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Abstract

Synthetic cannabinoids (SCs) constitute the largest category of Novel Psychoactive Substances (NPSs), primarily prevalent among young adults and marginalized demographics such as the homeless, incarcerated individuals, those with dual disorders, and poly-substance abusers. Over the last decade, their consumption has increasingly been linked to health issues and fatalities. There is growing evidence suggesting that SC usage might significantly contribute to the onset and continuation of psychosis in both individuals with no prior mental health issues and those already vulnerable. However, due to the recent emergence of SC products and limited scientific literature, it is challenging to accurately assess the risk of developing psychosis after using SCs. Additionally, the increasing probability of concurrent substance use, commonly observed in SC users, and the lack of adequate toxicological screening tools pose substantial obstacles to understanding the direct role of SCs in inducing psychotic disturbances. Moreover, the considerable chemical and pharmacological diversity among SC compounds further complicates the interpretation of existing, largely anecdotal, evidence.

Introduction
Phytocannabinoids, the naturally occurring psychoactive compounds in the cannabis plant, as well as synthetic cannabinoids (also known as synthetic cannabimimetics), alter the endocannabinoid system to produce their effects. Cannabis contains over 100 different phytocannabinoids, and their combined presence contributes to the psychoactive effects of cannabis. Despite the interest in discovering and using cannabis-like compounds dating back to the 1970s, the production of synthetic cannabinoids was largely overlooked by covert chemists for about two decades. This was primarily due to the relatively easy access to natural Δ9-tetrahydrocannabinol (THC), which is the main psychoactive cannabinoid in cannabis (Papanti et al., 2018). Most synthetic cannabinoids were initially created during the 1990s for biomedical research, coinciding with an enhanced understanding of the endocannabinoid system. Currently, synthetic cannabinoids constitute the largest and most diverse group of novel psychoactive substances (NPSs) under surveillance by the European Monitoring Centre for Drugs and Drug Addiction (EMCDDA, 2023). NPSs are typically described as new narcotic or psychotropic drugs that are not regulated by the United Nations' 1961 Narcotic Drugs and 1971 Psychotropic Substances Conventions, but which yet may pose a public health risk. It is estimated that there are well over 1,000 available synthetic cannabinoid compounds, and this number is expected to rise (Zangani et al., 2020; Schifano et al., 2021). The current widespread availability of synthetic cannabinoids likely reflects both the general demand for cannabis-like products and the speed at which manufacturers create and distribute new synthetic cannabinoids to evade constantly changing drug regulations.
Synthetic Cannabinoids
Preparations containing synthetic cannabinoids (SCs) are commonly used to induce an intoxication similar to that of cannabis. SCs have been present in the recreational drug market since approximately 2004, although their psychoactive effects were comprehensively described a few years later. These SC compounds are usually promoted to potential consumers as unregulated substances. They are frequently modified with minor structural alterations to create new compounds as soon as they are classified as controlled substances, aiming to evade penalties for producers and sellers. Additionally, SCs are typically packaged with labels stating "not for human consumption" and lacking details about the constituents to bypass safety regulations related to food, drugs, and medicines. SCs can be bought, either in bulk or individually, from various sources, gas stations, street dealers, and the internet, accessible on both the surface and deep/darknet levels (Papanti et al., 2018; Papanti et al., 2014).

In their pure chemical form, SCs exist as either solids or oils. Preparations of SCs usually involve a dried plant base to replicate the appearance and texture of marijuana, sprayed with a blend of SC molecules and/or entirely different compounds involved in endocannabinoid metabolism/transportation (Schifano et al., 2016). These SCs are often recognized by their brand names, often resembling street names for cannabis strains (e.g., 'Spice,' 'K2,' 'Northern Lights,' 'Skunk,' 'Amnesia,' 'Kronic,' 'Kush'), and are sold in metallic-foil sachets. Other available forms of SC preparations include being sprayed on paper, for instance, to facilitate access in forensic settings such as prisons, or applied to low-potency industrial THC-hemp. They are also found in capsules, e-liquids (i.e., vaporizable liquid solutions for electronic cigarettes), tablets, and edibles (EMCDDA, 2022). Consumption of SCs typically occurs through inhalation using a joint, bong, or pipe, but other methods such as insufflation, oral ingestion, rectal administration, and injection have also been reported (Schifano et al., 2015).
Synthetic Cannabinoid use

