Cannabis and Its Derivatives: Review of Medical Use
Lawrence Leung, MBBChir, MFM(Clin)
Background: Use of cannabis is often an under-reported activity in our society. Despite legal restriction, cannabis is often used to relieve chronic and neuropathic pain, and it carries psychotropic and
physical adverse effects with a propensity for addiction. This article aims to update the current knowledge and evidence of using cannabis and its derivatives with a view to the sociolegal context and perspectives for future research.
Methods: Cannabis use can be traced back to ancient cultures and still continues in our present society
despite legal curtailment. The active ingredient, ⌬9-tetrahydrocannabinol, accounts for both the physical and
psychotropic effects of cannabis. Though clinical trials demonstrate benefits in alleviating chronic and neuropathic pain, there is also significant potential physical and psychotropic side-effects of cannabis. Recent laboratory data highlight synergistic interactions between cannabinoid and opioid receptors, with potential reduction of drug-seeking behavior and opiate sparing effects. Legal rulings also have changed in certain
American states, which may lead to wider use of cannabis among eligible persons.
Conclusions: Family physicians need to be cognizant of such changing landscapes with a practical
knowledge on the pros and cons of medical marijuana, the legal implications of its use, and possible
developments in the future. (J Am Board Fam Med 2011;24:452– 462.)
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Case 1
Scenario
You are a family physician in Ontario, Canada. A
54-year-old man suffering from multiple sclerosis
came to your ofﬁce asking for a prescription for
medical marijuana to control his pain. He was taking continuous-release morphine, gabapentin, and
lamotrigine, but this combination was still insufﬁcient. He visited Florida a few times, where he
smoked cannabis, which helped tremendously to
reduce the neuropathic pain and detach his mind
from it. He would like to continue using cannabis
but is worried about the legal implications and the
purity of sample he may obtain on the street.

Suggested Management
The evidence of various forms of cannabis (smoked,
oral, and oromucosal spray) for treating neuropathic
pain caused by multiple sclerosis should be discussed
against the known harms and challenges of usage.
Sativex (legally available form of cannabis in Canada; GW Pharmaceuticals, Salisbury, Wiltshire,
UK) could be recommended as a ﬁrst-line treatment. If the patient still decided to pursue a smoked
or oral extract of cannabis, referral should be made
to recognized specialists in Quebec for a full assessment of eligibility of patient’s use and possession of
medical marijuana. Close monitoring of the patient
would be necessary.
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Scenario
You are a family physician in the state of California.
A 65-year-old male veteran came to your ofﬁce as a
new patient. He had a history of chronic leg pain
caused by a shrapnel injury he suffered during the
Vietnam War in 1968. Since the 1970s, he has been
treated at the local veterans hospital under a pain
management program, but control has been unsatisfactory. When asked if he used any recreational
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and autonomic nervous system,5 whereas CB2 receptors are found both in the neurons and immune
cells.6 THC exerts its effects primarily via CB1
receptors.

