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Cannsbis, the Plant
As with other psychoactive plants
discussed in previous chapters, the
psychological effects produced by
Csnnubis have been experienced by
humans for many hundreds of years.
In fact, Cannabis has such a long and
complex human history that scholars
still do not agree on such basic ques-
tions as the number and names of
species. A thorough review of
Caruubis botanical and cultural his-
tory proposes that we can trace thr.ee
categories of human use: for fiber used
in making ropes and cloth, nonpsychoactive medical
use, and use focused mainly on its psychological
effects.l In fact, it is not unreasonable to ,p..ulut"
that a well-read American living in the early part of
the 20th century would have known the term hemp
as a crop from which ropes were made, cannabis as

a q a

When you hove finished this chapter, you shoutd be oble to:

. Describe the relationship among Connobis, marijuana, and
THC and discuss different preparations of cannabis.

. Describe how Europeans became exposed to the
psychological effects of Cannabis.

. Explain how marijuana was described in the years leading up
to the 1937 Marijuana Tax Act.

. Discuss the legal status of marijuana in the United States
since 1932 including current debates.

. Draw parallels among the various scientific and medical
studies on marijuana.

. Describe the type of receptor THC acts on in the brain and
compare the time course of smoked vs, oral THC.

. List the two most consistent physiological effects of
marijuana.

. Discuss evidence for the abuse potential of marijuana and
influences on the psychological effects of marijuana.

. Describe the effects of marijuana use on driving ability, the
lungs, sperm motility, and the immune system.

. Describe the range of evidence relating to whether marijuana
smoking leads to brain damage in humans.

a little-used pharmaceutical product, and nnrijuana
as a type of intoxicating cigar.ette, without realizing
that all these would soon be legally classified as a
single species, Cannsbis srzrlva. This single-species
classification has been controversial, because there
is a long tradition of distinguishing two main types
of Cannabis. Traditionally, C. sativa was cultivated
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primarily for hemp fiber and seeds. It grew as a

lanky plant up to 18 feet high and was relatively low

in potency in terms of psychoactive effects. C. indica

was cultivated in China and India, not only for fiber

and seeds but also for its psychoactive potency, as a

more compact plant, usually only two or three feet

tall. Currently, both C. sativq and C. indica ate

widely grown in such a way as to maximize their

psychoactive effects, and many hybrids have been

generated. Both users and commercial producers

promote the notion that C. sativa is more mentally

"uplifting" (stimulating) and C' indica is more sedat-

ing, although there is little scientific backing for

these proposed distinctions.

Preparations from Cannabis

The primary psychoactive agent, delta-9-tetrahy-

drocannabinol (THC), is concentrated in a resin,

with different amounts of the resin produced by dif-

ferent parts of the plant. The highest concentration

is found in tiny hairs called trichomes, which are

most abundant on the flowers of the female plant

(photograph). Therefore, various products made

from the plant will vary widely in their psychoac-

tive potency. The seeds, which contain oil rich in

essential amino acids, have at times been used as

food for both humans and domestic animals, and

they have no psychoactive potency. Marijuana cig-

arettes made from leaves may have as little as l%

THC, whereas cigarettes made from the flowering

tops ("buds") of some strains may contain up to

around 20% THC. By scraping or breaking off the

tiny hairtike trichomes and packing them together,

a more concentrated product called hashish can be

made, with up to 65% THC by weight. Growers

have become expert at selecting particular strains

and removing the male plants prior to pollination so

that the female plants ptoduce more flowers and no

seeds (sinsemilla). Artificial lighting cycles also

encourage flowering, thus increasing the yield of
the most psychoactive parts of the plant.

The widespread commercialization of first

medical and later recreational cannabis in several

U.S. states has led to a proliferation of products.

A female Cannabis plant containing trichomes. OCanna
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An Internet search of any of the large commercial

marijuana dispensaries will provide insight into a

mind-boggling affay of cannabis products, as well

as claims regarding the potential benefits of each'

In addition to various strains of C. sativa and

C. indica, plus hybrid strains, various extracts and

edible products are made from these plants.

Extracts

THC does not dissolve well in water, so over the

years people have used a variety of organic solvents

to extract THC from the plant material' A tradi-

tional method involved soaking the plant material

in ethanol, which could then be filtered and evapo-

rated, leaving behind a concentrated substance

referred to as "hash oil." Liquid butane allows a

faster and more efficient extraction, but this is a

dangerous method due to the explosiveness of

butane as it is evaporating. Most commercial

extraction facilities these days use liquid carbon

dioxide (COz) to produce oils or other forms known

as "budder," "wax," or "shatter," with THC concen-

trations as high as 70-80 percent' These concen-

trated forms are mostly used by heating them in

specially designed pipes and inhaling the vapors'

Solutions are also available for use in "vape" pens

(e-cigarettes, see ChaPter 10).



Hashish, concentrated resin from the Connobis plant, is
relatively rare in the United States. Source: Drug Enforcement
Administration
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Plant n-ratelial may be included in baked edibles,
sllch as cookies or bl'ownies, to allow oral con-
sumption of cannabis. Also, extracts can be incor-
porated into hard or chewy sugar candies, chocolate
candy, sodas, and many other edible products.

History
E;rriy Hi,riciy

The earliest reference to Cunabis is in a pharmacy
book written in2131 BC by Chinese emperor Shen
Nr.rng. Refelring to the er.rphoriant effects of Catt-
rtobis,he called it the "Liberator.of Sin." He recom-
mended it for some medical uses, including ,.female

weakness, gout, rheumatism, malaria, beriber.i,
constipation and absent-mindedness." Social use of
the plant had spread to rhe Middle East ancl Nor.th
Africa by AD 1000. In this period in the eastern
Mediterranean area, a legend developed around a
religious group that con.rmitted mur.der for political
reasons. The group was called "hashishiyya," from
which our word nssrrssul developed. In 1299,
Malco Polo told the story he had heard of this group
and its leader. It was a marvelous tale and had all
the ingredients necessary for a tale to survive
through the ages: intrigue, murder, sex, the use of
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drugs, and mysterious lands. The story ofthis group
and its activities was told in many ways over the
years, and Boccaccio's Decanteron contained one
story based on it. Stories of this gtoup, combined
with the frequent reference to the power and won_
derment of hashish in The Arabiqn Nigltts, were
widely circulated in Europe over the years.

l{ a rry An s I i it g * r's Ci; sr a g a i n s'i lVl ;i r ij u a ri.l
At the beginning of the 20th century, there was lim_
ited public interest in cannabis or use ofthe drug. In
the early 1920s, a few references in the mass media
reported the use by Mexican Americans of some_
thing the newspapers called marijuana, but public
concel'n was not aroused. In the late 1920s, how_
ever', a series of articles associating marijuana and
crime appeared in southern newspapers. As a result,
the public began to take an interest in this
"new" drug.

By the mid 1930s, perhaps no one was more
interested in marijuana than Harry Anslinger. From
1930 to 1962, Anslinger served as the commis-
sionel of the U.S. Bureau of Narcotics, an agency
located within the Department of the Treasury. The
Department of the Treasury was responsible for
coordinating enforcement efforts around several
n-rajor drug lar.vs, including the l914 Harrison Act
and the lSth Amendment, which instituted prohibi-
tion. After the 18th Amendment rvas repealed in
December 1933, marijuana became a main target of
drug law enfolcenent efforts. This meant that
Anslinger's buleau wolrld now take center stage. In
an effort to convince the American public that he

Cannobis (con a biss): the genus of plant known as
marUuana.

THC: delta-9{etrahydrocannabinol, the most psycho-
active chemical in cannabis.

hashish (hash eesh or hosh eesh): concentrated resin
from the Connobis plant.

sinsemilla (sin se mee ya): "without seeds"; a method
of growing more potent marUuana.

edible: any edible product that contains THC, usually
brownies, cookies, and candies.
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From Crack Babies to Marijuana Babies: Here We Go Again

Recently, two much-discussed articles on marijuana

use during pregnancy appeared in the scientific and

popular presses. ln January zo't7,lra Chasnoff-the
same lra Chasnoff who wrote about the so-called

crack babies in the tg8os (see Chapter 6)-published
a piece in the Americon Journal of O6stetrics ond
Gynecology, entitled "Medical Marijuana Laws and

Pregnancy' lmplications for Public Health Policy.'"