In recent years, synthetic cannabinoids (SCs) have become increasingly popular, particularly among young males and specific vulnerable groups such as marginalized individuals, e.g., those experiencing homelessness, incarcerated individuals, and those struggling with poly-substance misuse and dual disorders (EMCDDA, 2017; Papanti et al., 2013). While a basic screening test can easily detect cannabis use, there are currently no readily available point-of-care tests for SCs (Naviglio et al., 2015), although some fluorescence spectral fingerprinting technologies may hold some promise (May et al., 2019. The identification of SC compounds remains challenging, even with advanced gas chromatography detection tests, primarily due to the absence of suitable reference samples (Assi et al., 2011). These challenges in detection make SCs appealing to individuals in supervised environments where routine drug testing occurs, including forensic psychiatric facilities, residential drug treatment centers, prisons, probation services, the military, and specific workplaces. Athletes subject to anti-doping tests and individuals applying for a driver's license may also find SCs enticing (Abdulrahim & Bowden-Jones, 2022; Schifano et al., 2015; for an overview of reasons behind SC use, please refer to Table 1).

Given that SCs were initially synthesized for preclinical and nonclinical research objectives, most of these compounds had never undergone testing in animals or humans before they emerged in the recreational drug scene. Consequently, the available clinical information related to SCs is mostly anecdotal at this point, relying on self-reported accounts from online fora, surveys, calls to Poison Control Centers, and case reports in the literature (Papanti et al., 2013). The scarcity of comprehensive information explains why many SC users may not fully comprehend the potential severe adverse effects associated with these compounds. There is a common misconception among users that these compounds are similar to marijuana and hence are perceived as ‘safe’ and ‘natural’ (Schifano et al., 2009).
	TABLE 1 Reasons for Synthetic Cannabinoid Consumption

	Misperception of safety
Misperception of legality, and ease of circumvention of drug-related prosecution 
Undetectability in drug screening tests, and circumvention of detection 
Curiosity
Desirable psychoactive effects
Cannabis substitution



Composition and pharmacology
Typically, each package containing synthetic cannabinoids (SCs) may present with a variety of different SC compounds. Even within batches of the same brand, there can be significant variability in the specific SC molecules. These SCs have diverse structures, chemical properties, potencies, pharmacokinetics, and pharmacodynamics (Schifano et al., 2015). In contrast to the natural phytocannabinoid they aim to imitate, THC, which has a dibenzofuran structure, most SC molecules do not possess this structure. Conversely, many SC molecules incorporate nitrogen atoms in their structures, a characteristic absent in phytocannabinoids (Papanti et al., 2018). While THC acts as a partial agonist at cannabinoid receptors CB1 and CB2, SCs can function as full or even super-agonists, displaying a high affinity and eliciting maximal activity at cannabinoid receptors (Schifano et al., 2016; Deluca et al., 2016). Moreover, THC's effects are influenced or subdued by other natural compounds found in cannabis, such as terpenoids, cannabidiol (CBD), and tetrahydrocannabivarin, which is not the case with SC-containing products (Papanti et al., 2014). Beyond CB1/CB2 effects, several SCs have been found to possess monoamine oxidase (MAO) and serotonin reuptake inhibiting properties (Hindson et al., 2023), and they may interact with various other channels and receptors, including T‐type calcium channels, TRP channels, hERG channels, PPAR, nicotinic acetylcholine receptors, α2B receptors, H1 receptors, glycine receptors, and ionotropic glutamate/NMDA receptors (Papanti et al., 2018). Some SC molecules incorporate indole-derived components, akin to those found in indoleamine hallucinogens like dimethyltryptamine, suggesting that indole SC ingestion may lead to considerable serotonin (5-HT) receptor activation. In sum, SC activity at non-cannabinoid receptors likely contributes to the complex clinical effects observed (Schifano et al., 2016).

