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Abstract

Synthetic cannabinoids (SCs) are chemically classified as psychoactive substances that target the endocannabinoid
system in many body organs. SCs can initiate pathophysiological changes in many tissues which can be severe
enough to damage the normal functionality of our body systems. The majority of SCs-related side effects are medi-
ated by activating Cannabinoid Receptor 1 (CB1R) and Cannabinoid Receptor 2 (CB2R). The activation of these
receptors can enkindle many downstream signalling pathways, including oxidative stress, inflammation, and apop-
tosis that ultimately can produce deleterious changes in many organs. Besides activating the cannabinoid receptors,
SCs can act on non-cannabinoid targets, such as the orphan G protein receptors GPR55 and GPR18, the Peroxisome
Proliferator-activated Receptors (PPARs), and the Transient receptor potential vanilloid 1 (TRPV1), which are broadly
expressed in the brain and the heart and their activation mediates many pharmacological effects of SCs. In this
review, we shed light on the multisystem complications found in SCs abusers, particularly discussing their neurologic,
cardiovascular, renal, and hepatic effects, as well as highlighting the mechanisms that intermediate SCs-related phar-
macological and toxicological consequences to provide comprehensive understanding of their short and long-term
systemic effects.
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Introduction
The recreational use of synthetic cannabinoids (SCs)
has markedly increased in recent years. Numerous
reports have linked SCs consumption to the incidence
of various adverse health effects, turning their wide-
spread use into major public health concern. These com-
pounds are chemically designed to mimic the effects of
A9-tetrahydrocannabinol (THC), the main psychoactive
ingredient of marijuana [1, 2]. However, most SCs exhibit
much higher binding affinities to the cannabinoid recep-
tors 1 and 2 (CBIR and CB2R) when compared to THC
[3, 4]. In addition, beyond binding the CB1R and CB2R,
it has been demonstrated that SCs also interact with non-
cannabinoid targets [5, 6] which may result in distinct
pharmacologic effects as well as diverse toxicity profile.
SCs are found in illicit drug market in products avail-
able with several brand names, such as Spice, K2, Black
Mamba, fake weed, and joker. The composition of these
products usually has unpredictable nature, but they are
commonly mixtures of several potent synthetic CBIR
agonists, such as AB-CHMINACA, AB-FUBINACA,

AB-PINACA, AMP-FUBINACA, 5-FLOUROMDMB
PICA, 5-FLOUROMDMB-BUTINACA, AM-2201,
CP-47, CP-497 HU210, JWH-018, JWH-073, JWH-200,
UR-144, FUB-144, XLR-11 as well as many other names
(Fig. 1). Although many SCs are placed under the sched-
ule I drugs category by the US Drug Enforcement Admin-
istration, identified as unsuitable for medical use as they
possess a high potential for abuse and addiction, these
only represent a few among several hundreds of largely
unknown and newly created compounds estimated by
the United Nations Office to be circulating as drugs of
abuse worldwide [7, 8].

Over the past decade, numerous reports have linked
SCs ingestion with the emergence of a wide range of
serious adverse health effects. These effects are not only
limited to the central nervous system (CNS), but also
recognised in other body targets, including cardiovas-
cular, renal, respiratory, digestive and immune systems.
The most commonly reported toxic effects linked to SCs
use include agitation, anxiety, drowsiness, nausea, vom-
iting, depressed breathing, tachycardia, hypertension,
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Fig. 1 Structure and binding affinity of popular synthetic cannabinoids [5, 9]

muscle twitches, as well as more dangerous effects, such
as psychosis, cognitive impairment, stroke, seizures, car-
diac complications, acute renal failure, and acute hepatic
injury [1, 10, 11]. Furthermore, reports of overdose
deaths following SCs ingestion have markedly increased
in recent years [12—15].