Suggested Management
The patient should be informed of the new directive from the Veterans Health Administration regarding veterans’ use of marijuana and be reassured
that he would not be denied his pain management
services at the veterans hospital on that basis. He
also should be encouraged to discuss his marijuana
use with you so that you can monitor his progress.
Liaising with an addiction medicine specialist can
be helpful to ensure the best follow-up of this
patient.
Cannabis, also known as marijuana, refers to
the preparation 53 from the plant belonging to the
family Cannabaceae, the genus Cannabis, and the species Cannabis sativa, which possess psychoactive effects. The ﬂowering tops, leaves, and stalks of the
mature female plant are commonly used as the
herbal form of cannabis, but sometimes the resinous extract of compressed herb is also used and is
called “hash.” Archaeologists have identiﬁed ﬁbers
from cannabis stems in specimens dating back to
4000 BC, and its incorporation into textiles and
paper was found in the tombs of the Chinese Han
dynasty (⬃100 BC).1 The ﬁrst record of cannabis as
a medicine can be found in the oldest Chinese
pharmacopeia, Shen Nong Ben Cao Jing, written in
the Eastern Han Dynasty (AD 25 to AD 220),
which was indicated for rheumatic pain, malaria,
constipation, and disorders of the female reproductive system.2 Though the cannabis leaf and stem is
rarely used nowadays in Chinese herbal medicine,
cannabis seeds, which contain very few psychoactive ingredients, are still commonly prescribed for
their laxative effects.2 Smoking cannabis is often an
under-reported behavior in our society, with a reported prevalence from the World Health Organization of 3.9% among the global population aged
15 to 64 years.3 There are more than 70 psychoactive compounds called “cannabinoids” that have
been identiﬁed in cannabis,4 among which ⌬9tetrahydrocannabinol (THC) accounts for most of
the psychological and physical effects, and its content is often used as a measure of sample potency.
We now know that THC acts on 2 types of cannabinoid receptors: CB1 and CB2. CB1 receptors
are mainly found in the brain, peripheral nerves,

The Laws Regarding Cannabis
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In the United States, cannabis is an illicit drug
either to possess or trade. Since the inception of the
Controlled Substance Act in 1970, the US Federal
Law penalizes any act of possessing, dispensing,
and prescribing marijuana. Enforcement of prohibition carries an annual price tag of up to $7.7
billion in the United States alone.7 However, since
1996 the situation has been changing rapidly—14
states (California, Alaska, Oregon, Washington, Maine,
Hawaii, Colorado, Nevada, Vermont, Montana, Rhode
Island, New Mexico, Michigan, and New Jersey) already
have amended their state laws to allow the use of
marijuana by persons with debilitating medical
conditions as certiﬁed by licensed physicians.8,9
The impact has been signiﬁcant: a recent study in
Washington estimated that per annum, up to 2000
licensed physicians have prescribed medical cannabis10; in California, more than 350,000 patients
already possess a physician’s recommendation to
use cannabis.11 Nevertheless, among these 14
states, there is substantial variation in the regulation of the quality control, prescription limit, patient registry, and dispensing outlets. For example,
in Oregon and Washington, it is legal to possess up
to 24 ounces of marijuana, but in Nevada, Montana, and Alaska, the legal limit is only 1 ounce.8
Cannabis is currently schedule I; additional research would be facilitated if the drug were reclassiﬁed to schedule II.8 From a public health standpoint, there is some evidence that decriminalization
of cannabis could free up law enforcement resources to curtail other trafﬁcking activities without
leading to increased cannabis abuses.12 Overall,
however, the US Federal law remains unchanged
regarding the penal stance toward marijuana, creating various ambiguities and difﬁculties. For those
veterans who are permitted to use medical marijuana by law of their state, these difﬁculties have
been lessened. This has posed an administrative
dilemma for those veterans who are allowed to use;
the Department of Veterans Affairs issued a directive in July 2010 that permits veterans to continue
their use of medical marijuana in states where it is
legal without losing their medical beneﬁts from
Veterans Affairs.13
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drugs, including marijuana, he evaded your question and said he needed to stay on the pain program. You suspected he was using marijuana for his
chronic pain.
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and grow their own supply provided they meet
speciﬁc and detailed criteria.