As SC preparations almost always contain a variety of SCs in a single batch (Abdulrahim & Bowden-Jones, 2022; Schifano et al., 2015), there is a potential for drug–drug interactions within a single product. Additionally, some SC metabolites retain both affinity and activity at CB1 receptors, potentially prolonging and intensifying receptor activation, thereby contributing to the toxicity of these products. The recent trend of fluorinating SCs, a technique common in medicinal chemistry, may increase the compounds' lipophilicity, enhancing their absorption through biological membranes and the blood–brain barrier, potentially amplifying overall toxicity. An emerging trend also involves the detection of other psychoactive substances in SC-containing preparations, such as Mitragyna speciosa (Kratom), the beta-2 adrenergic agonist clenbuterol, benzodiazepines like phenazepam, tryptamines, phenethylamine derivatives, cathinones, MAO inhibitors like harmine and harmaline, opioid receptor agonists (e.g., AH-7921, O-desmethyltramadol, heroin), opioid receptor super agonists such as fentanyl (Independent Monitoring Boards, 2023); anesthetics like benzocaine; NMDA receptor antagonists; and the super warfarin anticoagulant brodifacoum (Moritz et al., 2018). Other potential contributors to SC product toxicity encompass the pharmacological activity of SC and include: pyrolysis by-products, the presence of contaminants, side-products, and solvents in the packaging (Abdulrahim & Bowden-Jones, 2022), and the lack of product quality control resulting in substantial concentration differences ("hot pockets") of SCs within herbal and e-liquid formulations (Papanti et al., 2014; EMCDDA, 2022). There may be increased susceptibility levels to SC-related adverse effects in certain users due to preexisting conditions (e.g., psychiatric disorders) or concurrent use of other drugs (Fantegrossi et al., 2014; Papanti et al., 2013).
Acute effects, tolerance/ withdrawal, and lethality
While there are similarities in the psychoactive effects between low-dosage, low-potency, first-generation synthetic cannabinoids (SC) and cannabis/THC consumption, noticeable visual/auditory hallucinations and intense paranoid feelings typically manifest at higher levels, and/or latest generation (Malaca et al, 2022) of SC ingestion. Users of SCs often describe their effects as unpredictable, and considerable variations in effects can be observed with each episode of drug use. Consequently, a range of psychedelic experiences related to SC intake has been reported, including mood-lifting, euphoric, and relaxing properties. Perceptual disturbances linked to SC usage have been characterized as "fractals/geometric patterns," "trails," and "flashes of color," often accompanied by a sense of relaxation and heightened creativity (Papanti et al., 2018).

In comparison to cannabis, SC consumption may result in a shorter duration of effects, a quicker development of tolerance, more pronounced "hangover," and intensified withdrawal effects. High doses of SCs can induce substantial anxiety levels and various other unpleasant experiences, such as "bad trips" or "death trips" (Çoban, 2014). These "bad trips" can manifest with symptoms like suspiciousness/paranoia, altered self-perception, and dissociative effects, such as feelings of living in different or parallel realities (Papanti et al., 2018).