Similar to THC, SCs exert their actions mostly by bind-
ing to CBI1R and CB2R. However, SCs act as full agonists
of these receptors and typically exhibit much higher
potency and efficacy than the partial agonists THC [3,
4]. CBIR are primarily expressed in the CNS; however,
they are also detected at lower but functionally signifi-
cant levels in most peripheral tissues, including heart,
liver, lung, kidney, vascular endothelium, and repro-
ductive system [16, 17]. On the other hand, CB2R are
mainly expressed in immune and immune-derived cells,
but their presence has been also established in the brain
and various peripheral tissues [18, 19]. Activation of
CBIR and CB2R inhibits adenylyl cyclase leading to the
consequent modulation of ion-channel function [20]. In
addition, on the basis of the cell and ligand types, it has
appeared that the signaling of CB1R (and to lesser degree
CB2R) is also implicated in the modulation of multiple
intracellular pathways, including mitogen-activated pro-
tein kinase (MAPK) pathway, phosphoinositide 3-kinase
(PI3K)/protein kinase B (Akt) pathway, ceramide signal-
ing, and many others [21-23]. Therefore, the wide dis-
tribution of cannabinoid receptors and the variety of
associated signaling pathways have been described as the
main biological elements for various SCs-related toxici-
ties reported in literature [24, 25]. Furthermore, beyond
binding CB1R and CB2R, it has been proposed that SCs

pharmacological actions may also be mediated by several
cannabinoid-independent receptors, such as the tran-
sient receptor potential vanilloid 1(TRPV1), the peroxi-
some proliferator-activated receptor (PPARs) family, and
the orphan G protein-coupled receptors 55 (GPR55), 18
(GPR18) and 119 (GPR119) [26—-30]. These receptors are
abundantly expressed in the CNS and peripheral tissues,
and have been shown to modulate multiple intracellular
signaling pathways independently of CB1R and CB2R,
which may reasonably explain the diverse toxicity profile
of SCs [6, 24].

This review will shed light on recent updates of
adverse health events that are linked to the consump-
tion of SCs and explain the possible mechanisms of
SCs-related intoxications as described in the literature.
This can improve SCs risk awareness and assist health
care decision makers in finding proper treatment plans
for addicted patients to improve their quality of life
and reduce the mortality rate related to SCs abuse. We
searched the PubMed MEDLINE database of the US
National Library of Medicine. The MeSH (medical sub-
ject headings) terms used in the search strategy were
synthetic cannabinoids-related toxicities, synthetic can-
nabinoids and neurotoxicity, synthetic cannabinoids and
renal toxicity, Keywords used were cannabinoid recep-
tors, synthetic cannabinoids, K2, spice. We included the
most recent preclinical and clinical studies related to the
review topic, and only English articles were selected.

Neurologic and psychiatric effects
The neurologic and psychiatric toxic effects of SCs are
multiple and well-documented in the literature. The
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nervous system is significantly affected by SCs, that is
mainly due to the extensive distribution of cannabinoid
receptors in several brain areas, such as the cerebral
cortex, hippocampus, basal ganglia, amygdala, and cer-
ebellum [26]. SCs use has been associated with several
neurological perturbations, including drowsiness, diz-
ziness, lethargy, confusion, anxiety, delirium, seizures
and convulsions, and impaired motor performance [32].
Chronic use of SCs has been particularly associated with
cognitive effects, including impairment of attention,
learning and memory, mental flexibility, and emotional
processing [25, 33]. In addition, it has been demonstrated
that SCs use is correlated with an increased risk of psy-
chiatric disorders [34]. Psychosis, in particular, has been
described as the most serious toxic effect of long term
use of SCs that is not reported with natural cannabinoid
use; this may be due to the protective effect of cannabid-
iol, which is a component of the natural compounds, but
is not found in psychoactive SCs products [35].

Activation of CBIR and CB2R in the presynaptic mem-
brane stimulates pertussis toxin-sensitive G proteins
(G ,4,), which inhibits adenylyl cyclase and leads to a
decrease in protein kinase A activity. Activation of CB1R,
through the Py subunits, also triggers the inhibition of
voltage-gated Ca®* channels with simultaneous activa-
tion of inwardly rectifying K currents. These signaling
components inhibit the neurotransmitters release into
the synaptic cleft, thus influencing the excitatory and
inhibitory synaptic transmission [36]. At the postsynap-
tic membrane, activation of CBIR is responsible for the
activation of MAPK pathway, which can further trigger
the activation of extracellular signal regulated kinases 1
and 2 (ERK1/2) as well as regulate certain nuclear tran-
scription factors which can influence the gene expression
profile [37].