A month later, Catherine S. Louis authored "Pregnant

Women Turn to Marijuana, Perhaps Harming lnfants,"
which appeared in Ihe New York limes.s

Both authors argued that the number of preg-
nant women using marijuana has increased as a

result of legislation in some states that allow
patients to use marijuana on the advice of their phy-

sicians and as a result of eight states now allowing
adults to legally purchase and use the substance for
recreational purposes. Moreover, these women may

be subjecting their fetuses, the authors explained,
to subsequent cognitive impairments. Chasnoff fur-
ther concluded that physicians should be educated
about the negative effects of marijuana use during
pregnancy and should discourage its use by preg-
nant women and women considering becoming
pregnant. ln our view, because the arguments put
forth in these pieces appear, at least on the surface,
helpful, it might be instructive to take a closer look
at the evidence on which the claims are based.

Regarding the assertion that increasing num-
bers of expectant mothers are using marijuana, the
percentage of pregnant women who report having

used the drug within the past month ranges from
i percent to 5 percent.a These percentages have
remained consistent for decades. ln addition, it is
important to note that illicit substance use, including
marijuana, substantially decreases during preg-
nancy, especially as pregnancy progresses.s

An extremely concerning feature of the article by

Chasnoff is that it misinterprets several previous find-
ings in order to draw its conclusion. For example, in

referring to research by van Gelder and colleagues,6

Chasnoff states there is "a significant increased risk for
anencephaly when the fetus is exposed to marijuana."
The original paper, however, revealed no such statisti-

cally significant difference. lmportantly, the overwhelm-
ing majority of individuals exposed to marijuana were
not afflicted with anencephaly. This, combined with the
fact that there are multiple causes for anencephaly,

highllghts the inappropriateness of the author's singling

out marijuana as the causal agent.
Chasnoffs and Louiss articles suffer from over-

interpretation of animal data. Multiple caveats suggest

that caution should be exercised when extrapolating
findings from laboratory animals to humans. Typical dos-
ing regimens used in these studies exceed doses taken
by humans for medical or recreational purposes.

Humans usually escalate their doses gradually, prevent-

ing potential toxic effects. This is pertinent because the
harmful effects of larger drug doses can be prevented

with previous exposure to escalating doses.T ln these
animal studies, doses were not administered in gradually

escalating fashion, mimicking typical human consump-
tion patterns. Therefore, the relevance of the animal

data-discussed in both articles-to humans is, at best,

unclear.

The articles overstate data on cognition as well. For
example, based on findings from Goldschmidt and

coworkers,8 Chasnoff states that "a consistent pattern of
deficits'has been observed in prenatally marijuana-

exposed children. ln reality, evidence from the entire liter-

ature shows that cognitive performance of marijuana-ex-

posed children does not differ from control subjects on

the overwhelming majority of measures.e Furthermore,

even when there is an observed statistical difference, it
would be inappropriate to conclude that the difference

has an impact on the daily functioning of the maril'ua-

na-exposed individual. That is why it is paramount to
determine whether scores are within the normal popula-

tion range.to lf scientists (as well as nonscientists) are not
cognizant of this potential pitfall, they run the risk of inap-

propriately labeling children as impaired, just as was the
case during the'track baby epidemic."

To be clear, in our view, women already receive

sound advice related to proper nutrition, environmental
hazards, and substance use. This is quite appropriate.

However, the suggestions by Chasnoffand Louis exag-
gerate the potential negative consequences of prenatal

marijuana exposure and put women and their children

at greater risk for stigmatization and punitive legal con-

sequences. Clearly, we support the goal of increased

education, but it is critically important to ensure that the
education is accurate, comprehensive, and not biased.
This objective approach will decrease unintended con-
sequences and, ultimately, enhance public health.

Box icon credit:@GIow lmoges RF



was up for the task, Anslinger used his position to
tout the dangers of marijuana and to lobby for fed-
eral legislation banning the use, sale, and tr.affick-
ing of the drug.

In 1937 , Anslinger wrore an influential edito-
rial entitled "Marijuana-Assassin of youth.,,ll He
claimed fhat marijuana caused some troubled teen-
aged girls to commit suicide and others to run away
from home and become "slaves of the narcotic."
But the primary purpose of the article was to con-
vince readers that marijuana dir.ectly caused doz-
ens of murders. In one particularly gruesome
account, Anslinger described the murder of an
entire family: "[P]olice found a youth staggering
about in a human slaughterhouse. With an ax he
had killed his father, mother, two brothers, and a
sister. He had no recollection of having committed
this multiple crime. Ordinarily a sane, rather quiet
young man, he had become crazed from smoking
marijuana." The fact that there was a paucity evi-
dence to support the claims put forth by Anslinger
did not deter him from publishing essentially the
same editorial, with the same title, in multiple pop-
ular outlets.

With such poor evidence supporting a relation-
ship between marijuana use and crime, it seems
strange that the true story was never told. There are
probably several reasons for this. One might have
had something to do with the fact that most people
had never heard of marijuana prior to the exagger-
ated claims made by Anslinger and the press. They
were familiar with Cannabis and its effects, but
marijuana was being publicized as a ',new" drug.
Of course, it wasn't. You might recall that a similar
thing happened in the mid-1980s wirh "crack" and
in the late 1990s with "meth." Most people thought
these were new drugs as well and didn't realize they
were just cocaine and methamphetamine-two
drugs that were medically legal and that had been
used recreationally for decades.

A second reason was the Great Depression,
which made everyone acutely sensitive to, and
wary of, any new and particularly foreign influ-
ences. The fact that it was Mexican Americans and
African Americans who were associated with use
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of the drug made the drug doubly stigmatized for
white Americans.

The Marijuana Tax Act of 1937
Passage of the Marijuana Tax Act was a foregone
conclusion. Few witnesses testified other than law
enforcement officials. The birdseed industry had
the act modified so they could import sterilized
Cannabis seed for use in their product. An official
of the American Medical Association (AMA) testi-
fied on his own behalf, not repr.esenting the AMA,
against the bill. In general, physicians resented
being monitored by the Bureau of Narcotics and
some wanted to preserve access to marijuana for
medical purposes. Other physicians did not want to
associate the old remedies based on Cannabis with
this new, foreign-sounding drug marijuana. The bill
was passed in August and became effective on
October l,1931.

The general characteristics of the law followed
the regulation-by-taxation theme of the Harrison
Act of I 9 14. The federal law did not outlaw Cannabis
or its preparations; itjust taxed the grower, distribu-
tor, seller, and buyer and made it, administratively,
almost impossible for anyone to have anything to do
with Cannabis. In addition, the Bureau of Narcotics
prepared a uniform law that many states adopted.
The uniform law on marijuana specifically named
C. sativa as the species of plant whose leafy material
is illegal. In later years, the defense in some court
cases argued that the material confiscated by the
police had come from C. indica and thus was not
illegal. In the usual specimens obtained by police or
presented in court, all distinguishing characteristics
between species are either not present or are obliter-
ated by drying and crushing. Because the cannabi-
noids are present in all species, there is no way of
telling what species most confiscated marijuana
belongs to. The current federal and uniform laws
refer only to Cannabis.

anencephaly (an, en 'sefal6): a condition, at birth, in

which major portions of the brain, skull, and scalp are
absent.
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The state laws made possession and use of
Cannabis illegal per se. In May 1969,32 years later,

the U.S. Supreme Court declared the Marijuana
Tax Act unconstitutional and overturned the con-

viction of Timothy Leary because there was

in the Federal anti-marijuana law-a section that
requires the suspect to pay a tax on the drug, thus

incriminating himself, in violation of the Fifth
Amendment: and a section that assumes (rather than
requiring proof) that a person with foreign-
grown marijuana in his possession knows it is

smuggled.r2

After the Marijuana Tax Act

Passage of the Marijuana Tax Act had an amazing

effect. Almost immediately there was a sharp
reduction in the reports of heinous crimes commit-
ted under the influence of marijuana. The price of
the drug increased rapidly (the war came along,

too), so that five years after passage of the act the

cost of a marijuana cigarette-a reefer-had
increased 6 to 12 times and cost about a dollar.