The psychoactive effects of SCs can be more pronounced in individuals with limited prior exposure to cannabis. Adverse effects associated with SC use can be severe; indeed, SC consumption is linked to a much higher risk of seeking emergency room care compared to natural cannabis. Acute intoxication from SCs sometimes mirrors the clinical presentation seen with the use of stimulant/sympathomimetic recreational drugs (Naviglio et al., 2015). In some cases, a brief but potentially life-threatening serotonin syndrome clinical presentation may occur, characterized by elevated heart rate and blood pressure, mydriasis, agitation/anxiety, hyperglycaemia, dyspnoea or rapid breathing, nausea or vomiting, and seizures (Naviglio et al., 2015; Schifano et al., 2016). Other acute adverse effects associated with SC use include self-harm, suicidal or aggressive behavior, hyperemesis, nystagmus, stroke, myocardial infarction, and acute kidney injury (refer to Table 2).

Instances of delirium have been reported in association with SC intoxication. Individuals in this clinical state may exhibit extreme aggression, hallucinations, combativeness, and an elevated heart rate for several days. Overall, most healthcare professionals do not seem adequately trained in terms of treatment and management concerning SC use and intoxication.
	TABLE 2 Signs, Symptoms, and Adverse Effects of Synthetic Cannabinoid      Intoxication

	Agitation
Delirium

Psychosis
Sedation

Tachypnoea 
Mydriasis 
Seizures 
Hypokalaemia 
Nausea
Vomiting/hyperemesis 
Toxic hepatitis/liver failure  
Acute kidney injuries 
Hypertension/Hypotension 
Acute coronary syndrome 
Myocardial infarction

Tachycardia/Bradycardia

Dysrrhythmias
Cardiac arrest
Stroke
Rhabdomyolysis
Serotonin syndrome

Acute respiratory failure

Respiratory depression 
Coma
Death


	TABLE 3 Signs and Symptoms of Synthetic Cannabinoid Withdrawal

	Drug craving 
Agitation Anxiety/irritability
Nightmares/insomnia
Tachycardia
Palpitations
Tremor
Profuse sweating 
Headache 
Nausea

Vomiting

Loss of appetite
Malaise

Feelings of emptiness/depressive symptoms
Suicidal ideation/suicide attempt

	


Several fatalities have been linked to the ingestion of SCs, either on their own or when combined with other substances (Corkery et al., 2013). Users of SCs describe a pattern of accelerated use, with dosages escalating rapidly following initial experimentation. This often leads to compulsive re-dosing, increased tolerance, and ultimately addiction. Withdrawal from SCs can manifest as intense drug cravings, rapid heartbeat and palpitations, tremors, excessive sweating, nightmares or difficulty sleeping, gastrointestinal issues like nausea and vomiting, loss of appetite, physical discomfort, headaches, heightened anxiety or irritability, feelings of emptiness, depressive symptoms, and thoughts of suicide or suicide attempts (Papanti et al., 2018; for an overview, please refer to Table 3).
Synthetic cannabinoids and psychosis
SC preparations lack CBD or similar modulating compounds, and many SCs are high-potency, full agonists at CB1 receptors (Deluca et al., 2016). Some SCs were initially explored for medicinal purposes, but their usage has been linked to adverse psychotogenic effects. For instance, levonantradol, an anti-nausea and analgesic SC medication, was removed from the market due to unacceptable psychiatric side-effects like hallucinations, perceptual and thought disturbances, paranoia, and dissociation. Another SC compound, Org 26828, was tested in humans for its sedative, amnestic, analgesic, and anti-emetic properties, but the trial was halted due to the occurrence of severe psychotic-like adverse effects (for a comprehensive review on the potential medical use of various SCs, see Coronado-Alvarez et al., 2021).

Long-term effects of SC ingestion in humans have not been evaluated through longitudinal studies thus far. Psychotic disorders associated with SC use can manifest as transient/acute psychotic episodes, persistent psychotic disorders (referred to as "Spiceophrenia"; Papanti et al., 2013), or a relapse or exacerbation of preexisting psychosis.

Acute psychotic reactions can arise from a single exposure to SCs or from repeated use, encompassing a spectrum of clinically relevant psychopathological symptoms like perceptual alterations, depersonalization, dissociation, illusions, auditory and visual hallucinations, paranoid delusions, disorganized behavior and speech, catatonia, agitation/aggression, and suicidal thoughts or behaviours (Papanti et al., 2013). SC consumption can also trigger new psychopathological reactions in individuals with pre-existing mental disorders (e.g., the emergence of manic-like symptoms in individuals with schizophrenia and no prior affective symptoms).

