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New psychoactive substances (NPS) aim to imitate the classical and controlled drugs, such as cannabis, cocaine,
heroin, lysergic acid diethylamide (LSD), or methamphetamine. For this reason, they can be divided and classified

into different categories or categorized according to their psychotropic effects or nature

new psychoactive substances health problems

| 1. Synthetic Cathinones

Cathinone occurs naturally in the leaves of khat I, a plant usually found in East and Southern Africa, Southwest

Arabian Peninsula, and Afghanistan (28], More details on khat are presented in the plant-based NPS section.

In 1975, cathinone, or 2-amino-1-phenylpropan-1-one, was identified and isolated from fresh khat leaves . This
natural compound is a B-keto analogue of amphetamine, hence its amphetamine-like stimulant effects I, Figure

1 shows the chemical structure of amphetamine and cathinone.
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Figure 1. Chemical structure of amphetamine and cathinone.

However, synthetic cathinones were first synthesized a few decades before, starting with methcathinone in 1928 [4],
and mephedrone one year later 2. The structural resemblance of these compounds with classical amphetamines
and their effects on the CNS brought the use of these compounds for clinical purposes to attention EIEIZ, primarily

as antidepressant and appetite suppressant drugs BIEI19 |t js also relevant to point out that only one synthetic
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cathinone is still available on the market for therapeutic purposes, bupropion, which is used as an antidepressant,
coadjutant in smoking cessation therapy, and in the treatment of obesity [I[11](12]

Despite their medicinal use, access to these compounds has been limited, considering their potential for abuse and
dependence, and the adverse effects they might cause 3. Methcathinone was the first compound used
recreationally in the Soviet Union in the 1970s. Synthetic cathinones are commonly known as amphetamine
derivatives not only because of their similar chemical structure to amphetamine (Figure 1), but also concerning
their physiological and behavioral effects L4l That said, in the beginning of the 21st century, specific cathinones
started to appear in the market as legal substitutes for illegal substances, such as methamphetamine and MDMA
(14 that were replaced by ephedrone and methylone-1-(1,3-benzodioxol-5-yl)-2-(methylamino)propan-1-one,
respectively (Figure 2).
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Figure 2. Chemical structures of methamphetamine, MDMA, ephedrone, and methylone.

Innumerable cathinone derivatives can be synthesized by modifying the cathinone backbone structure. There are
five different sites in which these modifications can occur (Figure 3) LI14. A total of 156 synthetic cathinones are
currently monitored by the EU EWS, making it the second largest group of substances controlled by this

organization 12!,
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R3

Figure 3. General chemical structure of synthetic cathinones.

These compounds have gained outstanding popularity worldwide X due to their wide availability, relatively low
prices, impressive marketing strategies, high purity compared to “street drugs”, and popularization via the internet
and in the so called smartshops. They are also known by the street names “Miaow Miaow”, “M-Cat”, “Msmack”,
“Drone”, “Fert”, or “Bubbles” [X8l Regulatory measures have been introduced to control these substances.
However, new uncontrolled derivatives keep appearing on the market to replace those that have been subjected to
legislation &,

Some cathinone derivatives are internationally controlled. Cathinone and methcathinone are listed in Schedule | of

the 1971 Single Convention on Psychotropic Substances, cathine in Schedule Ill, and pyrovalerone in Schedule 1V
1),

Methylone was the first synthetic cathinone reported to the EMCDDA in 2005, and it is part of the first generation of
synthetic cathinones to be marketed as “legal high” L7, The legislative control of the first generation of synthetic

cathinones and the demand for novel and legal substitutes increased the synthesis of new molecules.

Mephedrone and MDPV appeared two years after methylone. Other compounds appeared ever since, for instance,
the commonly found butylone, 4-methylethcathinone (4-MEC), and methedrone; and the less common a-

pyrrolidinopentiophenone (a-PVP) and buphedrone 221, Some of these synthetic cathinones are shown in Figure 4.
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Figure 4. Some of the most common synthetic cathinones.

Some cathinone derivatives show only about half the stimulant potency of amphetamines 18, and this leads to the
consumption of higher doses or even re-dosing 24,

These NPS are mainly consumed orally 2229 byt nasal insufflation and inhalation, gingival and sublingual
mucosal routes, intravenous, intramuscular, and subcutaneous injections 2122l and rectal administration 22 may

be used as well.

Cathinones can be consumed pure or in combination with another cathinone and/or with various other types of
NPS, illicit drugs, medicines, anesthetic agents, and alcohol, to enhance the psychoactive effect 2. Concomitantly
used with prescription drugs, some side effects can be reduced: BZPs help with anxiety; B-blockers are used with
tachycardia; proton pump inhibitors help with stomach pain; and selective phosphodiesterase type 5 inhibitors
increase libido and improve sexual performance [22[23 However, this concomitant consumption may be

unintentional if the information about the content of drug is lacking.
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Doses vary largely from a few milligrams to a couple of grams depending on the substance that is being
consumed. The route of administration is also important: when a synthetic cathinone is consumed by nasal
insufflation, there is a quicker onset of the desired effects, so lower doses are needed in comparison to oral
ingestion 19, A typical dose of mephedrone, for example, is 100-250 mg. On the other hand, MDPV is usually

consumed in doses of 5-10 mg because it is more potent [24],

In the United Kingdom, toxicity related to synthetic cathinones consumption increased from none to 600 cases from
2009 to 2010. Additionally in that year, the prevalence of consumption in Northern Ireland was about 2%. In
France, MDPV and 4-Methylethcathinone (4-MEC) were two of the most consumed NPS.

