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Synthetic Cannabinoids

Brooke Mills, BS, Andres Yepes, MD and Kenneth Nugent, MD

Abstract: Synthetic cannabinoids (SCBs), also known under the brand
names of “Spice,” “K2,” “herbal incense,” “Cloud 9,” “Mojo” and many
others, are becoming a large public health concern due not only to their
increasing use but also to their unpredictable toxicity and abuse potential.
There are many types of SCBs, each having a unique binding affinity for
cannabinoid receptors. Although both A°-tetrahydrocannabinol (THC) and
SCBs stimulate the same receptors, cannabinoid receptor 1 (CB;) and
cannabinoid receptor 2 (CB,), studies have shown that SCBs are associ-
ated with higher rates of toxicity and hospital admissions than is natural
cannabis. This is likely due to SCBs being direct agonists of the canna-
binoid receptors, whereas THC is a partial agonist. Furthermore, the
different chemical structures of SCBs found in Spice or K2 may inter-
act in unpredictable ways to elicit previously unknown, and the com-
mercial products may have unknown contaminants. The largest group
of users is men in their 20s who participate in polydrug use. The most
common reported toxicities with SCB use based on studies using Texas
Poison Control records are tachycardia, agitation and irritability,
drowsiness, hallucinations, delusions, hypertension, nausea, confusion,
dizziness, vertigo and chest pain. Acute kidney injury has also been
strongly associated with SCB use. Treatment mostly involves symptom
management and supportive care. More research is needed to identify
which contaminants are typically found in synthetic marijuana and to
understand the interactions between different SBCs to better predict
adverse health outcomes.
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Toxicity; Acute kidney injury. [Am J Med Sci 2015;350(1):59-62.]

ynthetic cannabinoids (SCBs) were initially synthesized in
the early 1960s following the discovery of the structure of
A-tetrahydrocannabinol (THC). These compounds were used
to investigate possible therapeutic effects and to study canna-
binoid receptor pharmacology. However, in the early 2000s,
SCB variations started to be produced commercially and
abused. These drugs are marketed under brand names, such
as “Spice,” “K2,” “herbal incense,” “Cloud 9,” “Mojo” and
many others. In addition to its psychoactive effects, synthetic
marijuana is popular because it is cheap and undetectable on
routine drug screens and was thought to be “natural” and legal,
until recently.'
SCBs are sold over the Internet and in head shops. They
come in ready-to-use drug formulations that contain around 3 g
of psychoactive plant material, such as “wild dagga” (Leonotis
leonurus) and “Indian warrior” (Pedicularis densiflora), which
is laced with SCBs (Figure 1). The presence of these herbal or
natural plants gives some of its users the misconception that the
drugs are “natural.”** K2 or Spice is made by Ist dissolving the
SCB in a solvent, such as acetone or ethanol. The plants are
then saturated and dried, allowing the solvent to evaporate;
SCBs remain on the plant material (Figure 2). The amount of
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SCBs left on the plants is highly variable, and this leads to
variable potencies of different K2 and Spice formulations.>

CHEMICAL PHYSIOLOGY AND DETECTION

Similar to natural cannabinoids (THC), SCBs can be
smoked, insufflated or ingested and have the psychoactive
effects.” Both SCBs and THC bind cannabinoid receptor type 1
(CBy) and cannabinoid receptor type 2 (CB;) and stimulate CB;
more than CB,. These receptors are found mainly in the central
nervous system but are also found in various peripheral tissues,
the lungs, liver and kidneys. Within the brain, CB; receptors are
located in the cerebral cortex, hippocampus, basal ganglia and
cerebellum.® CB; receptors are G-coupled, and stimulation de-
creases cyclic adenosine monophosphate levels.” These receptors
are associated with the psychotropic effects of cannabinoids. CB,
receptors are located in immune and hematopoietic cells; stimu-
lation of this receptor has immunomodulatory effects.® The rela-
tionship between the 2 receptors is not well understood. SCBs are
full CB; receptor agonists, whereas THC is a partial CB; receptor
agonist. Therefore, SCBs bind to the cannabinoid receptors with
a higher affinity than THC.” When tested on laboratory animals,
CB; receptor stimulation elicits what is known as the cannabi-
noid tetrad of hypothermia, analgesia, catalepsy and locomotor
suppression.'® Cannabinoids also bind nonspecifically to cellular
membranes and act on opioid and benzodiazepine receptors,
prostaglandin synthetic pathways and protein metabolism. These
interactions have the potential for complex effects and likely
contribute to toxicity.'" The metabolism of these compounds
involves oxidation by cytochrome P450 then conjugation by
UDP-glucuronosyltransferase (UGT).!®!* The metabolites of
JWH-018, JWH-073 and AM2201, 3 different SCB structures,
retain a high affinity for CB, receptors, whereas metabolites of
THC have reduced affinity for CB, receptors.'’ Patton et al'
have demonstrated that metabolism of SCBs depends on the drug
and the individual user. These differences could help explain
differences in clinical toxicity and may reflect the induction or
inhibition of cytochrome P450 and UGTs.