Hallucinations and/or delusions are less likely to occur with cannabis use compared to SC consumption, being observed in 2% and 11.2% of users, respectively. Additionally, SC-related psychotic episodes are associated with more frequent agitation and behavioural dyscontrol compared to cannabis. Comparative studies of SC versus cannabis users admitted to psychiatric units show that SC users are generally younger and present with higher rates of involuntary admission, greater disease severity, more severe positive symptoms, increased suicidal ideation, more frequent aggression, longer lengths of stay, and longer time to recovery (see Table 4). Interestingly, a clear cause-effect relationship has been observed between SC intake and psychotic reactions, evident in a definitive "challenge-re-challenge" pattern, where SC consumption precedes the psychotic reaction, subsides after SC discontinuation, and reoccurs upon repeated exposure (Papanti et al., 2013). Persistent hallucinations following repeated use of SCs have also been reported. Lastly, the literature documents several instances of suicide following SC intake (for an in-depth review, see Papanti et al., 2014).

	TABLE 4 Features Associated With Synthetic Cannabinoids vs Cannabis- Related Psychoses

	Higher frequency of positive symptoms
Higher occurrence of agitation/behavioral dyscontrol  

Higher occurrence of suicidal ideation
Higher rates of involuntary admission
Greater severity of disease 
Higher levels of aggression
Longer length of inpatient stay

Longer time to recovery


Treatment of synthetic cannabinoid-induced psychosis
In cases of SC-induced psychosis accompanied by agitation, the utilization of oral or parenteral benzodiazepines is a viable option, providing an added benefit of averting potential seizures, which have been linked to SC intoxication. Current systematic reviews and guidelines do not specify a recommended antipsychotic for treating SC-induced psychosis (Abdulrahim & Bowden-Jones, 2022). However, if antipsychotics are administered, an electrocardiogram may be necessary to monitor parameters like the QTc interval, given that SC users may manifest cardiac irregularities and experience symptoms like vomiting and electrolyte imbalances, such as hypokalaemia, further complicating the clinical presentation. It is crucial to recognize that antipsychotics could also lower the seizure threshold (Naviglio et al., 2015).

In a broader context of treating substance-induced psychotic disorders, second-generation antipsychotics may offer certain advantages over first-generation ones. Many second-generation antipsychotics disengage rapidly from dopamine receptors, potentially resulting in less pronounced damping of responses in the reward system and therefore less heightened cravings. Some second-generation agents might even increase dopamine levels in the nucleus accumbens shell; indeed, both clozapine and olanzapine could be advantageous in mitigating substance-induced psychotic symptoms without amplifying cravings, particularly in patients concurrently dealing with substance use disorders (Machielsen et al., 2012). Furthermore, second-generation antipsychotics function as antagonists at serotonin 5-HT2A receptors, a primary target for most hallucinogenic drugs (Valeriani et al., 2015)
Conclusions
Adolescents, given their heightened vulnerability to drugs interacting with cannabinoid receptors, should be carefully monitored for SC use, necessitating awareness and vigilance from parents and educators. Physicians need to possess familiarity with the signs and symptoms associated with both THC and SC intoxication. Furthermore, it is imperative to educate the general public about the dangers of using these psychoactive substances and their potential impact on mental health (Papanti et al., 2014). Broad-reaching prevention campaigns that provide accurate information and emphasize the distinctions between SCs and natural cannabis should be organized in a non-judgmental manner. Simultaneously, healthcare professionals need regular updates on NPSs, including SCs, to swiftly identify signs and symptoms of intoxication, understand the medical and psychiatric risks, and be aware of potential longer-term harms associated with their use.
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