After consumption, these substances are first distributed to heavily irrigated organs such as brain, lungs, liver, and
kidneys. It is in this phase that the first effects occur L. Synthetic cathinones show the ability to mediate the activity
of monoamine transporters and receptors in the brain. These substances interact mainly with the serotonin
receptor and transporters such as DAT, NET, and SERT. Synthetic cathinones block these receptors and
transporters which, in turn, leads to an accumulation of monoamines such as dopamine, serotonin and
noradrenaline in the synaptic cleft [L[251(26127]128][291130] ' Afterwards, distribution occurs throughout muscle, fat, and
skin accounting for the redistribution of some drugs. Several factors condition this process, such as the ability of
the substance to bind to plasma proteins and tissues, cardiac output, blood flow and capillary permeability, and

local pH. In general, synthetic cathinones tend to bind poorly to plasma proteins &1,

Synthetic cathinones are subjected to phase | and Il metabolism, mostly mediated through cytochrome P450.
Notwithstanding, cathinones are also found non-metabolized in urine (931l Chemical structure determines the
main metabolic pathways for each substance . According to the EMCDDA, there are still few studies regarding
ring substituted cathinones, pharmacokinetics and pharmacodynamics. Although, some studies with methcathinone
in rats and humans indicate that N-demethylation and hydroxylation of keto groups and oxidation of alkyl groups in
the ring are common pathways 24, Nevertheless, the fact that metabolism varies according to structures and that it
is dependent on numerous other factors leads to an increased complexity, which results in a higher risk and

unpredictable consequences when these substances are consumed simultaneously with others [L[251[26]127]28][29]
(301,

Average half-life times have been reported for some of these substances, for instance between 1.5 and 4.3 h for
cathinone [221(33],

Several pharmacodynamics and pharmacokinetics studies have been conducted using animal models. Novellas et
al. identified the elimination half-life time of MDPV to be around 1 h 4], Even though in vivo studies in humans are
less common, mephedrone was described by Papaseit et al. as having an average half-life of elimination of 2.15 h,
following administration of 200 mg doses to humans. The maximum concentration in plasma was reached in 1.25
h, and this substance was undetectable after 24 h 5],
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In phase | metabolism, the formation of hydroxyl metabolites is one of the most common and major metabolic
pathways. N-dealkylation is the major metabolic pathway for cathinones presenting N-alkyl groups, whereas for
methylenedioxyphenyl cathinones, some metabolites will result from demethylation followed by O-methylation.
For N-pyrrolidine cathinone derivatives, most metabolites will result from hydroxylation followed by
dehydrogenation. The resultant compound is then further metabolized originating an aliphatic aldehyde [€l.

Glucuronidation is a common way of phase Il metabolism.

In 2015, Negreira et al. using microsomes of human liver concluded that methedrone is metabolized via N-
demethylation, O-demethylation, and hydroxylation of the aliphatic side chain, as well as reduction of the 3-ketone
moiety 7. Kamata et al. reported metabolic pathways for methylone in both humans and rats, in which the p-
ketone moiety reduction was not observed. The authors reported that, although a percentage of the dose was
excreted unchanged, processes of N-demethylation and demethylenation, followed by O-methylation occurred. The
most common metabolites in urine were 3'-hydroxy-4'-methoxymethcathinone and 4'-hydroxy-3'-
methoxymethcathinone. Zidkova et al. reported for the same compound the metabolites 3'-hydroxy-4'-

methoxycathinone and 4'-hydroxy-3'-methoxycathinone in rat urine (81,

Concerning adverse effects, neurological, psychiatric, and cardiac systems are the most affected systems in the

body. Other effects may also occur, which can lead to multiple organ failure and death [22[21]i22](23]

The most common neurological and psychiatric effects include agitation and anxiety, cognitive disorders, visual and
auditory hallucinations, delusions, aggressive and erratic conduct, paranoia, psychosis, and seizures. Cases of
stroke, encephalopathy, coma, and convulsions have also been reported [349411[42]143] Concerning cardiac
effects, chest pain, hypertension, tachycardia, and cardiac arrest are documented L. Other body compartments
can be affected, namely the gastrointestinal and hepatic, hematological, and respiratory systems [22[21I[22][23] The
repeated use of these substances at high doses may cause craving, dependence, tolerance, and withdrawal
syndrome, and these effects have been documented [L[121[20]121]