SCBs are more potent, unpredictable and toxic than THC
and pose a significant public health concern. The lack of quality
control leads to batch-to-batch differences in SCB concentra-
tions in different K2 or Spice products.’ Furthermore, K2 or
Spice products usually contain more than 1 structure or form of
SCBs that can interact in unpredictable ways.'* Brents et al
demonstrated that coadministration of JWH-018 and JWH-
073, 2 different SCB structures, in mice can produce additive,
synergistic or antagonistic interactions depending on study
design. The authors cautioned against the use of both SCBs
together. Similar synergistic effects occurring among the mul-
tiple SCBs present in K2 products may increase their relative
potency and contribute to negative side effects commonly asso-
ciated with these drugs.'> There are many types of SCBs, and
each has a unique binding affinity for cannabinoid receptors
(Figure 3). More than 20 different SCB structures have been
identified, and new ones continue to be synthesized. These
different structures elicit highly variable responses and have
unknown contaminants. The structures are different from
THC and, therefore, are not detected in routine drug screens. '
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Plant material (Indian warrior) used as a carrier for
synthetic cannabinoids.

FIGURE 1.

SCBs in blood and urine can be identified with gas
chromatography-mass spectrophotometry, liquid chromatography-
tandem mass spectrometry'” and time-of-flight mass spectrometry.
SCBs can be identified by specialized clinical laboratories but at
increased cost and time.

USE PATTERNS

In comparison with traditional marijuana, SCB products
are relatively low priced, are widely available and are extremely
tempting for young people who may want to try marijuana or
other drugs but are afraid of legal or social consequences.’
These factors, combined with the fact that SCBs are often not
detected in standard drug screens, have spurred an epidemic of
K2 use on college and high school campuses. One in 9 high
school seniors admitted using K2 in 2011, making K2 the 2nd
most prevalent illicit drug after marijuana.’

A survey by Barratt, including 316 SCB users in
Australia, showed that most users were men in their late 20s
who were employed or were students. Ninety-six percent of
those surveyed self-identified as natural cannabis users as
well.'® Another online survey included 168 SCB users and
showed that SCB users were primarily single, Caucasian men
with at least a high school education.” Although the use of
SCBs has become more prevalent, studies have shown that
people who have tried both SCBs and natural marijuana prefer

FIGURE 2. Commercial product with synthetic marijuana.
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FIGURE 3. (A) Chemical structure for A°-tetrahydrocannabinol
(THC). (B) Chemical structure for HU-210, a synthetic analog of THC.

natural marijuana. For example, 17% of 14,966 participants in
an online survey reported the use of synthetic marijuana. Re-
spondents (41%) who reported recent use in the previous 12
months also reported using natural cannabis on a consistent
basis. Ninety-three percent preferred natural cannabis to SCBs
due to a more pleasurable effect with natural cannabis when
high. They reported more hangover effects and more negative
effects when high with SCBs. However, 7.2% preferred syn-
thetic marijuana due to its convenience, low cost, heightened
psychoactive effects and difficult detection.'