The year after the law was enacted, 1938,

Mayor Fiorello LaGuardia of New York City asked

the New York Academy of Medicine to study the

effects of marijuana to determine whether the drug
caused long-term damage to its users. The report,
issued in 1944, was extensive and drew conclusions
that were not popular:

Those who have been smoking marihuana for a

period of years showed no mental or physical deteri-
oration which may be attributed to the drug.13

Reactions from authorities were swift and
pejorative. An editorial published in the influential
JAMA shortly after the report was released provides
an indication of how it was viewed by many in the
medical community:

A recent tragedy, the case of the hotel bell boy who
killed a federal guard in Oklahoma City while under

the influence of marihuana, is more eloquent testi-

mony concerning the dangers ofthe drug.... Public
officials will do well to disregard this unscientific,
uncritical study, and continue to regard marihuana as

a menace wherever it is purveyed."la

As is the case with many reports and criticisms of
them, there is little dispute over the data. Most of
the concerns deal with the interpretations of the
data. In general, data from the LaGuardia Report
are consistent with reports before and after its pub-

Iication, including the Hemp Commission Report

of the 1890s, the Panama CatalZone reports of the
1930s, and reports in the 1970s by the governments

of New Zealand, Canada, the United Kingdom, and

the United States. The findings of the LaGuardia
Report are also in agreement with those of the Insti-
tute of Medicine's comprehensive 1999 study enti-
tled Marijuana and Medicine: Assessing the

Science.ts Thus, it seems as though the strong neg-

ative reactions by some authorities were motivated
by factors other than the actual data.

The 1950s and 1960s were a unique period in
the history of marijuana. There was a hiatus in sci-

entific research on Cannabis, but experimentation
in the streets increased. With the arrival of the
"psychedelic '60s," the popular press emphasized

the more sensational hallucinogens. Marijuana,
however, became the most common symbol of
youthful rejection of authority and identification
with a new era of personal freedom. According to

the Monitoring the Future survey and the National
Survey on Drug Use and Health (see Chapter 1),

marijuana use apparently peaked in popularity in
the United States in the late 1970s.

During the mid-1980s and early 1990s, mari-
juana use became much less popular than it had

been in the 1970s, but the mid-1990s saw a signifi-
cant rise in the number of young people using mar-

ijuana. This number peaked in the late 1990s and

around 2012, althoagh it never reached the levels

observed in the 1970s.

Pharmacology
Cannabinoid Chemicals

The chemistry of Cannabls is quite complex, and

the isolation and extraction of the active ingredient
are difficult even today. There are more than 400

chemicals in marijuana, but only about 70 of them



are unique to the Cannabis plant-these are called
cannabinoids. One of them, delta-9-tetrahydrocan-
nabinol (THC), was isolated and synthesized in
1964 and is clearly the most pharmacologically
active. However, other cannabinoids may also con-
tribute to the overall effects. In particular, cannabi-
diol (CBD) has received a great deal of attention as

a nonpsychoactive cannabinoid that has been tested
as an antiseizure medication and seems to limit
some of the effects of THC when administered con-
currently. Although most of the research has been
aimed at THC and CBD, an Internet search using
the term "cannabinoid" will reveal claims and spec-
ulations about the potential medical benefits of at
least eight other plant-derived cannabinoids Qthyto-
cannabinoids). Medical marijuana proponents also
argue that the benefits of using the plant itself might
not be captured in any single pure chemical, such as
THC, due to entourage effects, that is, effects pro-
duced by a combination of not only cannabinoids
but also the terpenes (oils produced by several types
of plants). The terpenes in cannabis are primarily
responsible for the particular odors ofthe plants.

Absorption, Distribution, and Elimination
When smoked, THC is rapidly absorbed into the
blood and distributed first to the brain, then redis-
tributed to the rest of the body, so that within
30 minutes much is gone from the brain. The peak
mood-altering and cardiovascular effects occur
together, usually within 5 to 10 minutes. When
taken in the form of an edible, THC is slowly and
poorly absorbed and less than 20 percent reaches
the brain due to extensive metabolism in the liver.
This means that the peak effects following this
route of administration do not occur before 60 to 90
minutes after ingesting the drug. THC has a half-
life of about 19 hours, but metabolites (of which
there are at least 45), primarily 1 l-hydroxy-delta-9-
THC, are formed in the liver and have a half-life of
50 hours. After one week, 25 to 30 percent
of the THC and its metabolites might still remain
in the body. Complete elimination of a large dose
of THC and its metabolites might take two or three
weeks.
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The high lipid solubiliry of THC means thar ir
(like its metabolites) is selectively taken up and
stored in fatty tissue to be released slowly. Excre-
tion is primarily through the feces. All of this has
two important implications: (1) There is no easy
way to monitor (in urine or blood) THC/metabolite
levels and relate them to behavioral and/or physio-
logical effects, as can be done with alcohol, and (2)
the long-lasting, steady, low concentration of THC
and its metabolites on the brain and other organs
might have effects not yet determined.

Mechanism of Action
Scientists searched for years for a key to help them
unlock the mystery of marijuana's action on the cen-
tral nervous system. The identification and purifica-
tion of THC was a necessary step. A significant
breakthrough was made in 1988 by researchers who
developed a technique to identify and measure highly
specific and selective binding sites for THC and
related compounds in rat brains. One result was the
development and testing of more potent marijuana
analogues. Anotherresult was the 1992 discovery of
a natural substance produced in the body that has
marijuana-like effects when administered to animals.
This endogenous substance (see Figure 15.1) is
called anandamide (ananda is sanskrit for..bliss',).

THC and other cannabinoids are known to
bind to two receptors, designated CB1 and CB2.t6
There are substantial differences in the structures of
these two receptors and their anatomical distribu-
tion in the body. CB2 receptors are found mainly
outside the brain in immune cells, suggesting that
cannabinoids may play a role in the modulation of
the immune response. CBI receptors are found
throughout the body, but primarily in the brain.
These receptors are much more abundant than
receptors for morphine and heroin,l6 suggesting
that the potential actions of cannabinoids are wide-
spread. The locations of CB I receptors in the brain
also may provide some clues about their functions.
For example, the highest density of CB I receptors
has been found in cells ofthe basal ganglia; its pri-
mary components include the caudate nucleus,
putamen, and globus pallidus. Cells of the basal
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A-g rnc Anandamide
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Figure t5.t Delta-g THC, The Most Active Substance Found in Connobis, and Anandamide, lsolated from Brain Tissue

ganglia are involved in coordinating body

movements. Other regions that also contain a larger

number of CB 1 receptors include the cerebelhtm,

which coordinates fine body movements; hippo-

campus, which is involved in aspects of memory

storage; cerebral cortex, which regulates the inte-

gration of higher cognitive functions; and nucleus

accumbens, which is involved in reward.

Physiological Effects

Cardiovascular One of the most consistent physio-

logical effects observed after smoking marijuana or

ingesting THC in the form of an edible is an

increase in heart rate. Figure 15.2 shows that both

smoked marijuana and oral THC increase heart rate

in a dose-dependent fashion (i.e., larger THC doses

produced larger heart rate elevations;.17'18 While
peak effects produced by smoking marijuana con-

taining 4 percent THC are similar to 20 mg oral

THC, the drug's time course of action is different.

Peak heart-rate elevations produced by smoked

marijuana occur within 10 minutes and return to

baseline levels after about 90 minutes, whereas

peak heart-rate elevations produced by oral THC

do not occur until 90 minutes following ingestion

and remain elevated for at least four hours after

drug administration. The effect of cannabis-based

drugs on blood pressure is more variable, with

some studies reporting slight increases and others

reporting no effect. Concern has been raised that

smoking marijuana might have permanent adverse

effects on the cardiovascular system, but there is no

evidence to indicate that marijuana-related cardio-

vascular effects are associated with serious health

problems for most young, healthy users. Individu-
als with hypertension, cerebrovascular disease, and

coronary atherosclerosis, however, should probably

avoid smoking marijuana or ingesting THC because

of the drug's effects on heart rate.

