V E  N A R A I N E .  



 

 

Temperature 

Marijuana strains are generally adapted to grow well at quite warm temperatures, generally at  

least 25°C, often performing best under daylight temperatures of about 30°C. Required lighting 

elevates temperatures in indoor growth facilities. Higher temperatures produce better growth for 

many strains but are uncomfortable for workers and may encourage the growth of insects and 

spider mites. Because cooling is expensive, in practice growth facilities are kept fairly warm. 

 

ATMOSPHERIC GROWTH CONDITIONS 

Humidity 

Outdoors, C. sativa tolerates a range of humidity, depending on strain. Cuttings are generally 

raised under elevated humidity (about 75%) since their developing root systems are too weak to 

absorb much water. Until cuttings are well rooted, growers often mist their foliage with a water 

spray. Grow rooms and greenhouses easily develop very high levels of humidity, and if prolonged, 

this encourages fungal infection. Air exchange is essential to maintain moderate humidity—about 

50% to 60%. Fans are employed to promote uniform conditions, with the additional benefit that 

wind buffeting promotes stronger (and sometimes shorter) stems. 

  

Air-Borne Contaminants in Relation to Stickiness 

Marijuana plants often develop stickiness on the surface of the flowering parts. Probably some 

strains differ in their tendency to produce stickiness. Stickiness is due to terpene secretions from 

the gland heads of the stalked trichomes that are present (as described in Chapter 11). There is 

limited secretion from intact gland heads, but buffeting by wind, ventilation, or handling releases 

some resin. In very windy, dry, or cold environments, secretions tend to volatilize more readily, 

decreasing stickiness; by contrast, in hot, still environments (whether outdoors or under intense 

grow-lights), secretions appear to accumulate more readily, and the plant surfaces can become 

very sticky. The degree of stickiness depends in part on the atmospheric conditions provided—

whether grown outdoors, in glass houses, or in growth chambers. There are potential problems 

associated with the degree of stickiness developed. Plants grown outdoors are particularly 

subjected to wind-borne particles (from soil, animals, etc.) and insects, which represent 

contaminants. Quite aside from the natural stickiness of the plants, some contaminants such as 

insect and bird excreta are themselves sticky and adhere tightly to the plants. Depending on 

ventilation system, glass house plants are generally subjected to a lower shower of contaminants, 

and plants in small chambers are usually susceptible to the lowest amount. It can be virtually 

impossible to separate tiny particles adhering to harvested buds, and stickiness also makes 

handling of ground-up material difficult. Care needs to be taken to minimize the presence of wind-

borne materials. Filtering of circulated air is clearly desirable, as well as moni- toring of the effects 

of temperature and humidity on the development of stickiness. 



 

 

Carbon Dioxide Concentration 

Like most plants, growth rate in C. sativa is increased by elevating CO2 levels (Chandra et al. 

2011a). Some growers employ CO2 generators, fueled by natural gas or propane, to raise indoor 

CO2 levels and accelerate plant productivity. Concentrations of CO2 are often raised to four times 

natural levels (ca. 1600 ppm). As noted in Chapter 16, although releasing CO2 might seem to 

contribute to atmo- spheric pollution, the speeding up of plant growth (and therefore the 

trapping of carbon within the plants) might, on balance, be beneficial for the environment. 

 

Insect Control 

It should be possible to produce marijuana plants organically, without employing any biocides 

(including fungicides), although some greenhouse pests, such as aphids, spider mites (Figure 14.5), 

thrips, and whiteflies are difficult to control. Biocontrol measures using beneficial insects and 

other invertebrate predators (such as nematodes and predatory mites) that consume or parasitize 

invaders, and some organic insecticides, are preferable to employing synthetic pesticides. 

Applications need to be completed well in advance of harvest to prevent contamination. 

 

 

 

 

 

 

F I G U R E  1 4 . 5  LE F T :  D A M A G E  T O  I N D O O R - G R O W N  P LA N T  O F  C .  S A T I V A  CA U S E D  B Y  T H E  T W O S P O T T E D  S P I D E R  M I T E  

( T E T R A N Y CH U S  U R T I CA E  K O C H ) .  S P I D E R  M I T E S  ( E S P E CI A LL Y  T H E  G E N U S  T E T R A N Y C H U S )  A R E  P E R H A P S  T H E  M O S T  

S E R I O U S  I N V E R T E B R A T E  P E S T  O F  I N D O O R  C .  S A T I V A .  P H O T O  B Y  W H I T N E Y  CR A N S H A W ,  C O L O R A D O  S T A T E  

U N I V E R S I T Y ,  B U G W O O D . O R G  ( C C  B Y  3 . 0 ) .  R I G H T :  T W O S P O T T E D  S P I D E R  M I T E  ( A D U LT S  A N D  E G G S ) .  P H O T O  B Y  

CS I R O  ( C C  B Y  3 . 0 ) .  