The Harms of Cannabis
Physical and Psychiatric Effects
Among naive users, cannabis smoking often leads
to adverse effects. Physical symptoms include increased heart rate and ﬂuctuations in blood pressure15; psychomotor sequelae include euphoria,
anxiety, psychomotor retardation, and impairment
of cognition and memory.16 The estimated lethal
dose for humans is between 15 g and 70 g.3 When
compared with cigarette smoke, cannabis contains a similar array of detrimental and carcinogenic compounds, some of which are present
even at higher concentrations.17 Among chronic
users, population studies have associated cannabis use with decreased pulmonary function,
chronic obstructive airway diseases, and pulmonary infections,18 although data may be confounded by concomitant tobacco smoking and
other social factors. In vitro and in vivo animal
studies have demonstrated mutagenic effects of
cannabis smoke, and precancerous pulmonary pathology as seen in tobacco smokers has been described in
cannabis users.19 Nevertheless, there is still inconsistency from the published literature regarding an increased risk for upper respiratory tract cancer
caused by cannabis smoking.3,18 Various reports
have associated cannabis with cardiac arrhythmias,20,21 coronary insufﬁciency22–24 and myocardial infarction.25,26 A retrospective cross-sectional
study revealed a 4.8-times increased risk of developing myocardial infarction within the ﬁrst hour
after smoking cannabis. Earlier data from population studies27,28 and meta-analysis29 have associated
cannabis smoking with low birth weight,29 which is
maybe confounded by cigarette smoking and socioeconomic status and is not supported by more recent studies.30,31 Finally, the controversial link of
cannabis use and psychosis has found more support
in recent publications.32–34
Dependence and Abuse
Cannabis is recognized as a substance with a high
potential for dependence, which occurs in 1 out of
10 people who have ever used cannabis. It leads to
behaviors of preoccupation, compulsion, reinforcement, and withdrawal after chronic use.35 An Australian survey found that symptoms of cannabis
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Recent news from USA Today14 reports that the
US federal government has issued warning letters
to several states that have approved the use of
medical marijuana with an implication that anyone
involved in the growth, operation, or legal regulation of medical marijuana will be subjected to prosecution. These states include Washington, California, Montana, and Rode Island. This was coupled
by recent large-scale raids at marijuana growing
operations in Montana. Despite reassurance from
Eric Holder, US Attorney General, that the penal
policy is directed at those who violate both deferral
and state laws, this unexpected siren from the federal government has been heard loud and clear,
leading Governor Chris Gregoire, of the state of
Washington, to abort a proposal to create licensed
marijuana dispensaries and Governor Chris Christie, of the state of New Jersey, to postpone plans for
marijuana operators.
In Canada, it is also illegal to trade or possess
104 marijuana according to provincial and government laws. However, access to marijuana for medical use is possible under Health Canada’s Marijuana Medical Access Regulations, which came into
force on July 30, 2001.14 The regulations clearly
outline 2 categories of persons who can apply to
possess for an authorization to possess marijuana
for medical purposes. Category 1 refers to people
with end-of-life care; seizures from epilepsy; severe
pain and/or persistent muscle spasms caused by
multiple sclerosis, spinal cord diseases, or spinal
cord injury; severe pain; cachexia; anorexia; weight
loss and/or severe nausea from cancer or HIV/
AIDS infection. A medical declaration from a licensed medical practitioner is required. Category 2
refers to people who have debilitating symptom(s)
of medical condition(s), other than those described
in category 1, which have failed conventional medical treatment. An assessment by a designated specialist is necessary along with a medical declaration
from a licensed medical practitioner.
Under the regulations, the maximum amount
of marijuana that can be possessed by any authorized user is a 30-day total of daily requirement.
Health Canada sources its supply of dried marijuana and seeds from Prairie Plant Systems Incorporated (Saskatoon, Saskatchewan, Canada), a
company that specializes in the growing, harvesting, and processing of plants for pharmaceutical
products and research. Alternatively, authorized
marijuana users can apply for a permit to produce

New Kids on the Block
Recently, synthetic analogues of marijuana, known
generically as “spice” or “K2,” have gained rapid
popularity among youths in the Unites States and
Europe. Marketed as an incense or herbal blend,
the exact constituents of spice has been a myth, and
its place of origin is often unclear. Despite sharing
similar psychotropic effects as genuine cannabis,
spice cannot be reliably tested by drug screens and
poses a technical problem for the law enforcement;
hence it is capable of evading legal scrutiny among
most states in America. A report from the Drug
Enforcement Administration of the US Department of Justice in June 2010 had divulged the
possible constituents of spice (or K2), which included HU-210, JWH-018, JWH-073 and CP47,497,41 all of which were synthetic cannabinoids
legally endorsed for scientiﬁc research. This was
echoed by a recent research publication that identiﬁed a synthetic cannabinoid in commercially obtained spice, JWH-018, which activated CB1.42
doi: 10.3122/jabfm.2011.04.100280

