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Synthetic cannabinoids: characteristics,
use and clinical implications

Emilio Sanchez Hervas

Summary

Synthetic cannabinoids are chemicals that bind to cannabinoid receptors and produce effects similar to those of
tetrahydrocannabinol. Although initially designed as possible pharmacological tools, they are currently among
the most important of the so-called new drugs. Some of these cannabinoids are extremely potent and have
serious effects on the health of users, who are primarily young people. Their use can affect behavior unpre-
dictably (many users do not really know what they are consuming), and produce more adverse consequences
than marijuana. This article reviews the most important characteristics of these substances, the consequenc-
es of their consumption and the clinical implications that derive from it.

drug abuse / marijuana / cannabis / synthetic cannabinoids

INTRODUCTION

Marijuana is the most commonly used illegal
drug in the world. The plant contains a mind-al-
tering chemical called delta-9-tetrahydrocannab-
inol (THC). Besides THC, more than 100 cannab-
inoids are found in the marijuana plant. Some
of them (THC and cannabidiol (CBD)) have led
to the creation of drugs that may treat various
symptoms and diseases, and are even consid-
ered in the treatment of addictions [1-3]. Oth-
er types of cannabinoids, called endocannani-
noids, are produced by animal and human bod-
ies. In addition, scientists as well as manufac-
turers of illegal drugs have produced several
lab-derived cannabinoids (synthetic cannabi-
noids). Some of these cannabinoids are extreme-
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ly potent and have caused serious health conse-
quences for people who have abused them [4].
The classification of cannabinoids is based on
the chemical structures of the molecules [5-7].
Recently, Shevyrin and colleagues [8] have pro-
posed a classification system divided into the
following classes: phytocannabinoids, endocan-
nabinoids and synthetic cannabinoids. Synthet-
ic cannabinoids (SCs) were initially designed as
pharmacological tools to study the endogenous
cannabinoid system in the search for THC-like
compounds that may have therapeutic poten-
tial without causing addiction, although they
have never passed the clinical trials necessary to
prove that they are safe for human consumption.
SCs are included within a group of substanc-
es called novel psychoactive substances (NPS),
which have appeared in recent years for rec-
reational use. These are hundreds of powerful
and harmful psychoactive compounds that are
openly sold on the internet or in small shops,
taking advantage of a legal vacuum. They are
called “new drugs” and they represent an im-
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portant current and potential public health prob-
lem [9]. There is some concern about the acute
and chronic psychopathological manifestations
associated with SCs’ ingestion. We searched the
most recent literature using the following key-
words: drug abuse, marijuana, cannabis, syn-
thetic cannabinoids.

SYNTHETIC CANNABINOIDS

SCs are a group of substances that simulate the
effects of THC by binding to the cannabinoid
receptors of the organism in the same way THC
does. These substances have been used to create
a wide variety of products called “legal halluci-
nogens” which are sold as legal cannabis substi-
tutes. They constitute the largest group of NPS
that are subject to surveillance by different inter-
national organizations [10].

These compounds are not obtained from the
marijuana plant, they are not synthetic marijua-
na, nor do they contain cannabis, but when they
are smoked they cause similar effects. Most SCs
used in legal hallucinogenic products are man-
ufactured by chemical companies based in Chi-
na and are shipped to Europe in bulk powder.
Once in Europe they are combined with herbs

that are used as a vegetable base for smoking
blends — they are mixed or sprayed on the plant
material, usually on an industrial scale and us-
ing liquid solvents such as acetone or metha-
nol. The resulting mixture is dried and packed.
It is then sold on the Internet and in specialist
shops [7,10].

In 2008, forensic researchers from Germany
and Austria detected for the first time a synthet-
ic cannabinoid known as JWH-018, in a prod-
uct that was being sold under the brand name
of “Spice”. Subsequently, several cannabinoids
were detected in herbal blends for smoking or in
the so-called “environmental incense”. These are
colorful packages that normally contain between
0.5 and 3 grams of chopped vegetable matter, to
which one or more synthetic cannabinoids have
been added. Brands like K2, Spice or Smoke are
some typical examples. Some of these products
share similarities with cannabis in terms of color
and texture, and are also used in a similar way,
by being mixed with tobacco in a cigarette or
smoked in a pipe. In some countries they be-
came very popular thanks to advertising, which
described them as “legal and non-dangerous al-
ternatives” to cannabis. Since then, hundreds of
new herbal products have been marketed under
different trade names [7,11] (Table 1).