Some of the underlying mechanisms of SCs-induced
neurotoxicity have been evidenced in literature. For
example, in the study by Basavarajappa and colleagues,
the deleterious effects of JWH-081 on murine hippocam-
pal function involved CBI1R-mediated impairment in
CaMKIV and CREB phosphorylation [31]. Tomiyama
and Funada found that SCs induce apoptosis of mouse
forebrain primary neurons through a CBIR-mediated
caspase-3-dependent mechanism [38]. Other stud-
ies investigating the mechanisms of SCs neurotoxicity
reported reduced mitochondrial membrane potential
in neuroblastoma cell lines [39]. In addition, impaired
mitochondrial activity and mobility were identified as
mechanisms of SCs toxicity. These processes involve
intra-mitochondrial Gai protein activation and conse-
quent inhibition of soluble-adenylyl cyclase (sAC), which
inhibits protein kinase A (PKA)-dependent phospho-
rylation in the mitochondrial electron transport system,
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resulting in impaired cellular respiration [40, 41]. Expo-
sure of neuroblastoma SH-SY5Y cells to APINACA
increased the formation of reactive oxygen species (ROS)
and the expression of CB1R, MAPKS, IL-6 and TNF-«
[42]. Similarly, JWH-018 induced oxidative stress in SH-
SY5Y cells [43]. Coccini and colleagues investigated the
effects of MAM-2201 on cell viability, mitochondrial
function, apoptosis and morphology of cells of the nerv-
ous system and found these effects to be mediated by
CBIR in astrocytes and unrelated to CB1R in neurons
[44]. The mechanism of SC-induced seizures is not well-
defined, but strong binding of the CB1R receptors seems
to be involved [45].

The molecular mechanisms underlying the pro-psy-
chotic effects of SCs have been proposed as a result of the
action of these substances at CB1R, which can modulate
the functions of neurotransmitter systems known to be
associated with the pathophysiology of schizophrenia and
psychosis [46]. SCs stimulate the dopamine (DA) release
and increase the firing activity of DA-expressing neurons.
For example, the SCs JWH-018, AKB48, and 5F-AKB48
were found to elevate the DA level in nucleus accum-
bens [39, 47]. Administration of the SCs WIN55212-2
and CP55940 in rats increased the firing rate and burst-
ing activity of A10 DA neurons [48]. Other neurotrans-
mitters involved in the pathophysiology of schizophrenia,
such as serotonin and glutamate, have been also asso-
ciated with the psychotic effects of SCs. SCs upregu-
late 5-HT,, receptors through activation of CBIR and
ERK1/2 signaling pathway and increase the interaction
of 5-HT,, receptors and dopamine receptors in the pre-
frontal cortex [49, 50]. CB1R agonists were found to alter
the function of NMDA receptors, which are known to be
associated with psychiatric disorders. This effect is medi-
ated by attenuation of glutamate release [51] and events
downstream from CBIR signaling [52].

As mentioned above, beyond binding CB1R and CB2R,
SCs can also mediate their action by targeting a number
of non-cannabinoid receptors. Among these, the orphan
G protein receptors GPR55 and GPR18, the nuclear hor-
mone receptors PPARs, and the ion channel TRPV1 are
broadly expressed in the CNS and are involved in the
modulation of multiple intracellular signaling pathways.
The GPR55 is coupled with G12/13 proteins, being able
to increase the intracellular calcium levels via the activa-
tion of RhoGTPase nucleotide exchange factors [26, 53].
The activation of GPR55-Rho signalling pathway can dis-
turb the redox balancing in the brain, trigger neuroin-
flammation, and damage the blood brain barrier integrity
[54-56]. In contrary, activation of GPR55 can also trigger
protective mechanisms in the brain that can balance and
curb the high level of oxidative stress and inflammation
depending on the downstream players, such as Nuclear
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factor erythroid 2-related factor 2 (NRF2) and ERK [57].
The GPR18 interacts preferably with CB2R causing the
activation of microglia and triggering neuroinflamma-
tion [58]. SCs may also activate Peroxisome Prolifer-
ator-activated Receptors (PPARs), a family of nuclear
hormone receptors, to form heterodimers with the reti-
noid X receptor and stimulate gene expression by bind-
ing to specific DNA sequences known as PPAR response
elements [59]. SCs found to activate the three different
isoforms of PPARs; PPARa, PPARP, and PPARY, which
induce the transcription of key factors involved in regu-
lating inflammation, metabolism, and oxidative stress
[59]. The activation of PPARs by SCs instigates many
neuroprotective mechanisms by reducing the level of
master inflammatory cytokines; NF-Kb and Nrf2/CREB,
and scavenging excess level of free radicals. Interest-
ingly, there is a molecular connection between CB1R and
PPARs that can dictate the ultimate effects of SCs, intense
activation of CBIR by SCs can disturb the neuroprotec-
tive effects exerted by PPARs and incite intense inflam-
matory and oxidative stress responses [60]. Although
SCs exhibit limited efficacy in opening TRPV1 channels,
some SCs such as XLR-11 were shown to induce a signifi-
cant activation of these channels and promote neuronal
uptake of Ca2 + [61].