Analgesic Potential and Synergism With
Opioids
Despite legal curtailment, cannabis is still used by
10% to 15% of patients with multiple sclerosis43
and noncancer types of chronic pain44 for both
analgesia and psychological detachment. Various
well-designed, randomized, placebo-controlled trials have shown that smoked cannabis can relieve
peripheral,45 posttraumatic,46 and HIV-induced47,48
neuropathic pain. Evidence has been accumulating
from molecular and cell-signaling studies that suggest
that the opioids and cannabinoid systems can interact
synergistically to enhance analgesic effects.49 Animal
studies have shown that topical cannabinoid enhances
the action of topical morphine,50 an effect that is
preserved in a morphine-tolerant state.51 Moreover, cannabinoids are increasingly being recognized in animal models for their potential sparing
effects with opioids52 of neuropathic pain and arthritic pain.53 Although similar effects have not
been translated to human studies, Robert et al54
found a synergistic affective analgesia between ⌬9THC and morphine in experimentally induced
pain in human volunteers.

Evidence from Clinical Studies
To review the latest evidence of cannabis use and
its derivatives, a literature search was conducted
from the MEDLINE, EMBASE, PsycINFO, and
Cochrane Database of Systematic Reviews from
their inception dates to 30 November 2010, using
the following keywords: “cannabis,” “marijuana,”
“⌬9-tetrahydrocannabinol,” “clinical trial,” “beneﬁts,” and “side effects.” Relevant articles were
selected and their quality of evidence was rated
according to the Strength of Recommendations
Taxonomy (SORT),56 with recommendations
rated as A, B, or C. The results are summarized
in Table 1. In brief, the efﬁcacy of smoked cannabis
has been studied for Gilles de la Tourette syndrome, glaucoma, and pain, with good evidence for
clinical beneﬁts in HIV-induced neuropathic pain.
Oral extract of cannabis has better evidence of
relieving self-reported symptoms of spasticity
caused by multiple sclerosis. Finally, the oromucosal form of cannabis extract (Sativex, GW Pharmaceuticals) is efﬁcacious for peripheral and central
neuropathic pain, especially that caused by multiple
sclerosis.
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withdrawal satisﬁed the diagnostic criteria of both
International Classiﬁcation of Diseases 10 and Diagnostic and Statistical Manual of Mental Disorders IV for substance dependence, which included
sleep disturbance, anorexia, irritability, dysphoria,
lethargy, and cravings.36 In the United States, cannabis is now ranked among alcohol and tobacco as
one of the most common substances of among
adolescents.37 There is also ample evidence indicating that regular use of cannabis predicts subsequent psychosocial problems and abuse behavior of
other addictive substances. A review of cohort studies by McLaren et al38 supported a causal link
between cannabis use and psychosis. A recent 10year follow-up study of adolescents in Australia
who used cannabis occasionally were found to be at
higher risks of drug abuse and educational problems.39 However, several issues have been identiﬁed in the published literature about cannabis,
which have limited our understanding on the adverse effects of cannabis: (1) lack of consensus on
the deﬁnition and classiﬁcation of different types of
cannabis users (heavy, regular, occasional, and nonusers); (2) variable quality of studies regarding design, effect sizes, and control of confounding factors; and (3) the polarization of the approach to
either studying nonusers versus light/infrequent
users or, infrequent/light/nondependent users versus frequent/heavy/dependent users.40
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Gilles de la Tourette
Syndrome
Gilles de la Tourette
Syndrome
Glaucoma