Table 1. Cannabinoids: classification, street names and adverse effects of SCs [5-8,10]

Classic classification system New classification system

Street names of SCs Adverse effects of SCs

Classical cannabinoids Phytocannabinoids
Nonclassical cannabinoids Endocannabinoids
Hybrid cannabinoids Synthetic cannabinoids

Aminoalkylindoles

K2, Spice (Gold, Silver,
Diamond), Smoke, Black
Mamba, Bombay Blue,
Fake Weed, Genie, Joker,
Kronic, Yucatan Fire, Chill

Tachycardia, agitation,
nausea, anxiety, drowsiness,
hallucinations, delusions,
confusion, psychosis,
dizziness, cardiovascular,

Eicosanoids X, Algerian Blend, and | cerebrovascular, neurological
Others others and renal problems
LEGAL STATUS been seized. However, producers replace new-

The number of synthetic cannabinoids, their
chemical diversity and the rate at which new
ones are produced make their detection and con-
trol particularly challenging. When a synthetic
cannabinoid is legally controlled, manufacturers
have one or more replacement substances pre-
pared for sale. Currently many synthetic cannab-
inoids have been banned at international level
and over the recent years large amounts have
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ly criminalized synthetic cannabinoids with new
and uncontrolled ones, which allows circumven-
tion of control measures [12]. By 2015, at least 134
synthetic cannabinoid compounds had been dis-
covered throughout Europe [11]. SCs dominate
the global NPS market, particularly in the USA
where the largest quantities are seized, but Eu-
rope also recorded an increase in these substanc-
es being seized, in most cases AM-2201 [13]. Con-
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sumers of these products generally do not know
what chemical components they contain [10].

CHARACTERISTICS OF SCS

SCs are substances whose structural charac-
teristics allow them to be bound to one of the
known cannabinoid receptors present in human
cells, CB1 or CB2. The CB1 receptor is primari-
ly found in the brain and spinal cord, and is re-
sponsible for the psychotropic effects of canna-
bis, while the CB2 receptor is primarily locat-
ed in the spleen and in the cells of the immune
system.

SCs can comprise a large variety of structur-
ally different compounds [12]. Given their syn-
aptic plasticity, the cannabinoid receptor can
recognize multiple classes of these compounds
[14]. The potentially more dangerous effects of
SCs compared with natural cannabis are proba-
bly due to a higher affinity of SCs with the CB1
receptor [15]. SC compounds lack CBD and are
similar to high-potency natural cananbis (high
THC and low CBD levels). THC is a partial ag-
onist at cannabinoids, while SCs are full ago-
nists with a higher affinity and potency ranging
from 40 — to 660-fold higher than cannabis [16].
Since the chemical composition of many SCs is
unknown and/or is changing from one batch to
another, it is possible that these products con-
tain substances that cause different effects than
the consumer expects. Although relatively little
is known about the pharmacology and toxicolo-
gy of various synthetic cannabinoids, several of
these substances may have an addictive poten-
tial, higher than that of cannabis, could present
a greater acute and long-term toxicity [13] and
lead to serious adverse effects [12]. The desired
and adverse effects are considered to be more in-
tense than those obtained by smoking cannabis,
which is explained in part by the full agonist ac-
tivity of synthetic cannabinoids and a greater af-
finity with cannabinoid receptors [17].

It is possible that besides being extremely po-
tent, some of these substances also have a long
half-life, which could lead to a prolonged psy-
choactive effect. It appears that at least some of
them affect other physiological functions of the
body, in addition to their effects on cannabinoid
receptors [10].

USE AND EFFECTS OF SCS

Since the mid-2000s (from 2005 in Europe and
from 2009 in the United States), “legal hallucino-
genic” products containing SCs have been sold
in the form of herbal smoking blends. So far,
more than 300 SC compounds have been syn-
thesized, and as new compounds appear rap-
idly it is difficult to study their effects on physi-
cal and mental health [18], as well as long-term
consequences [19].

There may be considerable variability with-
in the same batch of products and between dif-
ferent batches, both in terms of quantity and
the substances they contain. Synthetic addi-
tives can vary considerably in quantity and also
the types of SCs used. Some of these substanc-
es are of high purity, while others are contami-
nated with synthetic by-products [13]. The risks
may be even greater. Due to the manufactur-
ing process, there may be an unequal distribu-
tion of the substances within the herbal blend.
As a consequence, some products may contain
parts in which cannabinoids are highly concen-
trated [10], which means that in many cases the
effects may be unpredictable [20].