Cardiovascular effects
The association between SCs use and the incidence of
cardiovascular complications has been corroborated
thoroughly by many studies. Numerous case reports and
clinical studies have linked SCs ingestion with serious
acute cardiac toxicities, including hypertension, tachy-
cardia, arrhythmias, myocardial infarction, and cardiac
arrest. Although hypertension and tachycardia are the
most commonly reported cardiac complications related
to SCs ingestion [11, 62-66], more serious cardiovas-
cular events have been also described in literature. Cur-
rent epidemiological data suggest that acute and chronic
use of SCs has been linked to various arrhythmias that
include sinus bradycardia, second-degree atrioven-
tricular block, ventricular fibrillation, and atrial fibrilla-
tion [42]. Mir et al., reported three cases of adolescent
patients, who complained of chest pain only 1 day after
smoking K2 and were diagnosed with acute myocardial
infarction based on electrocardiogram changes (ECQG)
and elevated troponin levels [66]. Subsequent cases of
acute myocardial infarction and cardiac arrest have been
also reported after K2 abuse in healthy young teenagers
or young adults [67-70]. In addition, several cardiovas-
cular fatalities associated with SCs abuse have been also
reported in literature [15, 71-75].

The mechanisms of SCs-induced cardiotoxicity have
been suggested to involve activation of CB1R, which are
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extensively expressed in the cardiovascular system [76].
In this regard, several studies revealed that the activa-
tion of CB1R mediates a cascade of events that eventually
lead to myocardial injury and disturb the cardiovascu-
lar system dynamics [77]. It has been demonstrated that
the interaction of CBIR receptors with their ligands
is associated with the activation of p38 kinase and the
mitogen-activated protein kinase (MAPKs) JNK, fol-
lowed by subsequent induction of apoptosis signaling
pathway. Furthermore, the disturbance in Redox sign-
aling increased the level of reactive oxygen species that
initiate an oxidative tissue stress and damage in the car-
diac tissues. The possible role of activating ERK kinases
1 and 2 in inducing cardiac hypertrophy has been also
suggested [76]. CB1R receptors are predominantly local-
ized within the mitochondria, where their activation may
alter the mitochondrial biogenesis and Redox oxidative
balance. The exogenous activation of myocardial CBIR
receptors is possibly implicated in changing mitochon-
drial dynamics by disturbing the mitochondrial respira-
tory chain complexes, inhibiting the synthesis of essential
mitochondrial enzymes, and the subsequent loss of inner
mitochondrial membrane potential, which initiates mito-
chondrial oxidative stress and cellular apoptosis [78]. In
congruence with that, Alexandre and co-authors have
observed a remarkable increase in mitochondrial mem-
brane potential by 1 pM and 1 pM using THJ-2201 and
5F-PB22, respectively, suggesting a profound impair-
ment of mitochondrial activity [79]. These studied SCs
induced a transient mitochondrial membrane hyperpo-
larization and increased intracellular ATP levels, which
subsequently ensued massive chromatin condensation
and caspase-3 activation that triggered the activation of
cellular apoptosis [80]. The high intracellular ATP levels
induced by SCs could be possibly attributed to the inhi-
bition of adenylate cyclase activity [81]. CBR1 recep-
tor activation is also known to inhibit adenylate cyclase
activity that will be associated with downregulation of
cyclic adenosine monophosphate (cAMP) production,
accumulation of ATP molecules, and decreased ATP
consumption rate [82]. Taken together, these data suggest
that SCs consumption causes substantial impairment of
mitochondrial dynamics and enkindles destructive oxi-
dative stress that leads to myocardial damage and seri-
ous complications that can be critical and carried a high
mortality risk. On the other hand, the cardiovascular
complications among SCs consumers can be also a direct
consequences of intense activation of sympathetic nerv-
ous system and inhibition of the parasympathetic nerv-
ous system as a result of CB1R receptors activation in the
brain and locally within the heart [83]. Triggering pow-
erful sympathetic stimulation can negatively affect the
heart contractile cells due to unbridled increase in the
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cardiac contractility, workload, and oxygen demands. The
consequences of strong sympathetic activity can be dan-
gerous, leading to various remodeling changes that can
initiate serious cardiac events.