There is little information concerning the pharmacology features and toxicity of these substances 4, which would
be important to help clinicians dealing with intoxications. This is particularly relevant in acute intoxications,
considering that the consumed substances are not known and several symptoms overlap with those induced by

other situations or drugs of abuse (amphetamines, cocaine, and MDMA) 1,

Because these substances are synthesized and sold in illicit markets, abusers do not precisely know what they are

ingesting, often leading to unwanted effects, overdoses, and death [B[441[45],

The first fatal case associated with the consumption of synthetic cathinones occurred in Sweden, in 2008, with
mephedrone. Later, several other fatal cases concerning this substance appeared, although in most cases other
drugs were also detected [171. The same happens with other synthetic cathinones, since they are usually consumed

in drug cocktails.
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In 2019, Vignali et al. reported a fatality of a 27-year-old man, and 1-phenyl-2-(pyrrolidin-1-yl)hexan-1-one (a-PHP)
was detected in several samples 8l In 2020, Adamowicz et al. reported a fatality of an 18-year-old man, in which
4-methyl-1-phenyl-2-(pyrrolidin-1-yl)pentan-1-one (a-PiHP) and 1-(4-chlorophenyl)-2-(methylamino)-1-propanone
(4-CMC) were present 474, Leligévre et al. also reported a fatality, in this case, a 39-year-old man, linked to the
consumption of synthetic cathinones in 2020. Several of these compounds were detected in postmortem analysis,
including 2-(ethylamino)-1-(4-methylphenyl)-1-pentanone (4-MEAP) and 1-(4-methylphenyl)-2-(1-pyrrolidinyl)-1-
hexanone (MPHP) [48],

| 2. Phenylethylamines

Phenylethylamines are derivative compounds of phenylethylamine (Figure 5), an organic compound and a natural

monoamine alkaloid that acts as a stimulant in the CNS, and can act as an antimicrobial agent 421591,

NH,,

Figure 5. Chemical structure of phenylethylamine.
Phenylethylamines include many compounds capable of producing stimulant and psychoactive effects.

Some of the first phenylethylamines were synthesized early in the last century. 1-(4-methoxyphenyl)-N-
methylpropan-2-amine, or P-methoxymethamphetamine (PMMA), for example, was first reported in 1938 B, Later,
during the last two decades of the 20th century, other phenylethylamine derivatives were synthesized, featuring
compounds from both 2C and D series. A major example is 2C-B, which derives from a natural phenylethylamine
52 Furthermore, in 1997, the studies of David Nichols’ team reported that the hallucinogenic effects of compounds
such as 2C-B or dimethoxybromoamphetamine (DOB) were more potent than other natural hallucinogenic
compounds 231, From that point on, several other phenylethylamines were synthesized, such as benzodifuranyl

substances 241,

2C series substances include compounds with aromatic ring substitutions such as [2-(4-ethyl-2,5-dimethoxyphenyl)

ethanamine] (2C-E) or 2C-B. D series substances include amphetamines with aromatic substitutions, such as [1-
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(4-iodo-2,5-dimethoxyphenyl)propan-2-amine] (DOI) or [2,5-dimethoxy-4-chloroamphetamine] (DOC). NBOMe
series contain an N-methoxybenzyl group, featuring compounds such as [2-(4-iodo-2,5-dimethoxyphenyl)-N-[(2-
methoxyphenyl)methyllethanamine] (251-NBOMe) or [2-(4-chloro-2,5-dimethoxyphenyl)-i-[(2-
methoxyphenyl)methyllethan-1-amine] (25C-NBOMe). The benzodifurans encompass a range of compounds, such
as [1-(4-bromofuro[2,3-f][1]benzofuran-8-yl)propan-2-amine]  (bromo-dragonfly) and [2-(4-bromo-2,3,6,7-
tetrahydrofuro[2,3-f|[1]benzofuran-8-yl)ethanamine] (2C-B-Fly), while other compounds belonging to the
phenylethylamines’ group are, for example, PMMA [B8I58]. The chemical structures of a few phenylethylamines are
presented in Figure 6 551581,

0 0 o o
NH, NH,
HN HN
Br
N N e 0
2C-E 2C-B
~ o o~ o~
0
I Cl
NH, 25|-NBOMe 25C-NBOMe
_0 NH, A
:@(\r | c ’ NH; NH,
Br (6} O
| O\ N
DOB DOI DOC O A\ 0
\ o) 0
Br Br
Bromo-dragonfly 2C-B-Fly

Figure 6. Chemical structures of several phenylethylamines.

Several substances from the referred series are yet to fall under international control, being regulated only in a few
countries 22, An important and relevant aspect of the consumption of phenylethylamines is shown in the NBOMe

series compounds. These substances are often sold as LSD, but have higher toxicity [56]

The consumption method varies with the specific type of phenylethylamines. Ingestion is the most common, but
phenylethylamines can also be insufflated, or taken as pills or capsules. Substances such as the 2C series are
found in other forms such as powders, liquids, and tablets (57, Phenylethylamines were the third most reported
group of NPS worldwide (437 cases), right after synthetic cathinones and synthetic cannabinoids (684 and 665

cases, respectively) 281,

Phenylethylamines are capable of inducing hallucinations, such as methamphetamine, cocaine, and other drugs,
as they mediate activity of several amine receptors 58] |n fact, a study from 1996 showed that DOI, a hallucinogen,

acts as a partial agonist of 5-HT,a receptors, involved in mediating the hallucinogenic effects of several drug
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compounds such as LSD B2, Compounds from the NBOMe series, such as 25I-NBOMe, have also been

recognized as agonists of 5-HT,, receptors 69,

Phenethylamines derivatives can also be used for therapeutic purposes, since they can affect several systems,
such as the serotoninergic, dopaminergic, and noradrenergic 811, Thus, these substances can be administered as
appetite suppressants, vasoconstrictors, bronchodilators, or calcium channel blockers 61621 and can be sold as

stimulants, hallucinogens, anti-depressants, anorectics, hormones, neurotransmitters, or bronchodilators (611631,