Neuropathic pain in
HIV patient

Sensory neuropathic
pain in HIV
patient
Capsaicin-induced
pain in volunteers

Acute inﬂammatory
pain in volunteers

Spasticity due to
multiple sclerosis

Spasticity caused by
multiple sclerosis

Gilles de la Tourette
Syndrome

Gilles de la Tourette
Syndrome

Spasticity caused by
multiple sclerosis

Spasticity due to
multiple sclerosis

Cannabis

Cannabis

Cannabis

Cannabis

Cannabis

Cannabis

⌬9-THC

⌬9-THC

⌬9-THC

⌬9-THC

Postoperative pain

Refractory
neuropathic pain

⌬9-THC

⌬9-THC

Cannabis

Cannabis

Cannabis

Condition Indicated

Agent

Titrating oral dose

Single oral dose on
postoperative day 2

Titrating oral dose of
⌬9-THC

Escalating dose for 5
days

Daily oral dose for 6
weeks

Single oral dose

Escalating dose of
oral encapsulate
extract
Titrating oral dose of
cannabis extract

Smoking single dose
at various
concentrations
Single oral dose of
encapsulate
extract
50

Double-blinded cross-over
placebo-controlled RCT

Open label pilot

Double-blinded placebocontrolled RCT

Double-blinded placebocontrolled RCT

Double-blinded cross-over
placebo-controlled RCT

Placebo-controlled RCT

Cross-over placebocontrolled RCT

8

40

330

13

24

12

327

18

Double-blinded cross-over
placebo-controlled RCT

Double-blinded placebocontrolled RCT

15

50

28

18

1

3

Patients (n)

Double-blinded cross-over
placebo-controlled RCT

Double-blinded cross-over
placebo-controlled RCT

Smoking 3 times a
day for 5 days

Smoking 5 days a
week for 2 weeks

Double-blinded cross-over
placebo-controlled RCT
Prospective placebocontrolled RCT

Case report

Case report

Nature of Study

Smoking single dose

Smoking

Smoking

Form of delivery

Outcome Measures

Summed pain intensity
difference 6 hours
after administration
Neuropathic pain score
and quality of life

Subjective rating and
objective measure of
spasticity
Ashworth score and selfreported spasticity

TSSL,TS-CGI, STSS;
YGTSS

TSSL, STSS, YGTSS
scores

Ashworth score and selfreported spasticity

Threshold to heat and
electricity in areas
with UV-induced
sunburnt
Spasms frequency and
mobility

Pain scores and McGill
Pain Questionnaire

Pain intensity using
Descriptor
Differential Scale
Chronic pain ratings

Intraocular pressure

Self-reported frequency
of motor tics
Self-reported symptoms

Table 1. Clinical Studies of Cannabis and Its Derivatives with SORT Level of Recommendation56

No apparent effect

Improvement of selfreport ratings of pain
and spasticity (P ⫽
.003)
No signiﬁcant difference

Improvement in spasms
frequency (P ⫽ .013) and
mobility (P ⫽ .01)
Improvement of selfreport ratings of pain
and spasticity (P ⫽
.003)
Signiﬁcant reduction in
TSSL score (P ⫽ .015),
nil for STSS and
YGTSS
Signiﬁcant reduction in
TSSL score using
ANOVA (P ⫽ .037),
nil for TS-CGI, STSS,
YGTSS
Signiﬁcant in both scores

Pain reduction at medium
dose within a certain
time frame only
No effect on pain
thresholds

Vaney et al62

Zajicek et al63

A

A

C

B

A

A

A

Continued

Attal et al68

Buggy et al67

Zajicek et al63

Ungerleider et al66

Müller-Vahl et al65

Müller-Vahl et al64

Kraft et al61
B

A

Wallace et al60

Abrams et al48

Ellis et al49

Merritt et al59

Hemming et al58

Sandyk et al57

Reference

B

A

A

Improvement in pain
(P ⫽ .016)
Reduction of pain by 34%
(P ⫽ .03)