There are notable differences in the prevalence
of SCs’ use between the European and US drug
markets. The most recent prevalence data in the
European Union indicate a decline in use over
the past couple of years among 17 — and 18-year-
olds (e.g. in England from 5.8% in 2014 to 0.1%
in 2016) [10]. Unfortunately, it is difficult to pro-
vide an accurate estimate of the incidence owing
to a lack of rapid laboratory confirmation and
the variety of SC compouds [19].

RECREATIONAL EFFECTS

SCs produce effects similar to natural cannabis:
relaxation, euphoria, disinhibition, disorienta-
tion and altered perception. The effects emerge
about 5 minutes after inhalation and usually dis-
appear after 2-6 hours [20]. SCs require a shorter
time to reach their peak effect and have a short-
er duration of action [21,22]. Users are looking
for a stronger and/or different effect than that
produced by natural cannabis. SCs are not con-
sumed in isolation, but are often combined with
other substances, usually alcohol, cannabis and
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tobacco [23]. On the other hand, due to rapid de-
velopment of the effects, users may have diffi-
culties interpreting or integrating their experi-
ences [20].

ADVERSE EFFECTS

Toxic effects depend on the type, mixture and
amount of product used [24]. Since SCs’ pro-
ducers often change formulas to avoid detec-
tion, users’ experience may vary over time [25].
The most common adverse effects include: tach-
ycardia, agitation, nausea, anxiety, irritability,
drowsiness, hallucinations, delusions, hyper-
tension, confusion, dizziness, vertigo and chest
pain, besides cardiovascular, cerebrovascular,
neurological and renal problems [24], some of
which may have a lethal outcome [26,27]. Acute
SC poisoning can lead to hospitalization. Recent
studies have shown a decline in the executive
function in SCs’ users compared with recreation-
al users of cannabis and non-users [28]; they also
present more symptoms of confusion, disorien-
tation and incoherent speech than consumers of
natural cannabis [29].

PSYCHOSIS

The relationship between cannabis use and psy-
chosis is well known, with double the occurrence
rates of the non-using population [30]. THC is
believed to be the active component responsi-
ble for this association, while other components
of the plant, such as cannabidiol, exhibit anxio-
lytic and antipsychotic properties. The higher af-
finity and potency of SCs compared with canna-
bis suggest that SCs may have a greater associ-
ation with psychosis and other psychiatric com-
plications [31-33].

SCs’ users are more frequently diagnosed with
psychotic disorder and require longer hospital-
izations than other types of patients, given that
the symptoms of psychosis, agitation and irri-
tability persist for many days [18,24]. The use
of SCs is associated with psychopathology and
with onset or exacerbation of disorders, particu-
larly psychosis [17]. Several studies have shown
that the risk of psychosis is greater with SCs
than with natural cannabis [16,33]. While the
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possible long-term consequences are not known,
mood and anxiety disorders, as well as exacer-
bation of pre-existing psychotic symptoms, have
been reported in patients with psychiatric dis-
orders [34].

ADDICTIVE POTENTIAL

Tolerance to SCs has been described in the liter-
ature; some users feel unable to reduce or stop
their intake, and they use the substances for
longer periods than originally planned [35,36].
According to clinical case reports, withdrawal
symptoms are similar to those seen in users of
natural cannabis, but more serious. Some chron-
ic users experience withdrawal symptoms when
they reducing doses [37], and report anxiety,
headache, limb cramps, chills, anorexia and in-
tense drug cravings [38,39]. In some countries
they currently represent an important group of
patients who demand hospitalization for detox-
ification [40]. The data on presentations to emer-
gency treatment services indicate that SCs are
significantly more hazardous and pose a greater
risk to health than natural cannabis [22].

TREATMENT

Since SCs are rarely identified and physical
symptoms of use may be non-specific, stand-
ards of care and treatment for patients who have
consumed SCs have not yet been established by
health agencies [15]. There is no specific antidote
for SCs and pharmacological actions on intoxi-
cated patients are not well described, although
the use of benzodiazepines and antipsychotics
has been reported in a detoxification service [40].
In addition, SCs are often taken along with other
recreational drugs or alcohol, which makes it dif-
ficult to atribute the observed effects to a specific
product. The approach usually consists of symp-
tom management, including patient monitoring,
hydration with fluids and observation until clin-
ical improvement occurs. Counseling for partici-
pation in social or supportive therapies is advisa-
ble. The management of these patients is based on
the extrapolation of experience with cannabis [1].