Concerning adverse effects, compounds from the D series have been reported as potential vasoconstrictors and
induce tachycardia, seizures, hallucinations, kidney failure, and others 3641 As for the NBOMe series, adverse
effects include cardiovascular problems, seizures, metabolic acidosis, and organ failure. As for the 2C series,
various clinical pictures have been reported for different patients, such as serotonin toxicity or sympathomimetic
syndrome 2. The symptoms are similar to other phenethylamines: hallucinations, euphoria, nausea, tachycardia,

and respiratory depression, for example [621[68],

Little information is available concerning phenylethylamines’ metabolism in humans. Several factors may influence
the pharmacokinetic profile of these substances, namely the user’s tolerance and toxicity or purity of the
compounds BT,

Theobald and Maurer 88 identified the metabolites of 2C-E in rat urine by gas chromatography coupled to mass
spectroscopy (GC-MS). The authors reported that the pathways responsible for the metabolization of the
compounds are O-demethylation, N-acetylation, and hydroxylation, and identified metabolites such as N-acetyl-2C-

E and trifluoroacetylated 2C-E.

As for the NBOMe series compounds, a few studies in vivo and in vitro have indicated that the main metabolic
pathways are O-demethylation, hydroxylation, and N-demethoxybenzylation for different compounds within the
series B0 A few examples are described in a study performed by Sulakova et al. 3, which identified the
compounds hydroxy-25CN-NBOMe (isomer 2), dehydro-25CN-NBOMe, and O-demethyl-25CN-NBOMe in human

liver microsomes.

The consumption of phenylethylamines poses a serious threat to public health worldwide due to their toxicity.

Serotoninergic syndrome, for instance, is one of the main dangers of phenethylamines consumption 2],

Several case reports concerning hospitalizations or fatalities have been published in the literature. Bromo-dragonfly
has been linked to several deaths in Scandinavia 22, Compounds from the 2C series such as [2-[2,5-dimethoxy-4-
(propylsulfanyl)phenyllethan-1-amin] (2C-T-7) have been linked to three fatalities in which a drug cocktail was

ingested 8. PMA and PMMA are the most common phenylethylamines to be associated with fatalities 281,

Concerning specific cases, Stellpflug et al. analyzed samples from a non-fatal case of an 18-year-old woman that
was admitted to the emergency department with seizures, tachycardia, agitation and hypertension associated with

the consumption of 25I-NBOMe 4. Still concerning this compound, a fatal case of a 19-year-old man was also
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reported [, Lastly, a recent example concerns a fatality of a 17-year-old man caused by the ingestion of 25B-
NBOMe 81,

| 3. Tryptamines

These substances are structurally similar to serotonin 4. Tryptamines have high affinity for 5-HT receptors, and
the induced hallucinations are mostly mediated by the 5-HT,, receptor 81, Some of these compounds also release

dopamine, serotonin, and norepinephrine 2,

Tryptamines occur naturally in plants, fungi, and animals L. They play a very important role in the human body,
since serotonin is a naturally-derived hormone involved in regulating the CNS, operating in the regulation of sleep,

cognition, memory, temperature, and behavior [80]

Ayahuasca is a hallucinogenic drink made from a plant called Banisteriospsis caapi, or an association
with Psychotria viridis. (BB The leaves of the latter are rich in DMT, a tryptamine that also exists in other plants.
This drink is normally used by the indigenous tribes of the Amazon jungle in religious rituals, and are also used to

treat depression, anxiety, alcohol, tobacco, and drug addiction [BLI[E21[83]

Other substances of this group can be found in Psilocibo spp. fungi, a type of mushrooms widely distributed that
has been used by indigenous people for sacred and therapeutic rituals in South America, India, Mexico, and
Australia. These mushrooms contain two main compounds: psilocybin and psilocin 8B4, These two substances
can be found in about 190 species of Psilocybe mushrooms 4. Psilocybin and psilocin have similar properties to
LSD, the reason why they became known worldwide as “magic mushrooms” [BLB4] psilocybin is also known for its
therapeutic potential, being effectively used in the treatment of resistant depression, as well as in the treatment of
anxiety and depression in cancer patients 483 Moreover, its therapeutic use has been suggested as effective

and safe for treating alcohol dependence and for tobacco smoking cessation (€8],

Another example of a natural hallucinogenic substance in this category is 5-hydroxy-N,N-dimethyltryptaline (5-OH-
DMT), a positional isomer of psilocin. This compound and its derivative 5-methoxy-N,N-methyltryptaline (5-MeO-

DMT) are the main psychoactive elements present in the venom of the American desert toad Bufo alvarius 28,

Lysergic acid amine or (8p3)-9,10-didehydro-6-methyl-ergoline-8-carboxamide (LSA), an analogous to LSD,
appears naturally in the seeds of Argyreia nervosa and Ipomoea violacea. The similarity in the structures of LSA
and serotonin has triggered interest for the application of LSA in the therapy of mental disorders and treatment of

alcoholism [Z8],

These natural compounds attracted attention of drug developers, who, by changing their chemical structure,
created NPS. Many of these new compounds are not objects of animal or human studies, their acute or long-term

effects are not known, and neither are their possible interactions with other substances or toxicological risks; this
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lack of information poses a public health risk. /8. These drugs are sold worldwide through the internet, and are

used as cheaper substitutes for classic hallucinogens 29,

Serotonin and tryptamine are structurally very similar (Figure 7).

