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A B S T R A C T

Synthetic cannabinoid (SC) products have gained popularity as abused drugs over the past decade in many
countries. The SCs broadly impact psychological state (e.g., mood, suicidal thoughts and psychosis) and phy-
siological functions (e.g., cardiovascular, gastrointestinal and urinary). This review is about the effects of SCs on
psychotic symptoms in clinical settings and the potentially relevant chemistry and mechanisms of action for SCs.
Induction of psychotic symptoms after consuming SC products were reported, including new-onset psychosis and
psychotic relapses. The role of SCs in psychosis is more complex than any single chemical component might
explain, and these effects may not be a simple extension of the typical effects of cannabis or natural cannabi-
noids.

1. Introduction

Synthetic cannabinoid (SC) products are “herbal” mixtures laced
with various SCs and sold around the world under a variety of brand
names such as Spice, K2, and Kush. Available in Europe since around
2004 (Advisory Council on the Misuse of Drugs, 2014), it wasn't until
2008 that the psychoactive SC, JWH-018, was first reported in the
“herbal” blend Spice in the United States (The White House, 2018).
These products are typically smoked or inhaled, producing a cannabis-
like high; however, unlike cannabis, SCs are not detected by common
drug screens (Piggee, 2009). Further, distinguishing it from cannabis
are the numerous reports of adverse events associated with SC use. In
response to increasing adverse event reports, many countries have
imposed bans on SC products in an effort to reduce harm. For example,
the United States Drug Enforcement Administration (DEA) first placed
five common SCs homologues (JWH-018, JWH-073, JWH-200, CP-
47,497, and CP-47,497 C8) into Schedule I controlled substances in
2011. Despite periodic additions to this list, there are over 70 known
SCs that are not specifically listed as Schedule I controlled substances
by the DEA. To bypass regulations, manufacturers have made minor
changes to the chemical compounds to synthesize new products,
making detection and use of these substances difficult to monitor,
prohibit, and prevent. Thus, despite regulatory bans, SCs are the largest,
most diversified and fastest growing of new psychoactive substances on
the market (United Nations Office on Drugs and Crime, 2015), with
North America accounting for the highest amount seized in 2014

(United Nations Office on Drugs and Crime, 2016).
Both SCs and the main psychoactive constituent of cannabis, delta-

9-tetrahydrocannabinol (Δ9-THC) activate cannabinoid-1 receptors
(CB1Rs), underlying their psychotomimetic effects. There has been
speculation that the unpredictable and adverse effects of SCs stem from
their higher affinity for and increased efficacy at CB1Rs, compared to
Δ9-THC. Furthermore, the connection between Δ9-THC and psychosis
has been explored for decades, while the connection between SCs and
psychosis is in its infancy. What evidence is there? First, we discuss the
prevalence of SC use. We then discuss factors associated with their use
such as the chemistry of SCs, their mechanisms of action, and the role
genetics may play in the psychoses produced by SCs. Finally, we focus
on the psychotic effects of SC use.

2. Methods

PubMed and Scopus (all databases) first were searched for articles
up to June 2017 to find articles that included the terms ‘synthetic
cannabinoid’, ‘spice’, ‘K2’, ‘psychosis’, and ‘schizophrenia’ in the title,
abstract, or keywords. The search resulted in 105 articles from PubMed
and 165 articles from Scopus. The reference lists of identified studies
also were cross-checked to be more comprehensive. Subsequently we
excluded reviews, book chapters, irrelevant articles, studies using an-
imal models, and articles published in languages other than English,
which resulted in 42 articles (Tables 1–4). No relevant controlled
clinical studies are included in this review, since to our knowledge, no
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