 

 

Harvest and Drying 

Plants are harvested when it is judged that maximum cannabinoids have developed. This stage 

can be assessed by chemical analysis or more frequently is estimated as the point that numerous 

female flowers have developed and the stigmas of an appreciable proportion (at least 75%) of 

them have recently turned from white to brownish or orange. Outdoor plants are best harvested 

during a rainless period, so that the plants aren’t soaked, but timing depends on Mother Nature. 

Plants are traditionally cut off at the base of the main stalk, just below the lowest branch. 

Different options are available for drying plants, but commonly, they are simply hung on cord 

(Figure 14.6). Curiously, the modern Chinese character ma, 麻, is based on a Zhou Dynasty bronze 

script ideograph for can- nabis or hemp, showing 林 (plants) drying in a 广 (shed). There is 

widespread opinion that slow drying or “curing” (up to a week) of harvested plants in a 

moderately dry, well-ventilated (and/or dehumidified), dark environment maintained at 25°C–

30°C produces the best marijuana. However, some production systems conduct drying at up to 

40°C for only 15 hours (Upton et al. 2013). An industrial grade ventilation system is normally 

required for large-scale production. At the conclusion of drying, the foliage should be crisp and 

brittle enough to be crumbled and the floral material should pull away readily from the stems. 

Fresh plants may have a moisture content of about 80%, which may dry down to about 15%. If 

material is to be stored before processing, it should be in an area maintained at low humidity, 

cool temperature, and in darkness. Marijuana should be dried to 5%–10% before packaging (8% 

has been recommended, although some consumers prefer a “wetter” product). 

Alternative to harvesting entire plants, they may be kept growing while harvesting individual buds 

or portions of branches as they mature (rather like harvesting tomatoes from a given plant as it 

sequentially matures the fruit).  

The uppermost part of the main stalk usually matures first. (Home growers and sometimes 

commercial growers sometimes prune away lower branches in the expectation that this will 

produce larger terminal inflorescences.) 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

F I G U R E  1 4 . 6  M A R I J U A N A  B R A N CH E S  CO V E R E D  W I T H  B U D S  H U N G  U P  T O  D R Y  O N  A  CO R D .  P H O T O  B Y  CA N N A B I S  

T R A I N I N G  U N I V E R S I T Y  ( C C  B Y  S A  3 . 0 ) .  
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Processing 

Once dried, the foliage and floral material is stripped from the stem tissues (stalk and twigs). The 

stems are routinely discarded since they are almost devoid of cannabinoids. For chemical 

extraction of cannabinoids, all of the remaining material can be employed. For production of 

ground-up (manicured) marijuana, the floral and other tissues in the flowering stem (mostly the 

perigonal bracts and smallest leaves) are screened. Loose gland heads tend to fall off and 

accumulate in the collection container, and since these are very concentrated in cannabinoids, a 

protocol needs to be established to maintain both herbal parts and the gland heads in a standard 

fashion in the final product. 

Buds are increasingly desired in the marketplace and are often processed by hand (either trimmed 

or crumbled), a rather labor-intensive process (Figure 14.7). For sales presentation, the smallest 

leaves (with lesser levels of cannabinoids) are often trimmed away from the buds with scissors or 

machines. Machine trimming is much faster but less complete than hand trimming and is often 

employed as a first step followed by a final hand processing. The principal purpose of this practice 

is to present a product along with a claim that it has a very high level of cannabinoids, especially 

THC. Such trimming is best done before the buds are well dried, as the cannabinoid-rich trichomes 

tend to drop away with handling because well-dried buds are brittle. The “trim” or “skuff” 

(material removed from the buds) is sometimes discarded, but efficient systems can use this for 

solvent extraction of cannabinoids. 