Studies have shown that users of SCBs use other drugs as
well. In the online survey reported by Vandrey, many respondents
endorsed the use of other drugs, including alcohol (92%), cannabis
(84%), tobacco (66%), hallucinogens (37%), opioids (34%),
3,4-methylenedioxymethamphetamine (MDMA, 29%), benzodia-
zepines (23%), amphetamines (22%), cocaine (17%), salvia
divinorum (17%), heroin (7%), inhalants (7%) and methamphet-
amines (3%).” In the study of Winstock, over 95% of the respond-
ents reported use of alcohol and natural cannabis in the past year.
Over 50% reported using either MDMA or tobacco in the past
year, and 33% reported use of mushrooms, cocaine, lysergic acid
diethylamide, benzodiazepines or amphetamines in the past year."’

ABUSE POTENTIAL AND TOXICITY

Synthetic marijuana is becoming a large public health
concern due not only to its increasing use but also to its
unpredictable toxicity and abuse potential. In a study conducted
by Forrester comparing SCB and marijuana exposures reported
to Texas Poison Control, the number of reported cases of
synthetic marijuana toxicity was more than 4 times that of
natural marijuana. Of the 418 cases of SCB toxicities reported,
the following clinical effects were noted: tachycardia (36.6%),
agitation and irritability (19.1%), drowsiness (17.5%), halluci-
nations or delusions (11.2%), hypertension (9.6%), nausea
(9.3%), confusion (8.9%), dizziness and vertigo (8.9%) and
chest pain (6.9%).” A second study by Forrester in 2012, based
on 749 SCB exposures reported to Texas Poison Control Centers
from January 2010 to June 2011, compared toxicities seen in the
adolescent and adult users. The 10 most common adverse effects
in adults and adolescents were, respectively, tachycardia (38%
and 41.6%), drowsiness/lethargy (14.6% and 24.3%), agitation/
irritability (24.9% and 16.4%), vomiting (16.0% and 13.1%),
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hallucinations/delusions (11.3% and 11.5%), nausea (10.1% and
8.5%), confusion (11.3% and 8.2%), hypertension (11.3% and
7.5%), chest pain (5.6% and 6.9%) and dizziness/vertigo (8.2%
and 5.2%).?' These 2 databases did not have any information
confirming the use of SCBs using drug assays. Consequently,
the information on use depended on reports from involved par-
ties. Gurney et al*? have published an extensive review of the
pharmacology, toxicology and adverse effects associated with
SCBs. This study includes summary tables of case series and
case reports with either no toxicological data or with confirmed
assays using both qualitative and quantitative tests.

SCB use has been associated with various other neuro-
logical and psychiatric toxicities. Case reports have identified
seizure-like activity,” catatonia®® and self-mutilation behav-
iors® from SCB use. The cases with seizure-like activity and
catatonia had confirmed SCB use with toxicological assays.
There is speculation based on these case reports that, similar
to THC, synthetic marijuana can trigger acute psychosis in
genetically predisposed individuals.?® Furthermore, the use of
SCBs in patients with preexisting psychotic disorders can
worsen current psychotic symptoms or facilitate the appearance
of new psychotic symptoms.?’*® Glue et al studied 21 admis-
sions to psychiatry wards by 17 different patients who reported
using synthetic marijuana. Four of the patients had no previous
psychiatry ward admissions. Ten patients had recurrences of
previous psychotic symptoms, and 4 had new psychotic symp-
toms.”® Patton et al** reported a fatal case of self-induced
trauma with metabolites of AM2201 in postmortem blood. Sai-
to also reported a fatal case with MAM-2201 poisoning with
SCB in the blood (12 ng/g), liver (8.1 ng/g), kidney (12.4 ng/g),
brain (4.3 ng/g) and adipose tissue (1,535 ng/g).*° Based on the
autopsy, the cause of death was not clear based on the autopsy.

Cardiovascular, renal and gastrointestinal (GI) toxicities
have also been associated with the use of SCBs. Case reports
have attributed acute cerebral ischemia,®’ myocardial infarc-
tions®>** and hyperemesis** to SCB use. There is substantial
evidence linking SCBs to acute kidney injury and acute tubular
necrosis.**>® One case series identified 16 patients with histo-
ries of recent synthetic marijuana use and studied their renal
function.’” Eight patients had proteinuria, 5 had casts and 8 had
red blood cells in their urine. Twelve had renal ultrasounds, and
9 showed increased cortical echogenicity. Eight patients had
renal biopsies which demonstrated acute tubular injury (6 pa-
tients) and acute interstitial nephritis (3 patients). Six patients
had analysis of clinical specimens (blood and/or urine), and 4
had a fluorinated SCB (XLR-11) detected.