Other Effects Other consistent acute effects of
smoked marijuana are reddening of the eyes and

dryness of the mouth and throat. Except for bron-

chodilation, acute exposure to marijuana has little
effect on breathing as measured by conventional

pulmonary tests. Heavy marijuana smoking over a

much longer period could lead to clinically
significant and less readily reversible impairment

of pulmonary function.

Behavioral Effects

Abuse Potential Less than 10 percent of marijuana

users will become addicted to the drug at some

point. This number may seem small or large

depending on your perspective or preconceived

beliefs about marijuana. Perhaps it would be helpful
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to know that about 15 percent of alcohol drinkers
and a third of tobacco smokers will become
addicted over their lifetime.re Comparatively speak-
ing, marijuana has a lower abuse potential than the
other two legally available psychoactive drugs.
THC is the main component of marijuana that is
thought to be responsible for consumption of the
drug. In other words, if THC was removed from
marijuana, far fewer people would consume the
substance. Indeed, data from laboratory studies
show that marijuana is robustly self-administered by
young adults and that marijuana self-administration
is THC concentration-dependent. That is, marijuana
cigarettes containing a higher concentration of
THC are preferred to those containing a lower THC
concentration.20 These findings not only confirm
the importance of THC in the maintenance of mar-
ijuana self-administration, but they also suggest
that THC administered alone (e.g., oral administra-
tion of THC capsules) might be rewarding or rein-
forcing. In one study, experienced marijuana
smokers were given repeated opportunities to
self-administer oral THC capsules or to receive g2.

Several important findings from that study are
worth mentioning. Participants selected (l) money
on more occasions than the capsules, (2) more
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Oral THC (Edible)
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drug-containing capsules than placebo, and (3)
more THC capsules during sociaVrecreational peri-
ods compared to non-social/recreational periods.
These observations indicate that the abuse potential
of oral THC is modest at best, experienced mari-
juana smokers can readily distinguish THC-related
effects, and cannabis self-administration is influ-
enced by social factors.18

Subjective Effects Some have argued that before
novice marijuana smokers are able to experience
marijuana-associated positive subjective effects
(e.g., euphoria, feeling stoned), they must go
through a process by which they learn to recognize
and interpret the psychoactive effects produced by
smoked marijuana.2r Although this position
remains open for debate, marijuana-related effects
in experienced users have been well characterized.
In general, experienced smokers report increased
ratings of euphoria, high, mellowness, hunger, and

CBD: cannabidiol, a nonpsychoactive cannabinoid that is
being tested to treat several illnesses, including epilepsy.
anandamide (an ond a mide): a chemical isolated from
brain tissue that has marijuanaJike properties.
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Figure 15.2 The Time Course for Heart Rate after Smoking Marijuana (left) and lngesting Oral THC (rigAt)
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stimulation after smoking marijuana. These effects

peak within 5 to l0 minutes and last for about two

hours; they are usually THC concentration-dependent.

Subjective effects reported by infrequent smokers

are similar but more intense because these individ-

uals are less tolerant to marijuana-associated

effects. Also, at higher THC concentrations some

infrequent smokers may report negative effects

such as mild paranoia and hallucination. As seen

with heart rate, peak subjective effects of oral THC

are similar to those produced by smoked marijuana

except that the time course of the effects is differ-

ent. Peak subiective effects occur about 90 minutes

following oral ingestion and can last for several

hours. According to the dominant view in drug

abuse research, an important factor in determining

whether a drug is likely to be abused is the rapidity

of the onset of its effects. The more rapidly a drug's

effects are experienced, the more likely it will be

abused. This might be why the abuse potential of
oral THC is limited.

Although an earlier study demonstrated that

relatively less-experienced marijuana smokers

reported being intoxicated after smoking a placebo

cigarette, more recent studies demonstrate that reg-

ular marijuana smokers are not so readily duped.

Placebo cigarettes were made by extracting the THC

and other cannabinoids from marijuana-the ciga-

rettes looked and smelled like regular marijuana

cigarettes. In these studies, participants "sampled"

marijuana cigarettes (containing placebo or differ-

ent THC concentrations) and alternative reinforcers

(e.g., money or snack food), and subsequently were

given an option to choose. Participants selected cig-

arettes containing THC on more than 75 percent of
choice opportunities compared to only about 40 per-

cent when placebo cigarettes were available." Fut-

thermore, subjective effects produced by the placebo

cigarefte were identical to baseline levels, whereas

subjective effects produced by cigarettes containing

THC were significantly elevated.

Gognltlve Effects The effect of marijuana on cognl-

tive performance has received a great deal of atten-

tion in the popular press and the scientific literature

Experienced marijuana smokers report euphoria, "high'''
hunger, and mellowness after smoking; the magnitude of the

effects depends on the THC concentration. ODoug Menuez/

Getty lmages RF

for many years with little consensus. Unfortunately,

many discussions on this topic add to the confusion

because they fail to differentiate between the direct

(acute) effects and long-term (chronic) effects of
marijuana. They also fail to consider the marijuana

use history of the user. Following acute administra-

tion of smoked marijuana, infrequent users display

temporary disruptions in several domains: The

amount of time that is required to complete cogni-

tive tasks is increased (slowed cognitive process-

lng); performance on immediate recall tasks is

decreased (disrupted short-term memory); prema-

ture responding is increased (disrupted inhibitory

control)iperformance on tracking tasks is decreased

(loss of sustained concentration or vigilance); and

performance on tasks requiring participants to



reproduce computer-generated patterns is disrupted
(disrupted visuospatial processing). The acute
effects of marijuana on the performance of frequent
smokers are less dramatic, owing to tolerance.lT
Some negative cognitive effects, however, have
been reported. For example, slowing of cognitive
performance is a consistent finding, even in regular
users. This effect may have significant behavioral
consequences under circumstances requiring com-
plex operations that must be accomplished in a lim-
ited time frame, such as certain workplace tasks
and the operation of machinery and automobiles.

It is also difficult to make definitive statements
abott long-term cognitive effects of marijuana use
because of divergent findings and interpretations.
More general conclusions, however, are possible.
Based on the available evidence, it appears that fol-
lowing a sufficient period of abstinence (greater than
one month), regular marijuana use produces minimal
effects on cognition as measured by standard neuro-
psychological tests.23 The reader is cautioned, though,
because as the number of better controlled studies
increases the current conclusions about the long-term
effects of marijuana on cognition may change.

Today, it is almost impossible to review the
cognitive effects of marijuana without a discussion
of brain-imaging findings. Recent studies have
combined cognitive testing and brain-imaging tech-
niques to examine differences in cognitive perfor-
mance and brain activation between marijuana
users and nonusers. One study used positron emis-
sion tomography (PET) and an executive function
task to investigate brain activation and cognition in
a group of control subjects and frequent marijuana
smokers who had been abstinentfor 25 days.2a The
researchers found increased activity in the hippo-
campus and decreased activity in the left anterior
cingulate and left lateral prefrontal cortex among
marijuana users compared to control subjects.
Despite these differential brain activations, there
were no differences between marijuana users and
nonusers on cognitive performance. Others have
reported similar findings.2s'26 These observations
highlight at least two imporrant points: (l) Subtle
brain activation differences may have little impact
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on behavior; and (2) the major behavior of
interest-cognitive performance-should be exam_
ined carefully first. Otherwise, researchers may
conduct neuroimaging studies with limited or no
behavioral correlates, and they (and the public)
may be enticed to draw inappropriate conclusions
about the neural basis of cognition. The take-home
message is that there has been no scientific study
demonstrating meaningful brain differences
between marijuana users and controls.

Appetite We've all heard about someone smoking
marijuana and then getting a case of the "munch-
ies," a marked increase in food intake. Data from a
large number of studies clearly demonstrate that
marijuana and oral THC significantly increase food
intake. These findings provided the basis for at
least one clinical use of cannabis-based drugs-
appetite stimulation (see "Medical Uses of
Cannabis"). A related question that has received
less scientific attention is: Why aren't most chronic
marijuana users overweight? Some have speculated
that tolerance develops to the food-intake-
enhancing effect of cannabis-based drugs, but no
empirical data support this view. The bottom line is
that the average weight of chronic marijuana users
is not known because there have been no studies
addressing this issue. So, the average chronic mari-
juana user may indeed be overweight. Or it could
be that most marijuana use occurs during youth
(this is certainly supported by data from national
surveys), when people and their metabolisms are
most active. This would possibly offset weight gain
caused by marijuana use.