 

Storage 

Since oxygen and light degrade THC, to retain quality, the marijuana should be protected from air 

(in tightly sealed containers) and maintained in the dark. Recommended storage temperatures are 

as fol- lows: short-term, 18°C–20°C, and long-term, −20°C (Upton et al. 2013). Handling should be 

kept to a minimum, since the trichome gland heads containing the cannabinoids are easily 

separated when mari- juana is dried and brittle. While material is frozen, it is especially prone to 

dropping the gland heads. 

 

Quality Control 

Aside from the argument that marijuana is inherently harmful, medical marijuana needs to be 

pro- duced with considerable quality control, adhering to general Good Manufacturing Procedures 

and Best Practices. 

 

 



 

 

Microbiological Safety and Sterilization 

Plant material typically carries microorganisms on the surface. Illicit cannabis drugs may be sig- 

nificantly contaminated microbiologically, for example, as a result of using human excrement as 

fertilizer or simply from handling material with unwashed hands. Salmonella has occasionally 

been detected. Verweij et al. (2000) examined many samples of marijuana and found that they 

were heav- ily contaminated by fungal spores. The fungus genus Aspergillus occurs worldwide in 

water, soil, and air and can cause infection when its conidia (asexual spores) are inhaled. Sufficient 

heat can destroy the spores, but smoking often does not provide enough heat. Smoking marijuana 

contami- nated with Aspergillus fungi and other microorganisms can cause significant, even fatal, 

lung dis- eases in patients with weakened health (Chusid et al. 1975; Llamas et al. 1978; Kagen 

1981; Kagen et al. 1983; Karup et al. 1983; Schwartz 1985; Sutton et al. 1986; Hamadeh et al. 

1988; Denning et al. 1991; Levitz and Diamond 1991; Marks et al. 1996; Szyper-Kravitz et al. 2001; 

Cescon et al. 2008; Gargani et al. 2011). Given that patients are often immunocompromised, 

certified medical cannabis needs to adhere to high production standards. 

In Canada, the Netherlands, and other jurisdictions, officially produced medical marijuana con- 

forms to very strict quality standards and is gamma-irradiated to sterilize coliform microbial infec- 

tion (Cannabis Health 2005). According to Russo (2011a), “the safety of this technique for a 

smoked and inhaled product has never been specifically tested” (and as noted in Chapter 9, 

irradiation eliminates terpenes with possible medicinal value). Ruchlemer et al. (2015) explored 

sterilization of medical marijuana by autoclave, plasma hydrogen peroxide (H2O2), and ethylene 

oxide gas as alternatives, since nuclear facilities to irradiate marijuana are rarely available. They 

recommended H2O2 plasma, which has become a commonly used germicidal method. 

 

Monitoring  and  Controlling  the  Production  of  Standardized  
Herbal  Marijuana 

Aside from microbiological safety, a professional medicinal marijuana analytical laboratory will be 

equipped to check representative samples for cannabinoid content, moisture level, and the 

presence of toxins of nonbiological origin such as heavy metals and pesticides. Marijuana can    be 

contaminated with pesticide residues, heavy metals (absorbed from the soil or from waste- water 

used for irrigation), or by the occasional deliberate adulteration with (other) illicit drugs 

(McPartland 1994, 2002; McPartland and Pruitt 1997; McPartland et al. 2000). The underground 

literature sometimes describes the use of toxic growth-enhancing chemicals, and these may con- 

taminate street marijuana. As pointed out by Sullivan et al. (2013), “pesticide toxicity…can pose 

substantial threats to immunocompromised patients or patients with other conditions, such as 

dis- eases of the liver that may intensify the toxicological effects of pesticide exposure. 

Additionally, during heating pyrolysis products from the plant material form a highly complex 

mixture of products, many of which may interact with the pesticides or pyrolysis products of the 

pesticides forming more toxic materials, or highly toxic pyrolysis products may form from the 

pesticide residues alone.” See Chapter 12 for additional discussion of toxic compounds potentially 

associ- ated with marijuana. 



 

 

Both for authorized medicinal research and for licensed dispensation of medicinal marijuana, it is 

critical to supply material of standardized and uniform THC and CBD content. Many patients using 

medical marijuana are in fact experienced users, who will judge the acceptability of the product in 

part on the basis on what they have consumed in the past. For such sophis- ticated users, familiar 

appearance and organoleptic qualities can be important indicators of product acceptability. 