The most common pulmonary injuries associated with
cannabinoids have not been from SCB use but rather from its
production. Inhalation or blast injuries have been reported
during the production of “wax,” a high potency marijuana made
by butane extraction of plants to remove the cannabinoids.
When the butane evaporates, the cannabinoids are concentrated
leaving a “waxy” material that can have up to an 85% THC
concentration. There have been multiple reports of butane ex-
ploding while being evaporated, resulting in inhalation injuries,
pneumothorax and pneumomediastinum.>®

Treatment for acute intoxication of SCBs includes obser-
vation and supportive care. There is no antidote. The most
common intervention is intravenous fluids for volume expansion.
Sedation with benzodiazepines can reduce psychomotor agitation
and seizures. GI decontamination with forced emesis or gastric
lavage can be used if a large amount of the substance is ingested.
If necessary, antipsychotics, such as haloperidol, can be used for
acute psychosis, and antiemetics can be used for nausea.**™
Patients may require hospital admission for observation and
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rarely require intubation and mechanical ventilation.*' Patients
who present with hypertension and tachycardia might benefit
from a mixed alpha-1 adrenergic receptor blocker and nonselec-
tive beta blocker, such as labetalol. In cases of acute kidney
injury, volume expansion with 0.9% sodium chloride or isotonic
sodium bicarbonate is usually the Ist step in care.

Several studies have shown that withdrawal symptoms
can occur after discontinuation of both SCBs and THC,
contributing to the abuse potential of drugs.*** Zimmermann
et al identified a case of withdrawal phenomena and depen-
dence syndrome according to the DSM-IV criteria after the
discontinuation of large amounts of daily Spice Gold con-
sumption. This syndrome is marked by drug craving, elevated
blood pressure, nausea, tremor, diaphoresis and nightmares
after the discontinuation of the drug.*> Hirvonen et al found
region-specific downregulation of CB| receptors with chronic
THC use that likely contributes to dependence of the drug.
This downregulation reversed 4 weeks after drug discontin-
uation.** Because SCBs stimulate the same receptors as THC,
it can be hypothesized that chronic SCB use could result in
a similar downregulation of CB; receptors; however, there
have been no studies reported to support this hypothesis.

CONCLUSIONS

The use of SCBs has significantly increased throughout
the world. These drugs are full agonists of CB; receptors, and
their metabolic derivatives often have receptor activity. Multi-
ple chemical compounds with this activity have been synthe-
sized, and they are not usually detected in routine assays for
cannabinoids. They can have multiple adverse effects, including
central nervous system effects, cardiovascular, GI effects, and
acute renal failure. Death has been reported with their use.
Physicians should suspect possible toxicity with SCBs in pa-
tients presenting to emergency departments and hospitals with
unexplained symptoms even if drug screens are negative. More
research is needed to identify contaminants in synthetic mari-
juana, to understand metabolic pathways and to develop rapid
screening assays. The public needs more information about the
hazards associated with these drugs.

KEY POINTS

1. SCBs are popular new drugs of abuse that have many
different names, structures and clinical effects.

2. SCBs are more toxic and unpredictable than natural
cannabinoids.

3. SCBs are often used with other illicit drugs. Patients who
test positive for other drugs of abuse should be asked
about recent use of SCBs. However, these drugs are not
usually detected with routine assays for cannabinoids.

4. Emergency room physicians or intensivists should closely
monitor renal function tests if SCBs toxicity is suspected.

REFERENCES

1. Bonar EE, Ashrafioun L, Ilgen MA. Synthetic cannabinoid use
among patients in residential substance use disorder treatment: preva-
lence, motives, and correlates. Drug Alcohol Depend 2014;143:268-71.

2. Gunderson EW, Haughey HM, Ait-Daoud N, et al. “Spice” and “K2”
herbal highs: a case series and systematic review of the clinical effects

and biopsychosocial implications of synthetic cannabinoid use in
humans. Am J Addict 2012;21:320-6.

3. Jarbe TU, Gifford RS. “Herbal incense”: designer drug blends as
cannabimimetics and their assessment by drug discrimination and other
in vivo bioassays. Life Sci 2014;97:64-71.