B

C

C

SORT Level of
Recommendation

Signiﬁcant reduction

100% remission

50% to 70% remission

Outcome
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Double-blinded cross-over
placebo-controlled RCT

Self-titrating dose of
oromucosal spray
for 2 weeks

Alzheimer’s disease

Anorexia and weight
loss in AIDS

Spasticity caused by
spinal cord injury

Pain caused by
ﬁbromyalgia
Peripheral
neuropathic pain

Intractable
neurogenic
symptoms

Dronabinol (synthetic
⌬9-THC)

Dronabinol (synthetic
⌬9-THC)

Nabilone

Nabilone

Double-blinded placebocontrolled RCT

Open label pilot study

Self-titrating dose of
oromucosal spray
for 4 weeks
Single daily dose for
8 weeks

Bladder dysfunction
in multiple
sclerosis

Double-blinded cross-over
placebo-controlled RCT

Placebo-controlled RCT

Open label pilot

Central pain in
multiple sclerosis

Twice-daily oral dose
for 4 weeks

Twice-daily oral dose
for 6 weeks

Daily oral dose for 2
weeks

Double-blinded cross-over
placebo-controlled RCT

15

66

20

125

40

12

139

6

15

9

Patients (n)

Occurrence of urinary
incontinence,
frequency, nocturia

11-point scale for pain
and sleep disturbance

Self-report symptoms
and adverse effects

VAS and Fibromyalgia
impact questionnaire
Various pain intensity
scores

Ashworth Scale , Total
Ashworth Score

Safety of intracranial
route of
administration
Body weight, triceps
skin fold, disturbed
behavior, affect
Nocturnal motor
activity score and
Neuropsychiatric
Inventory
VAS for appetite, mood,
and nausea

Outcome Measures

Signiﬁcant relief in pain
with certain domains
reaching signiﬁcance of
P ⬍ .05
Signiﬁcant reduction of
pain (P ⫽ .005) and
sleep disturbance (P ⫽
.003)
Signiﬁcant reduction in all
3 domains (P ⬍ .05)

Signiﬁcant change in
appetite (38%; P ⫽
.015); mood (10%;
P ⫽ .06); and nausea
(20%; P ⫽ .05)
Signiﬁcant reduction,
P ⫽ .003 and 0.001
respectively
Signiﬁcant reduction in
both scores (P ⬍ .02)
Signiﬁcant reduction,
(P ⫽ .001 to P ⫽ .04)

Intracranial route seems to
be safe and may slow
down tumour growth
A trend of improvement
reported but no
signiﬁcance quoted
Signiﬁcant improvement
in both (P ⫽ .028 and
P ⫽ 0027)

Outcome

Walther et al71

Beal et al72

Pooyania et al73

C

A

A

Rog et al77

Brady et al78
A

Wade et al76
A

A

Nurmikko et al75
A

Skrabek et al74

Volicer et al70
B

A

Guzman et al69

Reference

C

SORT Level of
Recommendation

RCT, randomized controlled trial; UV, ultraviolet; TSSL, ; STSS, ; YGTSS, ; TS-CGI, ANOVA, analysis of variance; VAS, Visual Analog Scale; THC, tetrahydrolcannabinol.

Sativex (extract of
cannabis containing
⌬9-THC and
cannabidiol)
Sativex (extract of
cannabis containing
⌬9-THC and
cannabidiol)
Sativex (extract of
cannabis containing
⌬9-THC and
cannabidiol)
Sativex (extract of
cannabis containing
⌬9-THC and
cannabidiol)

Double-blinded placebocontrolled RCT
Double-blinded placebocontrolled RCT

Oral dose for 4
weeks
Self-titrating dose of
oromucosal spray
for 5 weeks

Alzheimer’s disease

Phase I cohort pilot study

Dronabinol (synthetic
⌬9-THC)

Daily intracranial
tumour injection
up to 64 days
Twice-daily oral dose
for 6 weeks