Qualities valued by marijuana users include overall appearance, color, smell, humidity, grind size, 

and smoking characteristics such as burn rate, hotness, harshness, and taste (Ware et al. 2006). 

Accordingly, laboratory technicians may be expected to judge appearance and odor of the 

product, at least for consistency, since these qualities differ among strains. 

Medical marijuana is mostly provided today in the form of whole (buds) or granulated (finely 

ground) material. The THC level of the final product is determined by (1) the natural genetic 

capac- ity to produce THC of the plants employed; (2) the environment in which the plants were 

raised;  (3) the environment in which the plants were harvested, dried, and stored; and (4) the 

exact parts of the plant sampled. All of these variables need to be standardized and controlled. 

Medical marijuana currently marketed under license by authorized sources typically contains 

10%–30% THC, the higher levels often considered to be a chief selling point. 

Medical marijuana may be provided in the form of “manicured” material, prepared from dried 

“bud” by crumbling, screening, and/or cutting.  

 

The manicuring process needs to be standardized and controlled. Critical variables that need to be 

considered include the following: 

1. Drying technique and humidity during manicuring. Overly dried material and/or material 

that is manicured in a very dry environment, upon crumbling and/or screening, tends to result in 

the microscopic glands (that contain the THC) breaking away from the remaining herbal material, 

and depending on the collection procedure, these may not be present in the final product. The 

results may be lowered THC content or marijuana with a variable THC content. 

2. Screen (pore) size. Smaller screen size filters out larger parts, particularly twig material, 

which is very low in THC and results in a higher THC content of the final product. 

3. Force applied during crumbling and or screening. A larger force hastens production but 

(depending particularly on how dry the plants are, and the ambient humidity) may tend to break 

away the microscopic glands and smear the contained resin over other parts of the herbal 

mixture, which, after screening, may alter THC content. 

4. Handling of the product, which needs to be minimized. In (dried, prepared) marijuana, a 

proportion of the secretory glands (which  carry most  of  the THC) separate from the epidermis of 

the plant  material, and with increased handling, a larger percent-  age of the glands separate. This 

can result in considerable heterogeneity of marijuana preparations, the glands tending to sift to 

the bottom of collected material. Also, such variability can make it difficult to produce authorized 

material of homogeneous THC composition. 

 



 

 

Unfortunately, even when marijuana is generated using genetically uniform plant material (i.e., 

clones), because of variations in plant growth conditions, preparation of material, and storage, dif- 

ferences in THC content develop. By standardizing (insofar as possible) plant growth conditions, 

preparation of material, and storage, material with a relatively predictable THC content can be 

gen- erated, but nevertheless, from time to time, material of lower than desired THC content 

might be produced, requiring adjustment of THC content by mixing of batches of known potency. 

 

 

INFORMATIVE ONLINE DOCUMENTS AND WEBSITES 
REGARDING PRODUCTION OF MEDICAL MARIJUANA 

• Canadian government portal for medical marijuana—http://www.hc-sc.gc.ca/dhp-mps 

/marihuana/index-eng.php. This is one of the most extensive websites dealing with prac- tical 

aspects of producing medical marijuana. It includes information on physical secu- rity measures, 

good production practices, testing specifications, and advice on packaging, labeling, and shipping. 

• The American Herbal Products Association medical marijuana draft guidelines. The fol- 

lowing four documents, cited in the Literature Cited, are available at http://www.ahpa.org 

/Default.aspx?tabid=267: 

• The American Herbal Products Association draft guidelines for laboratory opera- tions 

(American Herbal Products Association 2014a). 

• The American Herbal Products Association draft guidelines for dispensaries (American 

Herbal Products Association 2014b). 

• The American Herbal Products Association draft guidelines for manufacturing, packaging, 

labeling, and holding operations (American Herbal Products Association 2014c). 

• The American Herbal Products Association draft guidelines for cultivation and pro- cessing 

operations (American Herbal Products Association 2014d). 

• Americans for Safe Access—http://www.safeaccessnow.org/. Sympathetic to the expan- 

sion of medical marijuana; provides information on a variety of related topics; has spon- sored an 

industry certification program for cultivators and dispensaries. 

• The Office of Medicinal Cannabis, Netherlands—http://www.cannabisbureau.nl/en/. 