NH.
HO
\ MNH
N HN— . R,
H R,
Serotonin Tryptamine Tryptamine derivatives

Figure 7. Chemical structures of serotonin, tryptamine, and tryptamine derivatives.

Tryptamines derive from the decarboxylation of tryptophan. This produces the indole ring typical of these

compounds, which gives them the name of indolealkylamines [,

Minor additions and modifications to the structure of indolealkylamines provide a virtually infinite supply of new

tryptamine structures.

The main characteristic of the structure is the indole moiety of the molecule, which is responsible for the
hallucinogenic properties. The changes in positions R4 and R5 are those that tend to create most compounds [Z8],

Some of these compounds’ chemical structures are represented in Figure 8.
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K/\N/ Figure 8. Examples of trydW\N/
H H

There is currently little information on the metabolic pathways or enzymes involved in the metabolization process of
tryptamines (74, Concerning A Tless than 1% is eliminated unchanged inArEnI, being widely metabolized. Five
metabolites were observed in urine: 2-0xo-LSD, 2-oxo-3-hydroxy-LSD, N-demethyl-LSD, and 13- and 14-hydroxy-
LSD glucuronide. Psilocybin is dephosphorylated, originating from psilocin, its active metabolite. It subsequently

undergoes new metabolization to form 4-OH-IAA (acetic 4-hydroxyindol acid) and psilocin O-glucuronide [Z8],

Other tryptamine derivatives such as 5-MeO-DMT, 5-OH-DMT, and DMT undergo MAO-A mediated metabolization.
The metabolic pathway of DMT catalyzed by MAO-A is not the only one. Some metabolites have been found in
human urine and blood, such as N-methyltryptain (NMT), 2-methyl-1,2,3,4-tetra-hydro-beta-carbolin (2-MTHBC),
and 1,2,3,4-tetra-hydro-beta-carbolin (THBC). These are, however, minor metabolites. DMT-N-oxide (DMT-NO) is a

biotransformation product by N-oxidation, N-demethylation, and cycling, after oral administration of ayahuasca 8.

When administered orally, substrates for MAO are rapidly metabolized, losing their hallucinogenic activity. This
leads users of DMT and 5-MeO-DMT to also consume MAO inhibitors. Thus, ayahuasca also contains 3-carbolines
to obtain this effect. The metabolic pathway of MAO is reduced, increasing the psychoactive effect of these
compounds 28,

5-Methoxy-diisopropyltryptamine (5-MeO-DiPT), a recent derivative of tryptamin, is metabolized by three distinct
metabolic pathways. The first is O-demethylation; the second by hydroxylation and methylation; and the third by N-
desalkylation [Z8],

The easy access to these substances is a public health problem, as they are available on the internet, in nightclubs
and raves, which seems to be a growing market. From insignificant to significant quantities, different substances

are being sold worldwide, and usually, users do not know what they are buying 7.

Psilocybe mushrooms are usually consumed as infusions or eaten raw. The dose of psilocybin per mushroom
varies, and so do the effects (8],

Tryptamines can be taken orally, intramuscularly, or intravenously, but they can also be smoked B9, These different
routes of administration depend on the substance or on the consumer’s preference 8. For instance, DMT, is not

active orally, so it is usually smoked or administered intramuscularly, subcutaneously, or intravenously [,

The route of administration influences the onset and duration of action. Psilocybin has an onset of action of 20—40
min and a duration of 4-6 h when administered orally, but when administered intravenously, this onset is much
faster (1-2 min), and the effects last up to 20 min Z, Tryptamines are known to have a short duration of action,
which encourages repeated consumption. This results in higher consumption habits, increasing the risk of
dependence 2,
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The popularity of synthetic tryptamines has been increasing due to their similarity to LSD at a reduced cost 78],
According to the 2019 Global Drug Surveyreport, about 40% of drug users consume these substances, and
tryptamines are the class with the highest increase in use. The most used substance in this family is LSD (17.5%),

followed by psilocybin, or magic mushrooms (14.8%), DMT (4.2%), magic truffles (3.3%), and ayahuasca (1.1%)
i)

The European Drugs Report states that the prevalence of LSD and magic mushrooms among young adults (15-34
years) in the EU has values below 1% for both substances. However, there are exceptions for psilocybin
mushrooms. Finland (2%), Estonia (1.6%), and the Netherlands (1.1%) are the countries with the highest
prevalence of this drug. Concerning LSD, the country with the highest prevalence of use is Finland (2%), followed
by Estonia (1.7%) (22!,

As also happens with other NPS, the chemical constituents of the product are rarely fully described, or the
information may be incorrect. Thus, there are risks associated with consumption and a possibility of overdose upon
repeated administration 7.