61



Mills et al

13.

16.

17.

19.

20.

21.

22.

23.

62

. Zuba D, Byrska B, Maciow M. Comparison of “herbal highs” com-

position. Anal Bioanal Chem 2011;400:119-26.

. Fattore L, Fratta W. Beyond THC: The new Generation of cannabi-

noid designer drugs. Front Behav Neurosci 2011;5:60.

. Vardakou I, Pistos C, Spiliopoulou C. Spice drugs as a new trend: mode

of action, identification and legislation. Toxicol Lett 2010;197:157-62.

. Vandrey R, Dunn KE, Fry JA, et al. A survey study to characterize

use of Spice products (synthetic cannabinoids). Drug Alcohol Depend
2012;120:238-41.

. Pertwee RG. Pharmacology of cannabinoid CB1 and CB2 receptors.

Pharmacol Ther 1997;74:129-80.

. Castaneto MS, Gorelick DA, Desrosiers NA, et al. Synthetic canna-

binoids: epidemiology, pharmacodynamics, and clinical implications.
Drug Alcohol Depend 2014;144:12-41.

. Fantegrossi WE, Moran JH, Radominska-Pandya A, et al. Distinct

pharmacology and metabolism of K2 synthetic cannabinoids compared
to delta(9)-THC: mechanism underlying greater toxicity? Life Sci 2014;
97:45-54.

. Sharma P, Murthy P, Bharath MM. Chemistry, metabolism, and toxi-

cology of cannabis: clinical implications. Iran J Psychiatry 2012;7:149-56.

. Chimalakonda KC, Seely KA, Bratton SM, et al. Cytochrome P450-

mediated oxidative metabolism of abused synthetic cannabinoids found
in K2/Spice: identification of novel cannabinoid receptor ligands. Drug
Metab Dispos 2012;40:2174-84.

Patton AL, Seely KA, Chimalakonda KC, et al. Targeted metabolo-
mic approach for assessing human synthetic cannabinoid exposure and
pharmacology. Anal Chem 2013;85:9390-9.

. Seely KA, Prather PL, James LP, et al. Marijuana-based drugs:

innovative therapeutics or designer drugs of abuse? Mol Interv 2011;
11:36-51.

. Brents LK, Zimmerman SM, Saffell AR, et al. Differential drug-drug

interactions of the synthetic Cannabinoids JWH-018 and JWH-073:
implications for drug abuse liability and pain therapy. J Pharmacol
Exp Ther 2013;346:350-61.

Uchiyama N, Kikura-Hanajiri R, Goda Y. Identification of a novel
cannabimimetic phenylacetylindole, cannabipiperidiethanone, as a designer
drug in a herbal product and its affinity for cannabinoid CB(1) and CB(2)
receptors. Chem Pharm Bull (Tokyo) 2011;59:1203-5.

Rosenbaum CD, Carreiro SP, Babu KM. Here today, gone tomor-
row... and back again? A review of herbal marijuana alternatives
(K2, Spice), synthetic cathinones (bath salts), kratom, Salvia divinorum,
methoxetamine, and piperazines. ] Med Toxicol 2012;8:15-32.

. Barratt MJ, Cakic V, Lenton S. Patterns of synthetic cannabinoid use

in Australia. Drug Alcohol Rev 2013;32:141-6.

Winstock AR, Barratt MJ. Synthetic cannabis: a comparison of pat-
terns of use and effect profile with natural cannabis in a large global
sample. Drug Alcohol Depend 2013;131:106—11.

Forrester MB, Kleinschmidt K, Schwarz E, et al. Synthetic cannabi-
noid and marijuana exposures reported to poison centers. Hum Exp
Toxicol 2012;31:1006—11.

Forrester MB. Adolescent synthetic cannabinoid exposures reported to
Texas poison centers. Pediatr Emerg Care 2012;28:985-9.

Gurney SMR, Scott SK, Kacinko SL, et al. Pharmacology, toxicol-
ogy, and adverse effects of synthetic cannabinoid drugs. Forensic Sci
Rev 2014;26:53.

Schep L, Slaughter R, Hudson S, et al. Delayed seizure-like
activity following analytically confirmed use of previously unre-
ported synthetic cannabinoid analogues. Hum Exp Toxicol 2015;
34:557-60.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Smith DL, Roberts C. Synthetic marijuana use and development of cat-
atonia in a 17-year-old male. Minn Med 2014;97:38.