Provides information on regulations in the Netherlands, as well as medical usage guide- lines for 

patients and doctors. Note that only one supplier with a very limited number of strains is 

authorized officially to provide medical marijuana in the country. 

• Scholten, W.K. 2003. Guidelines for cultivating cannabis for medicinal purposes. Journal of 

Cannabis Therapeutics 3: 51–61. http://www.cannabis-med.org/data/pdf/2003-02-4 

_0.pdf. 

• Recommended methods for testing cannabis: manual for use by national narcotics labo- 

ratories. (United Nations 1987). http://www.unodc.org/documents/scientific/ST-NAR-40 



 

 

-Ebook.pdf. 

• Daley, P., Lampach, D., and Sguerra, S. 2013. Testing Cannabis for contaminants. Botec 

Analysis Corporation I-502, Project 430-1a. Los Angeles, CA: Botech Analysis Corporation. 65 pp. 

http://liq.wa.gov/publications/Marijuana/BOTEC%20reports/1a-Testing 

-for-Contaminants-Final-Revised.pdf. 

• WHO guidelines on good agricultural and collection practices (GACP) for medicinal plants. 

Geneva: World Health Organization. 2003. 72 pp. http://whqlibdoc.who.int/publi 

cations/2003/9241546271.pdf. 

• WHO guidelines on good manufacturing practices (GMP) for herbal medicines. Geneva: 

World Health Organization. 2007. 92 pp. http://apps.who.int/medicinedocs/documents 

/s14215e/s14215e.pdf. 

• Quality control methods for herbal materials. Geneva: World Health Organization. 2011. 

187 pp. http://apps.who.int/medicinedocs/documents/h1791e/h1791e.pdf. 

• Recommended methods for the identification and analysis of cannabis and cannabis prod- 

ucts (revised and updated). New York: United Nations. 2009. Laboratory and Scientific Section, 

United Nations Office on Drugs and Crime, Vienna. 52 pp. https://www.unodc 

.org/unodc/en/scientists/recommended-methods-for-the-identification-and-analysis-of 

-cannabis-and-cannabis-products.html. 

• Upton, R., Craker, L., ElSohly, M., Romm, A., Russo, E., and Sexton, M. eds. 2013. American 

herbal pharmacopoeia: Cannabis inflorescence: Cannabis spp.: standards of identity, anal- ysis, 

and quality control. Scott’s Valley, CA: American Herbal Pharmacopoeia. 63 pp. http:// 

www.pdfsdocuments.com/american-herbal-pharmacopoeia-cannabis-inflorescence.pdf. 

• GW Pharmaceuticals—http://www.gwpharm.com/. Website of the world’s largest manu- 

facturer of cannabinoid medicines, provides information on a variety of medicinal mari- juana 

topics. The PhD thesis of Potter (2009) is presented, and this provides important information on 

the commercial cultivation of marijuana. 

 

SECURITY CONSIDERATIONS 

Compared to almost all other crops, relatively little marijuana needs to be generated for 

authorized purposes (Small 1971), but because it is a high-value material in considerable demand, 

strong secu- rity is essential (Figure 14.8). Cannabis has very high value, and stolen material has 

considerable abuse and harm potential. Marijuana continues to be a favorite trade commodity of 

criminals, who can be quite ruthless in robbing, intimidating, and even eliminating legitimate 

competition. The authorized marijuana business can be lucrative, and the wealth generated also 

invites unwelcome attention from the criminal element. At present, production of medicinal 

marijuana by the private sector occurs mostly in indoor facilities that are very well protected by 

guards, locked doors, and monitoring cameras. Storage is in very heavy vaults, and elaborate 

protocols are in place to pre- vent unauthorized access.  



 

 

Most of the cost of marijuana is due directly to the needs for security. Governments that 

authorize the production of medicinal marijuana are very insistent on adequate security, and 

breaches of requirements are not tolerated. The website of the Canadian government, cited 

previously, is particularly informative on security measures. 
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BIOTECHNOLOGICAL APPROACHES OF POTENTIAL IMPORTANCE 
TO MEDICINAL MARIJUANA 