In the similar fashion to CNS, non-cannabinoids tar-
gets can mediate many pharmacological effects of SCs
in the cardiovascular system. GPR55 and GPR18 are
widely expressed in the cardiovascular system, and their
activation by SCs can excite salutary or harmful events
depending on the downstream targets [84]. It has been
shown that the activation of GPR55 in the heart can ini-
tiate vaso-relaxatioin effect, slow-down the development
of remodeling changes in the heart, such as hypertrophy,
and downregulate the levels of extracellular matrix fac-
tors and inflammatory cytokines [85]. These mechanisms
suggested that the long-term pernicious effects of SCs
on the heart depend on the failure in creating a balance
between cannabinoids and non-cannabinoids signal-
ing pathways of SCs [23]. Furthermore, the deleterious
effects of SCs on heart can be more intense when higher
doses, because these protective non-cannabinoids signal-
ing pathways can be paralyzed with higher doses of SCs
and longer duration of exposure, while the harmful can-
nabinoid signaling pathway, particularly CB1R-mediated
signaling, became more active and prominent [76].

Renal effects

Although renal toxicities are considered uncommon
complications associated with SCs usage, accumulating
evidence suggests that cannabis or its synthetic analogues
may have deleterious effects not only on kidney function
in patients with pre-existing kidney disease, but also on
healthy kidneys [86]. In particular, a significant number
of case reports anticipated possible association between
acute kidney injury (AKI) and SCs ingestion in healthy
adolescents and adults who do not have a previous medi-
cal history of kidney diseases [87-91]. Those SCs con-
sumers usually presented to the emergency department
complaining of new onset of intense nausea, vomiting,
and abdominal or flank pain, with elevated serum levels
of creatinine and urea. The clinical records of some cases
demonstrated the existence of acute tubular necrosis and
acute interstitial nephritis detected upon histological
examination of their renal biopsies [11].

The exact pathophysiology of SCs-associated AKI
remains largely unknown. However, functional CBIR
and CB2R were detected in various renal cells, including
cells of glomeruli, proximal tubules, distal tubules, the
loop of Henle, and collecting ducts [92-94], with sub-
stantial concentrations of endocannabinoids AEA and
2-AG also found in renal tissue [95]. In addition, several
pharmacological studies have shown that the ECs play an
essential role in regulating renal homeostatic processes,
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particularly urinary protein excretion, tubular sodium
transport glomerular filtration, and renal vascular hemo-
dynamics through the activation of CBIR receptors.
Therefore, given the role of renal ECs under physiologi-
cal conditions [86] as well as its role in the pathogenesis
of several kidney diseases [96], it is reasonable to expect
that dysregulation of renal ECs by exogenous pharma-
cological agents, such as SCs, can possibly lead to sev-
eral pathophysiologic consequences. In this respect,
Silva et al. demonstrated in a series of in vitro studies
that SCs, such as XLR-11, AB-FUBINACA, JWH-122,
and THJ-2201, through activation of CB1R and CB2R at
in vivo relevant level, lead to disruption of mitochondrial
function in human proximal tubule (HK-2) cells, which
involves a transient hyperpolarization of the inner mito-
chondrial membrane and accumulation of intracellular
ATD, with consequent triggering of renal cells apoptosis
[80, 97]. The activation of CBIR and CB2R as initial step
to start consequent events that ultimately lead to kidney
injury and dysfunction has been also described in vari-
ous preclinical disease models. For example, Lim et al.
revealed that the activation of renal CB1R receptors can
induce apoptosis in human proximal tubule cells medi-
ated by activating the endoplasmic reticulum (ER) stress
signaling pathway [98]. In addition, the ECs through
CBIR, was found to promote cisplatin-induced kidney
injury, mainly by augmenting p38 and JNK MAPK acti-
vation and enhancing the interrelated inflammatory and
oxidative stress responses [99]. Finally, it has been also
suggested that SCs ingestion can induces harmful renal
effects indirectly and independently of CB1R and CB2R
activation. SCs can be subjected to biotransformation
and functional modifications in the liver leading to the
production of many circulating toxic compounds that
have the potential to cause nephrotoxicity by various
stress pathways [100].