Talking Another consistent behavioral effect of
marijuana is on verbal behavior (talking). Stimulant
drugs such as amphetamines have been shown to
increase verbal interactions, as have moderate
doses of alcohol. Marijuana appears to be different.
Several researchers have reported that whereas non-
verbal social interactions are increased following
marijuana smoking, verbal exchanges are dramati-
cally decreased.2T
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iledical Uses ol Connabis
By the early 1900s, a variety of Cannabis prepara-

tions were available for medical use. Passage of the

Marijuana Tax Act of 1937 resulted cannabis-based

medicines being withdrawn from the market, and in

t941 Cannabis was dropped from The National
Formulary and The U.S. Pharmacopoeia. The

decline in the medical use of Cannabis occurred

long before 1937, and the law did not eliminate an

actively used therapeutic agent. Four factors, how-

ever, contributed to the declining prescription rate

of this plant. One was the development of new and

better drugs for most illnesses. Second was the

variability of the available medicinal preparations

of Cannabis. Third, the active ingredient is insolu-

ble in water and thus not amenable to injectable

preparations. Last, taken orally it has an unusually

long latency to onset of action.

But in 1971, a time when even President Rich-

ard Nixon was calling on the medical community to

conduct rigorous research investigating the poten-

tial medical utility of marijuana, a letter published

in the widely read Journal of the American Medical

As s o c iation (JAMA) spurred tremendous renewed

interest in medical marijuana.2s The letter described

the cases of 11 glaucoma patients who had their

intraocular pressure measured before and after

smoking marijuana cigarettes. Marijuana dramati-

cally reduced the fluid pressure of the eye in 10 of
the 11 patients. The JAMA letter became a cause

c6ldbre in 1975, when Robert Randall, a glaucoma

patient, was arrested for growing marijuana plants

on his back porch for medical purposes. Fifteen

months later, he (1) saw the charges against him
dropped, (2) had his physician certify that the only

way for him to avoid blindness was to smoke five

ioints a day, and (3) had these marijuana joints

legally supplied to him by the U.S. government.2e

This began a limited program in which the federal

government provided marijuana cigarettes to
patients with the FDA's approval of a "compassion-

ate use" protocol. This federal program remains

open today but has always enrolled only a small

number of patients.

The potential medical benefits of marijuana is an issue with a

long and controversial history, olars A. Niki RF

At the same time, other researchers were

assessing the effects of oral THC and smoked mar-

ijuana for nausea and vomiting caused by certain

drugs used to treat cancer. Results from the studies

consistently showed that cannabis-based treatments

were superior to placebo and other antiemetic
medications.3o In 1985, the FDA approved oral

THC for treating nausea during cancer chemother-

apy. The drug is referred to by the generic name

dronabinol and the brand name Marinol. In 1993,

dronabinol, oral THC, was also approved as an

appetite-stimulant in patients with AIDS. Thus,

oral THC is FDA approved for two indications:
(1) nausea and vomiting associated with cancer

chemotherapy and (2) appetite stimulation in
patients with AIDS.

Smoked marijuana has not received FDA

approval for any indications, even though it has been

shown to be more, or as, effective as oral THC in

treating conditions for which oral THC is approved.

As you may know, this situation has led to heated



Table rs.r
29 States and Washington, D.C.,
Have Passed Laws Legalizing
Medical Marijuana

States
Year
Passed

Possession
Limits

Alaska

Arkansas

Arizona

California

Colorado

Connecticut

Delaware

District of
Columbia

Florida

Hawaii

lllinois

Maine

Maryland

Massachusetts

Michigan

Minnesota

Montana

Nevada

New Hampshire

New Jersey

New Mexico

New York

North Dakota

Ohio

Oregon

Pennsylvania

Rhode lsland

Vermont

Washington

West Virginia

'l oz; 6 plants

3oz

2.5 oz;12 plants

8 oz;18 plants

2 oz; 6 plants

2.5 oz

6oz

2 oz; to be
determined

Amount to be
determined

3 oz; 7 plants

2.5 oz

2.5 oz; 6 plants

3O-day supply

60-day supply

2.5 oz; 12 plants

30-day supply

1 oz; 6 plants

1 oz; 7 plants

2oz

2oz

6 oz; 16 plants

30-day supply

3oz

90-day supply

24 oz;24 plants

30-day supply

2.5 oz; 12 plants

2 oz; 9 plants

24 oz; '15 plants

3O-day Supply

1998

2016

2010

1996

2000

2012

201',1

2010

2016

2000

2013

'1999

2014

2012

2008

2014

2004

2000

2013

2010

2007

2014

2016

2016

1998

2016

2006

2004

1998

2017
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debates about whether the smoked version of the
drug should be approved by the FDA, proponents of
smoked marijuana for medical purposes argue that
the drug should be made legally available because it
has several advantages relative to oral THC, includ-
ing a more rapid onset of effects and greater ability
ofthe patient to control therapeutic effects. It is also
possible that marijuana plant constituents other than
THC may contribute to the drug's therapeutic
effects, that is, the combination and/or balance of
the chemicals contained in the plant may be an
important factor for beneficial effects.

Such arguments, however, have not been suc-
cessful in terms of reclassifying marijuana under the
U.S. Controlled Substance Act. Opponents of
smoked medical marijuana argue that there are
already approved effective drugs for the proposed
conditions that marijuana would treat and that the
abuse potential of marijuana is too high. Marijuana
remains a Schedule I drug, which means, from a

federal government perspective, it cannot be legally
prescribed because it has no acceptable medical use.

As a result of a growing scientific database
showing smoked marijuana to be efficacious in
treating some medical conditions, including
anorexia associated with weight loss in patients
with AIDS and neuropathic pain, and anecdotal
reports indicating the therapeutic potential of mari-
juana for a variety of other conditions ranging from
posttraumatic stress disorder to seizure control,
citizens in individual states have passed ballot ini-
tiatives allowing for the medical use of marijuana.

As can be seen in Table 15. 1, a total of 28 states

and Washington, D.C., have passed legislation
allowing patients, with a physician's authorization,

intraocular pressure: the fluid pressure inside the eye.

antiemetic: a drug used to reduce nausea and
vomiting.

dronabinol ldro nob i noll): the generic name for
prescription THC in oil in a gelatin capsule.

Marinol (more i noll): the brand name for dronabinol.

neuropathic pain: a chronic condition that leads to
persistent pain symptoms.
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to use marijuana for medical purposes. You may

have noticed that some medical marijuana advo-

cates overreach when extolling the virtues of mari-

juana, claiming that the drug is a cure for

everything from heartache to cancer. Clearly,

many of these claims are exaggerations. This does

not, however, mean we should dismiss all claims

of the drug's potential medical utility. Indeed,

results from controlled studies show that mari-
juana is effective at providing short-term relief in

patients suffering from neuropathic pain,3r as well

as in decreasing spasticity and pain in patients

with multiple sclerosis.32 Better evidence is still
needed for many other conditions for which mari-

juana is recommended. As such we can expect the

number of controlled studies assessing the drug's

potential medical utility to grow. We can also

expect the number of medical marijuana states

will continue to increase with each election, as has

been the case for the two decades.

Federal Medical Cannabis Law ls lnconsistent with State Laws

ln August 2016, the Drug Enforcement Agency
(DEA) rejected a petition that would have reclassi-

fied marijuana under the federal Controlled
Substance Act. The drug is currently listed on

Schedule l, meaning that it is viewed as having "no

acceptable medical use in treatment," and is there-

fore banned in the United States. The proposed

change would have moved marijuana to Schedule ll,

making it available by prescription nationwide. Such

a change would have represented a major step

toward resolving the confusion that characterizes

our current laws on marijuana.