The effects of tryptamines include visual hallucinations and mental and perception changes, such as
hypersensitivity, perception of physical and temporal space, feeling of unreality and altered personality, as well as
distortions, illusions, and auditory, visual, and sensory hallucinations (z8],

Other neurological effects may also occur, such as clonus, ataxia, hyperreflexia, agitation, psychosis, delusions,
paranoia, excitability, anterograde amnesia, cataplexy, and confusion. They can also induce tremors, seizures, and
panic reactions (which can be called “bad trips”), depressive psychotic effects that usually occur in consumers with

existing psychopathologies 8],

Hallucinations or changes in perception can appear days, months, or even years after tryptamine consumption
(“flashbacks”) 28],

Tryptamine users may exhibit physiological health changes, such as increased heart rate, hypertension,
tachypnea, hyperthermia, rhabdomyolysis, renal failure, trismus, euphoria, anxiety, diarrhea, abdominal cramps,

sweating, vomiting, palpitations, drowsiness, dysphoria and mydriasis 8!,

There is no evidence that the consumption might pose a life-threatening risk due to cardiovascular, renal, or

hepatic changes, as these substances do not have much affinity for the receptors present in these systems 28],

However, when the body is exposed to both tryptamines and IMAO, harmful results may occur. By prolonging the
effects of tryptamines due to the inhibition of MAO, hyperserotonergic effects may occur, as well as serotonin

toxicity. These phenomena occur due to the agonist behavior of tryptamines and IMAO 28],

Although not commonly directly associated with death, risks can trigger situations and induce behaviors that lead

consumers to put themselves at risk 8],
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Some data reveal that the use of these drugs may be beneficial for the treatment of psychiatric conditions,
emotional stress, tobacco dependence, and depression. LSD (34.1%), magic mushrooms (20.4%), ayahuasca
(3.9%), DMT (2.4%), and 5-MeO-DMT (0.2%) are the most commonly used tryptamines in these cases 87,

Bilhimer et al. 88 reported a case of a 25-year-old man who was submitted to the emergency room after
consuming a tea purchased on the internet, that contained ayahuasca. Laboratory findings indicated a Creatine
Kinase concentration of 895 IU/L, a white blood cell count of 20 K/mm?, and positive urine immunoassay for

amphetamines. A later analysis showed a concentration greater than 2000 ng/mL in the urine sample.

Honyiglo et al. B reported a case of an 18-year-old French man who ingested magic mushrooms. The victim
assumed unusually aggressive and excited behavior and had an increased urge to jump off the balcony, which he
followed up with and died. The autopsy results determined that the cause of death was multiple trauma, secondary
to an accidental high fall under the influence of psilocybin mushrooms. The toxicological analysis
in postmortem samples revealed that consumption around 5 g of dried magic mushrooms had occurred a few
hours before death. A total psilocin concentration of 2.230 ng/mL was found in urine samples, 60 and 67 ng/mL in
peripheral and cardiac blood respectively, bile (3102 ng/mL), and vitreous humor (57 ng/mL). In addition to psilocin,
other substances such as THC (1.34 ng/mL), OH-THC (0.53 ng/mL), and THC-COOH (1.88 ng/mL) were found.

Attema-de Jonge reported the case of two young men, 25 and 32 years old, who showed signs of self-mutilation
with knives after consuming psilocybin mushrooms. One of them also ingested cocaine, cannabis, and alcohol,

which together with these tryptamines can increase the risk of dangerous behavior 29,

Sklerov et al. 1l reported a case of a 25-year-old man, who was found dead the morning after the consumption of
an extract of herbs containing B-carbolines and hallucinogenic tryptamines. Toxicological reports identified DMT,

tetrahydroharmine, harmaline, harmine, and 5-MeO-DMT, which was the substance with the highest concentration.

| 4. Synthetic Cannabinoids

Synthetic cannabinoids, also known as synthetic cannabinoid receptor agonists (SCRA), were laboratory created,
with intention for use as therapeutic pharmaceuticals 2. Several compounds were synthesized during the 1970s
of the last century by the pharmaceutical industry and academic/research laboratories, and their names came from
the person or institution responsible; for example, the JWH family was synthesized by John W. Huffman, while HU-
210 was synthesized at the Hebrew University in Jerusalem. More than 450 SCRA were synthesized over the
course of 20 years 221, but their recreational use only emerged in the 2000s [£2],

Nowadays, these substances are mostly classified according to their chemical structures 24, According to the
EMCDDA, seven major groups of SCRA exist, namely naphthoylindoles, naphthylmethylindoles, naphthoylpyrroles,
naphthylmethylindenes, phenylacetylindoles, cyclohexylphenols, and classical cannabinoids [£3. Structural
changes are made to SCRA molecules forming new substances. Therefore, it is natural that alterations made on a

single molecule can originate several others. Inside the aminoalkylindole group (Figure 9), it is possible to find
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other subgroups, such naphthoylindoles, where changes made in the R group can originate from substances of the
JWH family, for example JWH-018 and JWH-073, among others. On the other hand, if alterations are made on the
central molecule of the benzoylindoles subgroup, it is possible to obtain RSC-4 or AM-694. In the same way, if the

R or R1 is modified in the indole carboxamide subgroup, we can obtain APICA or even 5F-APICA substances.