Since the pharmacology of these substances
is complex or unknown, benzodiazepines may
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possibly be a choice, although they may require
frequent dosage adjustment and high doses to
achieve a proper sedative effect, and this can be
a problem when people have also ingested al-
cohol; when patients cannot be controlled with
only benzodiazepines, antipsychotics may be
considered [9,40,41]. Hospital admission to in-
tensive care units will sometimes be necessary
[40-42].

CLINICAL IMPLICATIONS

In general, most users prefer natural marijua-
na over SCs since it tends to be associated with
fewer adverse effects [15,22,37], so the majority
of SC use is experimental [43].

SCs users report very different reasons for
their use than marijuana users. The most com-
mon reason for marijuana use is self-medication
for a wide variety of health issues such as pain
or irritable bowel syndrome, and various psy-
chiatric conditions (depression, anxiety and in-
somnia) [44]. The reasons for SCs’ use are nor-
mally their better availability, avoiding pos-
itive screening on a drug test and their lower
cost [20,45]. However, the frequency of marijua-
na use appears to increase the likelihood of SCs’
use [43].

Epidemiological data suggest that most users
are young adults who perceive SCs to be saf-
er than non-cannabinoid illicit drugs, to be eas-
ily accessible and an alternative to cannabis as
they avoid detection by conventional drug tests
[37]. Most SCs” users are young men, many
with a history of polysubstance use [24], hous-
ing problems or a history of arrests [46]. Recent
studies indicate that students using SCs tend to
engage in more risky behaviors than students
who use marijuana alone [47].

In addition, it has been pointed out that SCs’
consumption among homeless and mentally ill
people is a growing public health problem, par-
ticularly in urban and ethnic minority commu-
nities [48]. In a recent study conducted in a psy-
chiatric emergency department of a large urban
public hospital in the USA, it was noted that
the use of SCs affects individuals with socio-de-
mographic disadvantages and mental illnesses,
and might exacerbate already existing psychiat-
ric problems [49].

DISCUSSION

It is possible that easy availability and the false
belief that SCs are natural and harmless sub-
stances have contributed to their growing pop-
ularity among young people in recent years.
However, SCs can affect behavior in unpredict-
able ways (many users do not really know what
they are consuming) and produce more adverse
consequences than cannabis. In general, there is
little information about the consumption of SCs
in the population, the data on their effects are
limited and much is still unknown about their
effects and associated risks. SCs pose a risk to
the conventional treatment of other drugs be-
cause they are not easily detected by common
urinalysis techniques. They are not routinely
detected because current drug tests are specif-
ic to THC, which is not an active chemical com-
pound in SCs [50,51], so patients may be con-
suming SCs without clinicians” knowledge.

Some authors have pointed out that given the
growing public acceptance of recreational and
medical marijuana, along with negative percep-
tions and increasing regulation of SCs, botanical
marijuana is likely to remain the more popular
drug [52]. However, the probability of abuse and
addiction posed by SCs is a great concern for the
scientific community [51].

Since there are currently no effective behav-
ioral or pharmacological therapies for the treat-
ment of addiction to these products [53], the ap-
proach mainly involves symptom management
and support [24]. Risk reduction has also been
proposed for those users who do not quit [20].
Previous studies indicate that SCs’ users do not
differ from non-users in treatment outcomes
[17], so one option would be to use the most ef-
fective treatments for cannabis dependence: mo-
tivational therapy combined with cognitive-be-
havioral therapy plus incentives [54].

The most frequent symptoms of SCs are tach-
ycardia, agitation and nausea. Severe adverse
events (stroke, seizure, myocardial infarction,
rhabdomyolysis, psychosis and hypereme-
sis) and associated deaths occur less frequent-
ly. Precise estimates of their incidence are dif-
ficult to calculate due to the lack of rapid labo-
ratory confirmation, the variety of compounds
involved and the unknown number of exposed
individuals [19].
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Given the evidence of the damage caused by
SCs and the risk of adverse complications, more
epidemiological and clinical studies are needed
to investigate the risk factors associated with the
abuse of these substances in order to integrate
such information into the prevention and treat-
ment programs. In addition, clinicians should be
aware of the effects of the use of these substanc-
es and their possible complications in order to
offer a more appropriate approach to treatment.
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