Despite many peoples'assumptions to the

contrary, the current law does not ban scientific

investigation into the harms and benefits of the

drug, so moving marijuana to Schedule ll won't lead

to major changes in research activity. lt's true that

scientists studying marijuana must jump through

multiple bureaucratic and regulatory hoops. But the

same requirements apply to many other Schedule ll

substances. Nevertheless, dozens of scientists have

been engaged in such research for decades. That is

how we know, for example, that the drug stimulates

appetite in HlV-positive patients, which could be a

lifesaver for someone suffering from AIDS wasting

syndrome, and that marijuana is useful in the treat-

ment of neuropathic pain, chronic pain, and spastic-

ity due to multiple sclerosis.

It is therapeutic benefits such as these that have

compelled citizens to vote repeatedly over the past

two decades to legalize medical marijuana at the

state level. Today, z8 states and the District of

Columbia allow patients to use marijuana for specific

medical conditions. Yet federal law still technically

forbids the use of medical marijuana. The inconsis-

tency of federal laws with these other programs and

initiatives, and with the increasing number of studies

demonstrating the medical usefulness of the

substance, makes marijuana's Schedule I status seem

like medical and/or governmental hypocrisy, under-

mining peoples'trust in the relevant federal agencies.

ln fact, there is now a general sentiment among

scientists that the failed war on drugs has biased

the DEA against acknowledging ony therapeutic
potential of marijuana. Many scientists and educa-

tors have expressed concerns about losing credibil-

ity with many young people and with those seeking

treatments for a variety of medical conditions

because our current scheduling of marijuana

ignores the scientific and medical evidence. The

scheduling of marijuana appears to be based on

factors other than the available empirical evidence.

As a result, health care professionals should be

concerned that individuals most in need of help and

objective advice might reject other drug-related

information from "official" sources, even when the

information is accurate. This can contribute to

patients being more susceptible to seeking quack-

ery in lieu of proven medicine, which can put them

at unnecessary risk. This raises the question of

whether a law enforcement agency should have the

final word on medical decisions. What do you think?

Which federal agency should determine whether

marijuana can be used medically?

Box icon credit: @Novo Development RF
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Gauses for Goncern
Abuse and Dependence

Can regular marijuana use produce a withdrawal
syndrome?.Data from a variety of human labora-
tory and clinical studies demonstrate that an absti-
nence syndrome can be observed following abrupt
cessation of several days of smoked marijuana
administration or oral delta-9-THC administra-
tion.33 Cannabinoid withdrawal is not life threaten-
ing, but symptoms can be unpleasant. Marijuana
withdrawal syndrome in regular users may include
negative mood states (e.g., anxiety, restlessness,
depression, and irritability), disrupted sleep,
decreased food intake, and in some cases, aggres-
sive behavior. These symptoms have been reported
to begin I day after cannabinoid cessation and per-
sist from 4to 12 days, depending on an individual's
level of marijuana dependence. The majority of
marijuana users do not experience withdrawal
symptoms nor do they meet DSM-1 criteria for can-
nabis use disorder. But these findings remind us
that regular use of marijuana (or any psychoactive
substance) can produce a variety of effects, both
positive and negative.3a

The evidence now suggests that if high levels
of marijuana are used regularly over a sustained
period, tolerance can develop to many marijuana-
related effects, including the cognitive-impairing,
physiological, and subjective effects. However, tol-
erance may not develop uniformly across each of
these variables. For example, it has been
demonstrated that heavy marijuana smokers exhibit
minimal cognitive disruptions during marijuana
intoxication, while showing dramatic heart rate
increases and reporting significant levels of eupho-
ria. These findings suggest that tolerance may
develop more readily to marijuana-related cognitive
effects than to heart rate responses and subjective
effects. l7

Toxicity Potential

Acute Physiological Effects The acute physiological
effects of marijuana, primarily an increase in heart
rate, have not been thought to be a threat to health.
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However, as the marijuana-using population ages,
there is concern that individuals with high blood
pressure, heart disease, or hardening of the arteries
might be harmed by smoking marijuana.3a The
lethal dose ofTHC has not been extensively studied
in animals, and no human deaths have been reported
from "overdoses" of marijuana. Thus, marijuana
overdose does not appear to be an important public
health issue.

Chronic lung Exposure There has been a great deal
of concern about the possible long-term effects of
chronic marijuana use on lung function or risk of
lung diseases such as cancer and emphysema. Most
studies that have evaluated the association of mari-
juana smoking with chronic respiratory symptoms
(cough, phlegm, wheezing, and breathlessness)
have found a positive correlation of smoking with
symptoms of chronic bronchitis (mainly cough and
phlegm), but not with shortness of breath.3a Short-
ness of breath is the most serious and debilitating
symptom of progressive lung disease. In addition,
most individuals who smoke marijuana also smoke
tobacco cigarettes, and when tobacco use is
accounted for, the positive correlation between
marijuana smoking and symptoms of chronic bron-
chitis is no longer statistically significant. This sug-
gest that marijuana smoking alone does not present
a significant risk for developing lung disease.

Nonetheless, marijuana smoke has been
compared with tobacco smoke. Some of the
constituents differ (there is no nicotine in marijuana
smoke and no THC in tobacco), but many of the
dangerous components are found in both. Total tar
levels, carbon monoxide, hydrogen cyanide, and
nitrosamines are found in similar amounts (except
for tobacco-specific nitrosamines, which are car-
cinogens). Another potent carcinogen, benzopy-
rene, is found in greater amounts in marijuana than
in tobacco. Everyone suspects that marijuana
smoking will eventually be shown to cause cancer,
but how much of a problem this will be compared
with tobacco is hard to say. On the one hand, few
marijuana smokers smoke 20 marijuana cigarettes
every day, whereas tobacco smokers regularly
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smoke this much. On the other hand, the marijuana

cigarette is not filtered and the user generally gets

as much concentrated smoke as possible as far

down in the lungs as possible and holds it there.

When compared with tobacco smoking, the

accumulated evidence suggests far lower risks for
lung dysfunctions of even regular heavy use of
marijuana compared with the grave lung

consequences of tobacco smoking.35

Vaping to Decrease Toxicity In an effort to decrease

potential lung toxicity associated with smoking

marijuana, some individuals have begun vaping the

drug. Vaping refers to the vaporization of sub-

stances (e.g., cannabis products) whereby liquid,
oil, or plant material is heated to a temperature that

releases an aerosolized mixture of water vapor and

active ingredients (e.g., THC or CBD), which is

then inhaled. This method of administration avoids

combustion of the substance and the inhaling of
smoke, which contains carbon monoxide and other

potentially dangerous by-products of combustion'

Preliminary evidence suggest that vaping cannabis

is associated with fewer reports of respiratory

symptoms,36 but there have been no well-controlled
studies that experimentally investigated this issue

using cannabis smokers.

Anxiety Another behavioral problem associated

with cannabis intoxication is the potential for
increased anxiety or panic reaction. Much like
many of the bad trips with hallucinogens, the reac-

tion is usually fear of loss of control and fear that

things will not return to normal. Although many

people do seek emergency medical treatment for
cannabis-induced anxiety and are sometimes given

sedatives or tranquilizers, the best treatment is

probably "talking down," or reminding the person

of who and where they are, that the reaction is tem-

porary, and that everything will be all right. And
the best way to avoid such reactions after ingesting

cannabis, in any form, is to ingest lower doses,

especially if the user has limited experience with
cannabis-based products.

lmmune System Effects There have also been

reports that marijuana smoking impairs some mea-

sures of the functioning of the immune system.37

Animal studies have found that THC injections can

reduce immunity to infection, but at doses well
above those obtainable by smoking marijuana.

Some studies of marijuana smokers have suggested

reduced immunity, but most have not. If the effect

were real, it could result in marijuana smokers'

being more susceptible to infections, cancer, and

other diseases, such as genital herpes. One might

suspect that such problems would eventually be

reflected in the overall death rate of marijuana

users. However, a report examining l0 years of
mortality data for more than 65,000 people found

no relationship between marijuana use and overall

death rates.38

Mar'rjuana Madness The 1936 cult classic film
Reefer Madness depicted how smoking marijuana

could turn nice middle-class youth into psychotic

killers. Today, this cautionary tale is mocked and

spoofed for its outrageous assertions. At the same

time, however, some researchers are collecting data

that they claim show that marijuana indeed causes

psychosis. Were the statements made in the 1930s

about the dangers of marijuana accurate? The con-

nection between marijuana use and psychosis was

one of the main arguments for outlawing the drug.