Cyclopropoylindoles

Indoles Carboxamides

Figure 9. General chemical structures of some aminoalkylindoles subgroups: naphthoylindoles, benzoylindoles,

cyclopropoylindoles, and indoles carboxamides.

Information concerning the classification of SCRA can be found in the UNODC document about recommended

methods to identify these compounds in seized materials (28],

These compounds are sold illegally, usually added to plant materials (crushed leaves), wrapped in aluminium foil—
herbal mixtures—but can also be sold in a solid or oily form, if in their pure state 3. Comparative to cannabis,
these substances are essentially smoked, but oral use has been reported, and less commonly, injections. Recently,
e-liquids are also available [BZIR8IR9I1001 |t js common, in prison surroundings, to soak papers or tissues with
SCRA, and then smoke them with tobacco or vape them using electronic cigarettes 1911021 Nowadays, it is
possible to acquire these substances on online markets (darknet), through drug “dealers”, or even by exchanging
products with other consumers 292,

An UNODC report from 2021 indicated that 29% of NPS monitored from 2010 to 2020 were SCRA 193] |n the EU
alone, 209 new SCRA were identified from 2018 to 2020 224, Such numbers pose a major concern in terms of
legislation and public health, because most of these compounds are synthesized with impurities, contaminants,
and adulterants (24111051 The same UNODC report showed that 16% of fatalities associated with NPS, were due to

the use of SCRA. These substances are mainly used by adolescents and young adults, due to their interest in
cannabis [L06I[107]108]

Chemically, SCRA are structurally different from THC. Still, they are lipophilic and nonpolar 4. Knowing
pharmacokinetics and pharmacodynamics properties of SCRA is key to further understand the obtained results

from case reports and others 199 SCRA produce physiological and psychotropic effects, varying in duration and
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severity. However, little is known about the pharmacology and toxicology of them and metabolites, with few studies
made in humans 24, SCRA metabolism began to be under focus in the early 2000s [L1O11I[112] | the same
decade, Sobolevsky et al. were able to first identify JWH-018 metabolites in human urine samples of three
individuals who confessed to have smoked at the very maximum 1 g of “Tropical Synergy” 113, Authors were able
to detect 13 metabolites and concluded that these metabolites, even the phase | metabolites and phase Il
metabolites, are excreted through glucuronidation reactions 113, |t is important to trace metabolites, since JWH-
018 is not detected in urine [114], Recently, Toennes et al. [115] also studied the metabolism of JWH-018 in human
serum samples. By using a 2 mg and 3 mg dose of this substance, the estimated half time of distribution is 0.40 h
and 0.45 h, respectively. In addition, concentrations in JWH-018 reached their maximum blood concentration within
minutes after intake. In this work the authors were able to detect JWH-018 pentanoic acid, JWH-018 N-(3-
hydroxypentyl), JWH-018 N-(4-hydroxypentyl), and JWH-018 N-(5-hydroxypentyl) metabolites in urine. Moreover,
the t1,, of distribution of the studied metabolites ranges from 0.61 to 1.23 h, when consuming a 2 mg dose of JWH-
018 and 0.58 to 1.10 h when 3 mg of the same substance was inhaled 1131, |n fact, glucuronidation is the preferred
route for excretion of these substances, originating their metabolites [18I117118] Fyrthermore, human uridine
diphosphate-glucuronosyltransferase (UGT) is responsible for this mechanism 27, Kong et al. 222 and Abbate et
al. 1291 symmarize the metabolism of JWH-018 and Chimalakonda et al. 221 describe the metabolism of JWH-018,
as well as AM-2201 with its main metabolites. In a study about the metabolism of 5F-AB-P7AICA, Giorgetti et al.
(2221 proposed a metabolic pathway. After self and controlled administration, it was possible to detect a peak of the
compound in urine samples, suggesting that this compound can be monitored without considering its metabolites.
Moreover, 10 metabolites were confirmed in urine. The parent compound originated from hydroxylated,
dehydrogenated compounds, as well as the metabolites originated from hydrolytic defluorination and amide
hydrolysis 1221,

Cannabinoids and SCRA exert their effects on the endocannabinoid system, mainly in the cannabinoid receptors 1
and 2 (CB; and CB,), yet with higher binding affinities 123,