Meijer KA, Russo RR, Adhvaryu DV. Smoking synthetic marijuana
leads to self-mutilation requiring bilateral amputations. Orthopedics
2014;37:391-4.

Rahmani M, Paul S, Nguyen ML. Treatment of refractory substance-
induced psychosis in adolescent males with a genetic predisposition to
mental illness. Int J Adolesc Med Health 2014;26:297-301.

Celofiga A, Koprivsek J, Klavz J. Use of synthetic cannabinoids in
patients with psychotic disorders: case series. ] Chem Depend Treat
2014;10:163-73.

Glue P, Al-Shagsi S, Hancock D, et al. Hospitalisation associated with
use of the synthetic cannabinoid K2. N Z Med J 2013;126:18-23.

Patton AL, Chimalakonda CK, Moran CL, et al. K2 toxicity: fatal
case of psychiatric complications following AM2201
J Forensic Sci 2013;58:1676-80.

Saito T, Namera A, Miura N, et al. A fatal case of MAM-2201
poisoning. Forensic Toxicol 2013;31:333-7.

exposure.

Takematsu M, Hoffman RS, Nelson LS, et al. A case of acute cerebral
ischemia following inhalation of a synthetic cannabinoid. Clin Toxicol
(Phila) 2014;52:973-5.

McKeever RG, Vearrier D, Jacobs D, et al. K2-Not the spice of Life;
synthetic cannabinoids and ST Elevation myocardial infarction: a case
report. J Med Toxicol 2015;11:129-31.

Ibrahim S, Al-Saffar F, Wannenburg T. A unique case of cardiac
arrest following K2 abuse. Case Rep Cardiol 2014;2014:120607. doi:
10.1155/2014/120607. Epub 2014 May 25.

Ukaigwe A, Karmacharya P, Donato A. A gut gone to pot: a case of
cannabinoid hyperemesis syndrome due to K2, a synthetic cannabinoid.
Case Rep Emerg Med 2014;2014:167098.

Buser GL, Gerona RR, Horowitz BZ, et al. Acute kidney injury
associated with smoking synthetic cannabinoid. Clin Toxicol (Phila)
2014;52:664-73.

Bhanushali GK, Jain G, Fatima H, et al. AKI associated with synthetic
cannabinoids: a case series. Clin J Am Soc Nephrol 2013;8:523-6.

CDC. Acute kidney injury associated with synthetic cannabinoid use—
multiple states, 2012. MMWR Morb Mortal Wkly Rep 2013;62:93-8.
Schneberk T, Sterling GP, Valenzuela R, et al. 390 “A Little Dab Will Do
Ya”: an emergency department case series Related to a new form of “High-
Potency” marijuana known as “Wax”. Ann Emerg Med 2014;64:S139.

Lapoint JD, Nelson LS. Synthetic cannabinoids: the newest, almost
illicit drug of abuse. Emerg Med 2011;43:26-8.

Rech MA, Donahey E, Cappiello Dziedzic JM, et al. New drugs
of abuse. Pharmacotherapy 2015;35:189-97.

Kersten BP, McLaughlin ME. Toxicology and management of novel
psychoactive drugs. J Pharm Pract 2015;28:50-65.

Allsop DJ, Norberg MM, Copeland J, et al. The Cannabis With-

drawal Scale development: patterns and predictors of cannabis with-
drawal and distress. Drug Alcohol Depend 2011;119:123-9.

Hirvonen J, Goodwin RS, Li CT, et al. Reversible and regionally
selective downregulation of brain cannabinoid CB1 receptors in chronic
daily cannabis smokers. Mol Psychiatry 2012;17:642-9.

Vandrey R, Stitzer ML, Mintzer MZ, et al. The dose effects of short-
term dronabinol (oral THC) maintenance in daily cannabis users. Drug
Alcohol Depend 2013;128:64-70.

Zimmermann US, Winkelmann PR, Pilhatsch M, et al. Withdrawal
phenomena and dependence syndrome after the consumption of “spice
gold”. Dtsch Arztebl Int 2009;106:464—7.

Volume 350, Number 1, July 2015