It seems that the marijuana-psychosis link is similar
to other emotionally arousing drug issues in the

past-they return in slightly different forms period-

ically. Given this situation, we feel that it might be

useful to discuss this topic in some detail.

In our attempt to understand the relationship

between marijuana use and psychosis, we must first
know something about how studies investigating

this issue are conducted. Typically, a few thousand

adults are separated into groups based on their
reported use of marijuana: marijuana users in one

group and nonusers in the other. Then, researchers

see if the groups differ on the outcome measure of
interest-psychosis. An important question that

you should ask is: How do they define psychosis

in these studies? Remember from Chapter 8 that



psychosis is a mental disorder involving a loss of
contact with reality and is characterized by halluci-
nations, irrational beliefs, and disorganization of
speech and behaviors. We typically think of psy-
chosis in association with schizophrenia, but it can
also be present in other disorders. For a person to
be given a diagnosis ofpsychosis, he or she must be
evaluated by a psychiatrist or psychologist. This
can be a rather involved and time-consuming eval-
uation. As such, participants in the overwhelming
majority ofthese studies are not assessed for a psy-
chosis disorder. Instead, they are asked to complete
a questionnaire, containing about 20 items, that
probes psychotic symptoms.

Some studies have found a correlation between
marijuana use and psychotic symptoms. That is,
participants in the marijuana group were more
likely to admit to having experienced at least one
psychotic symptom. This type of finding has fueled
sensational media headlines such as "Even infre-
quent use of marijuana increases risk of psychosis."
Here, we'd like to make two important points that
will better help you evaluate the veracity of these
claims and of research in this area in general. First,
you should know that someone could endorse
psychotic symptoms without meeting criteria for a

disorder. Indeed, in some of these studies, mari-
juana users reported an average of fewer than five
symptoms; the specific symptoms endorsed are
usually not made clear by researchers. This makes
it impossible to determine whether the marijuana
users reported symptoms that were clinically mean-
ingful (e.g., I hear voices that others do not) or
those that were not (e.g., I sometimes feel
uncomfortable in public). In addition, many of the
symptoms contained on these questionnaires can be
experienced only for a brief period and are not
necessarily an indication of a permanent disorder.

Our second point deals with the question of
how we determine causation in science. In general,
the conclusion drawn from these studies is that
marijuana causes psychosis. Is this the case? It
could be that psychosis causes people to smoke
marijuana. It is difficult to determine what came
first, because research participants' psychotic
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symptoms are not usually assessed before the initi_
ation of marijuana use. So, it is possible that psy-
chotic individuals may have exhibited symptoms
prior to using marijuana. Furthermore, because
marijuana users typically use other psychoactive
drugs at higher rates than nonmarijuana users, it is
extremely difficult to disentangle the influence of
other drug use on psychotic symptoms. Finally, we
recently reviewed the scientific literature in this
area and found evidence that bipolar disorder,
anxiety disorder, and mood disorder have all been
correlated with cannabis use; in addition, psychosis
has been correlated with heavy tobacco smoking,
heavy alcohol use, stimulant misuse, and sedative
misuse.3e In other words, the correlation between
cannabis use and psychosis is not specific, either
with regard to the chemicals found in cannabis or to
psychosis as opposed to other disorders. Together,
these issues lead us to conclude that there is no
clear evidence for a causal relationship between
cannabis and psychosis.

Dtiving Ability Drugged driving is a safety concern
of increasing importance in the United States, espe-
cially as more states pass legislation that relaxes

lnhaling marijuana smoke. OGary He RF

vaping: the use of electricity to heat cannabis
products, causing a release of cannabis resin as a

vapor that is inhaled.

7
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restrictions on marijuana use. Even before these

legislative movements, marijuana was one of the

most commonly detected substances in American

drivers. This is not surprising because, as noted in

Chapter 1, it is the most widely used illicit drug in

the United States; in addition, its metabolites can

remain in a person's urine for two to three weeks

after the last use. Other drugs leave the urine within

days. This situation raises at least two relevant

questions: (1) Does marijuana intoxication impair

driving performance; and (2) are there standard

urine or blood levels that indicate marijuana

intoxication?
Data from laboratory studies of computer-

controlled driving simulators indicate that mari-

juana can produce significant impairments.ou Mott
of the laboratory studies have employed relatively

infrequent marijuana users as participants, a group

that would be expected to show marked disrup-

tions. Because tolerance can develop to many of the

cognitive-impairing effects of marijuana, one

would predict that the performance of frequent and

heavy users would be altered less than infrequent

users.

The task of determining standardized urine

and/or blood levels for marijuana intoxication has

proven to be difficult, if not impossible' As you

know, the rate of THC absorption into the blood-

stream is determined by the route of drug adminis-

tration. The onset and intensities of effects differ

depending on whether the drug is smoked or eaten.

Importantly, levels of THC in the blood or urine do

not consistently predict levels of intoxication. The

route of administration and the user's level of toler-

ance undoubtedly complicates this situation. The

bottom line is that field sobriety tests based on

performance remain the best way for determining

marijuana intoxication.

Marijuana and American SocietY

Twenty-five years ago, there were no state laws

allowing the medical use of marijuana, and presiden-

tial candidate Bill Clinton was being hounded about

allegations centering on whether he had ever smoked

marijuana. Today, 28 states and Washington, D.C.,

have legalized medical marijuana, and this number

continues to grow with each successive election. The

two immediate subsequent U.S. presidents-George

W. Bush and Barack Obama-both admitted to pre-

viously smoking marijuana as adults, and Obama

also acknowledged his previous cocaine use; unlike

their predecessor, Bush's and Obama's admitted

drug use never threatened their bids for the White

Medication Treatments for Cannabis Use Disorder

Most users of cannabis consume the drug infre-

quently without apparent negative consequences. A

small proportion, however, experience problems

related to frequent cannabis use. An estimated t in tt

cannabis users will become dependent.at Many indi-

viduals seeking treatment for cannabis use disorder

reported experiencing withdrawal symptoms and that

these symptoms made it more difficult to maintain

abstinence. As a result, efforts to develop treatments

have focused primarily on relieving withdrawal

symptoms. Cannabis withdrawal is characterized by

symptoms of irritability, anxiety, sleep disruptions, and

aches.st A growing number of medications have been

tested for efficacy in relieving these symptoms, but

only one has been demonstrated to be effective-oral

delta'g-THC (dronabinol). Dronabinol has been shown

to reduce symptoms associated with cannabis. Despite

these findings, to date, no medications are approved

for the treatment of cannabis use disorder. As is the

case with the treatment of other substance use disor-

ders, medications should be used in combination with

behavioral therapy for better results.

Box icon credit: Odencg/Shutterstock.com RF

Focus on Treatment



House. Clearly, attitudes about marijuana use have
changed over the past three decades.

A similal shift in attitudes occurred during the
late 1960s and 1970s. The period before rhis, young
people were told that marijuana would make them
insane, enslave them in drug addiction, and lead to
violence and perverted sexual acts. These stories,
however, did not square with their own observa-
tions or experiences. Marijuana, more than any-
thing else, convinced many young people that the
government and so-called drug experts had been
lying about drugs, and this led to broad rejections
of government information on a range of issues,
including drugs. Indeed, data from the annual
Monitoring the Future survey show that the number
of seniors who had ever smoked marijuana peaked
at about 60 percent in the late 1970s.

Marijuana Legalization In 1970, the grassroots
group National Organization for the Reform of
Marijuana Laws (NORML) was started, and its
major mission was to repeal marijuana prohibition
so that adults could legally consume marijuana just
as they could alcohol or tobacco. Throughout the
1 970s, several states changed possession of a small
amount of marijuana from a criminal offense to
only a civil one, known as decriminalization, but
there was never really a serious movement to legal-
ize the drug for recreational purposes. Most
Americans did not support marijuana legalization.
In 1978, when marijuana use was at its peak, only
about 30 percent of Americans supported legaliz-
ing the drug.