Hepatic effects

The possibility that SCs use may cause liver damage has
been described in human and animal models [12, 101,
102]. Numerous case reports have demonstrated an asso-
ciation between liver injury and SCs ingestion. Many
patients with history of chronic SCs use were admitted
to the hospital emergency care units suffering from toxic
hepatitis with symptoms, such as abdominal pain, vom-
iting, and fatigue. Their laboratory findings revealed ele-
vated liver enzymes, such as aspartate aminotransferase,
alanine aminotransferase, alkaline phosphatase, and bili-
rubin, which can indicate the presence of serious liver
injury [103-106]. In addition, liver damage and failure
have been listed as the main cause of death in postmor-
tem case reports with known history of SCs ingestion
[107].
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The exact mechanisms of hepatotoxicity and liver dam-
age due to SCs use are not completely known. Many
studies linked SCs-related hepatotoxicity with oxidative
stress damage of mitochondria and ER [103]. As an evi-
dence of oxidative stress involvement, it has been found
that prompt treatment with N-acetylcysteine (hepato-
protective antioxidant agent) can significantly restore
the oxidative capacity of the liver and improve the clini-
cal outcomes [106]. Along with oxidative stress, inten-
sive inflammatory response was shown as a key mediator
in SCs-induced hepatotoxicity in vivo [102]. Although
hepatotoxicity is believed to be primarily mediated by
secondary cytotoxic effects of SCs and their metabolites,
direct activation of CBIR and CB2R and dysregulation
of ECs in the liver are also theorized as potential mecha-
nism. CB1R and CB2R are expressed in various cell types
of liver [108, 109], and were described to be involved in
the pathogenesis of many chronic liver diseases [110]. In
addition, inhibition of CB1R was found to play an essen-
tial role in the reduction of interrelated inflammatory
response in toxin-induced liver injury [111]. Therefore,
we can probably assume that SCs activation of CB1R and
CB2R and their downstream signaling may also contrib-
ute to the emergence of liver toxicity and subsequent
liver damage and failure. Besides activating CBI1R and
CB2R in hepatocytes, SCs can activate and modulate
the expression of PPARs, particularly PPAR«, which can
modulate the activity of enzymes responsible of driv-
ing fatty acid oxidation and ketone bodies production
in the liver, thus increasing the risk of developing meta-
bolic acidosis [60]. On contrary, PPARa can enhance the
anti-inflammatory and antioxidant signalling in the liver,
which was also found to be demoted by the activation of
CBIR by SCs [112].

Effects on other organs

In addition to the abovementioned, the binding of
SCs to CBI1R receptors can negatively impact the pul-
monary functions. SCs can increase the incidence of
alveolar damage or haemorrhage and acute respiratory
failure mediated by CBI1R-induced inflammation and
immune cells infiltrates [113]. On the other hand, CB2R
can reduce the risk of developing acute lung injury
due to bacterial infection [114]. Although the immu-
nomodulatory effects of SCs are not fully understood, it
has been suggested that activating CB1R and CB2R by
SCs can reprogram the immune system by polarizing
cytokines secretion causing the inhibition of T-cells,
B-cells, natural killers, monocytes, and granulocytes
[115]. Interestingly, SCs have been reported to produce
promising effects for treating ocular conditions, such as
glaucoma and ocular surface injury, as they can lower
ocular hypertension and ocular inflammation [116].
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However, their use is not recommended due to high
risk of serious systemic and ocular side effects. SCs can
cause ocular motility deficits, neuro-retinal dysfunc-
tion, and impaired visual acuity [117].

Conclusion

Synthetic cannabinoids (SCs) recreational use is an
illegal consumption that spreads rampantly world-
wide, and the most targeted age groups are teenagers.
Despite the huge efforts to crackdown on SCs con-
sumption, the rate of recreational use is increasing as
many cheap brands are handy and easily accessible.
SCs abuse triggers multisystem intoxication that can
be severe and lead to death, SCs-related toxicities were
mediated by activating cannabinoids (CB1R and CB2R)
and non-cannabinoids targets (such as GPR55) that
increased the levels of ROS and inflammatory cytokines
and disturbed the anti-inflammatory and antioxidant
mechanisms. The imbalance between cannabinoids and
non-cannabinoids mediated signalling of SCs seems to
determine the severity of SCs-related toxicities. Keep-
ing updates about pathological implications of SCs
abuse can help in revamping the existing health care
services and the associated addiction and harm reduc-
tion interventions.
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