Glioblastoma
multiforme

Nature of Study

⌬9-THC

Form of delivery

Condition Indicated

Agent

Table 1. Continued
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Despite the evidence of beneﬁts in certain conditions, the use of medical marijuana within a legal
jurisdiction still faces a number of challenges:
●
●

●

Method of delivery and quality control. Smoking raw
cannabis remains the most common and easiest
route of delivery, but the actual amount of cannabinoids deliverable to the alveolar space varies
considerably depending on the individual’s techniques of inhalation/exhalation, the percentage
of aeroingestion, and the individual’s functional
lung capacity. Without prior training, it could be
difﬁcult for a family physician in daily practice to
advise an eligible patient on the proper techniques of administration and quality control of
prescription regarding medical marijuana. The
content of THC in cannabis may vary remarkably according by geographic origin,56 the parts
of plant being used (buds versus stem and seeds),
the methods of storage, and the techniques of
cultivation.79 There are 2 main strains used in
medical marijuana: the Sativa and the Indica. The
Sativa plant is usually taller with longer leaves
that grow better outdoors, whereas the Indica
plant is more bushy with shorter leaves that
thrive better indoors. Although both strains exist
in pure forms, various combinations of the 2
strains are packaged as medical marijuana, which
may result in variable therapeutic and side effects. Health Canada’s policy of adopting a centralized source of medical marijuana from an approved plantation is a good way to assure quality;
however, it is still technically difﬁcult to endorse
it globally for all licensed users and growers. As a
prescription, standardization and titration of
dose efﬁcacy remain a challenge for medical marijuana.
Adequate monitoring and prevention of addiction. As
with other substances of abuse, cannabis may lead
to varying adverse effects and addiction potential
among different individuals. Before facilitating
an eligible person to receive medical marijuana,
family physicians should possess the knowledge
and skills to screen for addiction potential. During the course of treatment, close surveillance of
the patient to prevent addiction and adverse effects, in collaboration with a specialist when necessary, remains a top priority. In Canada and in
those American states where it is legal to use
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●

medical marijuana, more training and educational resources should be made available for the
practicing family physician to enhance their competence in approaching cannabis.
Contaminants in cannabis. Studies have reported
an alarming level of biological contaminants in
cannabis, which include Aspergillus fungus80,81
and bacteria,82 potentially leading to fulminant
pneumonia, especially among the immunosuppressed.83 Nonbiological contaminants also have
been found, which include heavy metals from soil
like aluminum84 and cadmium, the latter of
which seems to be absorbed by the cannabis plant
in particularly high concentrations.85 Organophosphate pesticides are other nonbiological
contaminants that are found less in cannabis cultivated outdoors than indoors.36 Finally, tiny
glass beads or sand have been found in street
samples of cannabis, which were added for
weight to boost proﬁts and can cause damage to
the oral mucosa and lungs.86
Contamination by cannabis. Secondary inhalation
of cannabis fumes released by primary smokers is
a theoretical but negligible threat, as shown by a
study of airborne particulates in urban Spain87
and another study of passive exposure to cannabis
smoke in a Netherlands coffee shop.88 More research in this area is warranted from the perspective of public health.

The Controversy Remains
In 1969, an article published in the New England
Journal of Medicine quoted from the Wootton Report that cannabis is “a potent drug, having as wide
a capacity as alcohol to alter mood, judgment, and
functional ability, and admitted that it is a dangerous drug in that sense, but in terms of physical
harmfulness much less dangerous than opiates, amphetamines, and barbiturates and also less dangerous than alcohol.”89 Since then, scientiﬁc and clinical
data have helped us understand the mechanisms of
actions of cannabis and its derived compounds for
treating chronic and neuropathic pain, highlighting
the potential analgesic synergism with opioids and
the potential of an opiate sparing effect in clinical
settings. In particular, animal studies have recently
shown that cannabidiol (CBD), a nonpsychoactive
constituent of marijuana, is capable of decreasing
self-administration and drug-seeking behavior
caused by heroin,90 in addition to other anti-in-
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