Figure 15.3 shows that attitudes about mari-
juana legalization have changed dramatically in
recent years. Today, support for legalizing mari-
juana is at its highest, with nearly 60 percent of
Americans indicating that they think "the use of
marijuana should be legal" in20ll . As can be seen
in Table 15.2, this is consistent with the fact that
citizens in eight states have voted to legalize recre-
ational use of marijuana by adults 2l years and
older. In 2012, voters in Colorado and Washington
made these states the first to pass laws allowing
adults to use marijuana recreationally. Nearly a year

Chapter 15 Cannabis 351

Federal and state laws and penalties related to marijuana
possession tend to reflect other social trends, becoming
more severe in periods of social and political
conservatism. ODoug Menuez/Forrester lmages RF

later, Uruguay became the first nation to do the
same. We should point out that despite these devel-
opments, marijuana use remains a schedule I drug
in the United States, meaning individuals caught
possessing or ingesting the substance can still be
subject to federal prosecution. Given concerns
about states' rights, however, federal actions seem
unlikely.

You may be asking what is driving the current
movement to liberalize marijuana laws. Is it an
increase in marijuana use? In 2016, 45 percent of
high-school seniors reported having ever smoked
marijuana, compared to 60 percent of seniors in
1979. So, it seems unlikely that marijuana use is
driving the legalization trend.

states'rights: the rights and powers held by individual

U.S. states rather than by the federal government.
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Response: Legal

Breakdown: Total
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If we can't point to an increase in marijuana use

as the cause for this attitude shift, how can we

explain it? We think that at least four other factors

are at play. First, an increasing amount of scientific
evidence shows that marijuana is not as toxic as was

thought when it was banned in 1931 . Second, begin-
ning in late 2001 , the economy of the United States

plummeted into a crisis from which some experts

warned it might take years to recover. At the same

time, billions of dollars were being spent yearly in
an effort to stop illicit drug use. For example, more

than 700,000 Americans are arrested each year for
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marijuana-related violations, most for minor posses-

sion infractions. In the face of limited funds, many

believe that arresting people for simple possession

of marijuana is not the most prudent use of public
resources. This perspective forms the basis for our
third factor. A growing number of Americans have

suggested that if recreational marijuana use were

legal, states could tax its cultivation, transportation,

and sale in order to generate additional income. It
has been estimated that the legal marijuana industry
in the United States could reach nearly $22 billion in
total annual sales by 2020.42 This would surpass the
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Figure 15.5 Civil Liberties' Should Marijuana Be Made Legal?

SOURCE, Smith, Tom W., Peter Marsden, Michael Hout, and Jibum Kim. General Social Surveys, l97z-zot4 [machine-readable data file]/
Principal lnvestigator, Tom W Smith; Co-Principal lnvestigator, Peter V. Marsden; Co-Principal Investigator, Michael Hout; Sponsored by

National Science Foundation. NORC, ed. Chicago, NORC at the University of Chicago Iproducer and distributorl. Data accessed from the

GSS Data Explorer website at gssdataexplorer.norc.org.



Unintended Consequences

Over the past several decades, our knowledge about
marijuanas effects on human behavior has increased
dramatically. Such knowledge affords us the ability to
maximize beneficial effects while minimizing deleteri-
ous ones. Recently, a new generation of synthetic
cannabinoid agonists has been reported to be used
recreationally, especially by teens and young adults.
The products are marketed as natural herbal incense
or potpourri under various brand names such as
"Spice'or "K2," and have been sold legally in "head
shops," convenience stores, and through the lnternet
to those seeking the "marijuana-like high." The poorly
labeled contents have been found to include a mixture
of psychoactive herbs and aromatic extracts sprayed
with synthetic cannabinoid compounds. The ingredi-
ent that has generated the most interest is JWH-O18,
a synthetic cannabinoid developed by chemist John
W. Huffman (JWH). Anecdotal reports indicate that
when one of these products is inhaled, it produces
psychoactive effects similar to those produced by
marijuana. While the truthfulness of such claims is

difficult to confirm because there are no published
studies investigating this product in humans, the fact
that many young people around the country readily

Table ts.z
Eight States and Washington, D.C.,
Have Passed Laws Legalizing
Recreational Marijuana

States Year Passed

Synthetic Cannabis: The Devil You Know or the One you Don't

Chapter t5 Cannabis 3S3

pay about $40 per g.am to obtain such products
suggest that they do something. There is real concern,
however, that synthetic cannabinoids may cause nega-
tive effects on human health. Relative to delta-9-THC,
the synthetic compounds are more potent and effica-
cious agonists, which could lead to greater toxicity.
Mar'rjuana, the most frequently used cannabis agent,
contains over 60 identified cannabinoids that may
modulate delta-9-THC-related effects, including
negative ones. Anecdotal case reports and increasing
calls to poison control centers suggest potential
adverse effects of synthetic cannabinoid exposure
such as anxiety, rapid heart rate and psychosis, cou-
pled with the abuse potential of the substances,
recently led to DEA control of several synthetic canna-
binoids under the Controlled Substances Act. ln addi-
tion, lawmakers in several states, alarmed by growing
concerns about synthetic cannabinoids, have banned
these products. At present, the long-term effects of
inhaling synthetic cannabinoids on brain functioning
and behavior is unknown. Thus, it seems less than wise
to consume these products when so little is known
about their potential harmful effects.

Box icon credit: @Adom Gouliloge fotostock RF

$12 billion revenues generated by the National
Football League in 2016. You can be certain that
citizens from other states are closely watching these
figures as they consider the legal status of marijuana
locally. A final reason we think attitudes about mar-
ijuana's legal status have changed deals with the
almost weekly media reports of the violence, espe-
cially in Mexico, related to the illicit drug trade.
A popular view suggests that legalizing marijuana
would take the profits out of the illicit drug markets
and, thereby, decrease much of the violence. We still
don't know for certain which, if any, of these factors
are most important for the observed recent attitude
change toward marijuana. What is clear, however, is
that we are in the midst of a paradigm shift, in which
this generation views marijuana as being more
benign than did the generation immediately
preceding it.
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District of Columbia

Maine

Massachusetts

Nevada

Oregon

Washington

2014

2016

2012

2014

2016

2016

2016

2014

2012
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Summary
. Cannabis has a rich history relating both to its

medicinal use and to its recreational uses.

. Marrjuana became famous as the 'Assassin of
Youth" in the 1930s and was outlawed in 1931 .

. Cannabis contains many active chemicals, but
the most active is delta-9-THC.

. THC is absorbed rapidly by smoking but
slowly and incompletely when taken by mouth.

. THC has a long half-life of elimination, and its

metabolites can be found in the body for up to

several weeks after THC enters the body.

. Selective THC receptors exist in brain tissue,

leading to the discovery of a naturally occur-

ring brain cannabinoid, anandamide.

. Marijuana causes an increase in the heart rate

and reddening of the eyes as its main physio-
logical effects.

. Marijuana is useful in the treatment of glau-

coma, the reduction of nausea in patients
undergoing cancer chemotherapy, and the
increase of appetite in AIDS patients. A legal

form of THC is available by prescription.

. Although high addiction rates are not common,

addiction does occur in some individuals.

. Marijuana can impair driving skills, but it is
not clear that smoking marijuana leads to an

increased frequency of accidents.

Review Ouestions
1. What are the major differences between

C. sativct and C. indica?
2. How are hashish and sinsemilla produced?

3. When and where was the earliest recorded

medical use of cannabis?

4. What were the general conclusions of the 1944

LaGuardia Commission?

5. What is meant by "cannabinoid," and about
how many are there in Cannabis? What is the

cannabinoid found in brain tissue?

6. How is the action of THC in the brain terminated
after about 30 minutes, when the half-life of
metabolism is much longer than that?

7. What are the two most consistent physiological
effects of smoking marijuana?

8. What two medical uses have been approved by
the FDA for dronabinol?

9. What evidence suggests that attitudes about
the regulation of marijuana have changed?
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