In Vitro Production 

Techniques for the “test tube” culture of plant cells, tissues, organs, and young plants in aseptic 

arti- ficial media have been developing since the 1940s. Termed “micropropagation,” this is 

essentially a form of clonal reproduction and can be a means of producing a large number of 

genetically identical plants in a short time. As a breeding technique, it is invaluable for preserving 

mutations, especially those that are (genetically) recessive. The responses of plant cells and 

tissues to various artificial culture media and hormone treatments (required to induce cell 

differentiation, organ production, and plantlet production) differ considerably among plant 

species. Some species have proven to be very difficult to reproduce by tissue culture, and until 

recently, this has included C. sativa (Hemphill et al. 1978; Loh et al. 1983; Mandolino et al. 1996; 

Mandolino and Ranalli 1998). As described in Chapter 4, it is now possible to produce “artificial 

seeds” of C. sativa: very young plantlets packaged with fertilizer and water in a gel, which can be 

planted just like real seeds to produce new plants. 

The most elementary kind of test tube culture is simple cell culture. In some cases, plant cell cul- 

tures are sufficient for the commercial production of certain chemicals. However, a frequent 

problem encountered is that the production of compounds that occur in the mature plants of a 

species sim- ply  do not occur or occur in very low amounts when the cells are cultured. This has 

proven to   be the case in Cannabis. Veliky and Genest (1972) found no production of THC in cell 

cultures. There have been some experiments that demonstrated production of cannabinoids in 

cell cultures of Cannabis, but in extremely limited amounts (Heitrich and Binder 1982; Hartsel et 

al. 1983;    see review of Mandolino and Ranalli 1998). There remains a reasonable potential of 

utilizing in vitro production techniques for the test tube production of cannabinoids, although the 

technology remains to be developed. 

 

Genetic Engineering 

Techniques for introducing genes from quite unrelated organisms into given species have been 

developing since the 1980s. There have been remarkable successes in creating several new kinds 

of recombinants, and some are in commercial production today, although genetically engineered 

organisms are controversial. There appears to be a widespread sentiment against the production 

of genetically engineered hemp strains among growers of industrial hemp (particularly for the 

hemp edible oilseed industry, there is a strong view that the plants should remain “natural”). 

Nevertheless, it is interesting to speculate on some possibilities (cf. Watson and Clarke 1997).  The 

production of natural cannabinoids in large amounts is at present known only in C. sativa, where it 

occurs almost completely in the epidermal secretory glands of the plant. Perhaps genetic 

engineering could one day succeed in transferring the ability to produce cannabinoids to other 

plants. This might seem like an academic exercise, but for various reasons, such interspecies 

transfers are often preferable (Small 2004).  



 

 

An important practical aspect of genetic engineering is the clarification of the genes of a plant 

under study, and this can lead to manipulation of the genome so that the plant becomes more 

useful. Modern techniques have made it possible to pre- pare detailed genetic maps, and in many 

cases, some of the specific functions of mapped genes have been clarified. In the case of 

Cannabis, this work is in its infancy. In the future, genetic engi- neering of Cannabis may greatly 

facilitate the production of plants with extremely well-defined characteristics that are very 

desirable for purposes of industry, medicine, and law enforcement (De Meijer 2014). 

 

CURIOSITIES OF SCIENCE, TECHNOLOGY, AND HUMAN 
BEHAVIOR 

• According to Leggett (2006), a hectare of outdoor marijuana plants could supply 10,000 

“light users” with a daily dose for a year, and about 160 km2 (100 square miles) could simi- larly 

provide a year’s supply for all of the world’s marijuana smokers. 

• The Eden Project is a large-scale environmental complex near St Austell, Cornwall, England 

(Figure 14.9). The complex includes several transparent domes, the largest of which, the Tropical 

Biome, is claimed to be “the world’s largest greenhouse.” It covers 

1.56 ha and measures 55 m in height, 100 m in width, and 200 m in length. As noted in the text, a 

concentration of 32 cannabis plants/m2 has been recommended for optimal yield, and at this 

density, the Tropical Biome greenhouse could hold 640,000 plants. Commercial greenhouse 

complexes often link greenhouses together to occupy even larger acreages. 

• The Crystal Palace was a giant glass and cast iron structure erected in Hyde Park, London, 

England, to house the Great Exhibition of 1851 (Figure 14.10).  The building was 41 m high, with 

71,794 m2 on the ground floor and a total of 92,000 m2 of exhibition space. The Crystal Palace 

was redesigned and moved to Sydenham Hill in 1854, where  it burned down in 1936. At a 

concentration of 32 plants/m2, it could have held three mil- lion cannabis plants. 
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