Data are limited about adverse effects and intoxications associated with the consumption of SCRA, because of
their constant structural changes, which culminates in different potencies, efficacies, and duration of action.
Nonetheless, studies were able to demonstrate effects of such compounds, for instance, seizures,
tachyarrhythmia, anxiety, hallucinations and confusion, mydriasis, drowsiness, hypo and hypertension, and
vomiting. 124111251 Headaches, slowed speech, sweating, aggressiveness, lethargy and slowed speech have also
been reported for other SCRA [1281 Cardiovascular effects as arrhythmias, cardiac arrest, cardiomyopathy,
coronary thrombosis, acute myocardial infarction, and vasculitis have been reported [1271(128[129][130] A 34-year-old
male died after consuming 5-Fluoro-ADB and was submitted to autopsy 231, The target compound was found in
various matrices, including adipose tissue and heart muscle, but not in urine or blood fluids. The highest
concentration was reported in adipose tissue, 7.95 ng/mL, followed by stomach and brain, with 3.18 ng/mL and
1.90 ng/mL, respectively. Less than 0.5 ng/mL was reported in lung, liver, and skeletal muscle. After inhalation, and
loss of consciousness, death was due to cardiopulmonary arrest. A year later, the same authors were able to
perform a trial identification of 5-fluro-ADB-PINACA and MAB-CHMINACA, except for urine, in which MAB-
CHMINACA was not detected. Concentrations found ranged from 6.05 ng/mL to 156 ng/mL, the highest
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concentration was detected in liver tissue, followed by kidney and pancreas 132, Minakata et al. [133] determined 6
SCRA (AB-PINACA, AB-FUBINACA, AB-CHMINACA, MAB-CHMINACA, and 5F-AMB NS 5F-ADB) in the urine of
three different cadavers. AB-PINACA and AB-FUBINACA were found in victim 1, with concentrations of 23 pg/mL
and 10 pg/mL, respectively. Moreover, 239 pg/mL of AB-CHMINACA was detected in victim 2 and 229 pg/mL MAB-
CHMINACA in victim 3. 5F-ADB was found both in victim 2 and 3, with concentrations of 19 pg/mL, each (133],
Three fatal cases involving 5F-ADB, 5F-PB-22, and AB-CHMINACA were reported by Angerer et al. 134l |n this
case, it is widely believed that death was due to consumption of these substances, as well as concomitant use of
ethanol in two of the cases. In the other, toxic effects of antidepressants and 5F-ADB are thought to be the cause
of death (2241, Another study hypothesized that SCRA consumption could be related to diabetic ketoacidosis and
ultimately death 1351, Blood samples were collected and AB-CHMINACA, AB-FUBINACA, AM-2201, 5F-AMB, 5F-
APINACA, EAM-2201, JWH-018, JWH-122, MAM-2201, STS135, and THJ 2201 were detected by liquid
chromatography tandem mass spectrometry (LC-MS/MS). The 25-year-old victim had a drug consumption history.
Apart from the mentioned SCRA and medicinal drugs for diabetes (insulin), no other substances were detected.
Allegedly, the cause of death was due to SCRA consumption and the lack of consumption of insulin, since high

levels of glycosylated hemoglobin and acetone were detected in blood 135,

| 5. Phencyclidine Analogs

Phencyclidine-like substances belong to the arylcyclohexamines family, a group of chemicals considered to be

dissociative hallucinogens, which have structures similar to those of PCP and ketamine (Figure 10).

AQ (NH QS (st, Q

TCPy PCPy

4-Me-PCP 4-Me-PCP 3-HO-PCE

PCMo
L D e Lo (o
(Nj 0— // N 0— NH
3-MeQ-PCP 4-MeQ-PCP 3-MeO-PCPy 3-HO-PCP 3-MeO-PCE

Figure 10. (A) Phencyclidine (PCP) and examples of first-generation analogues that appeared on the streets
between the 1960s and 1990s. (B) Phencyclidine analogues that appeared as a new psychoactive substance in

recent years.
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PCP was first synthesized in 1956 as an intravenous anaesthetic for humans, being approved by the FDA in 1957
and sold until the late 1960s. However, it was withdrawn from the market due to adverse psychological effects that
were often disturbing and sometimes severe and prolonged [£36I[137][138][139)[140][141] |t was reintroduced as an
animal tranquillizer in the late 1960s 138111401142 The first report of recreational use of the drug was in the late
1960s in San Francisco under the name of “peace pill” 142, Even though PCP was the first synthesized
arylcyclohexylamine, other compounds had been reported before. For example, 1-(1-phenylcyclohexylamine)amine
(PCA) was first stated in 1907, in 1953 N-ethyl-1-phenylcyclohexylamine (PCE) was investigated, and 1-(1-
Phenylcyclohexyl) morpholine (PCMo) in 1954 [127],

Approximately 14 analogues were reported between 1960 and 1990. Since then, many more have been published.
Still, the use of three compounds was prominent, considered to be in the first generation of phenylcyclohexyl
analogues: PCE, TCP, and 1-(1-Phenylcyclohexyl) pyrrolidine (PCPy) [138]1137][142][143]

The use of PCP has declined since the 1980s. Although it remains popular and its consumption is increasing,
especially for nightclub attendees, it essentially is confined to the United States and Canada, with occasional
reports in the European Union [S8ILS7IA39] According to the Drug Abuse Warning Network, in 2011, there were
75,538 emergency department visits, most of which were due to combinations with other drugs, such as marijuana,
cocaine, painkillers, and anxiolytics. Two deaths from PCP were reported in 2012, according to the American

Association of Poison Control Centers [1381[144]

To date, there is no international protocol for controlling these drugs. Nonetheless, there are specific European
countries (e.g., France or Germany) with laws that banned PCP by the narcotics act [242l146] Since phencyclidine-
type substances are most common in the United States, PCE, PHP, PCPY, and TCP are controlled in Schedule | of
the 1971 Convention 244 while PCP, PCC, and PCA are controlled in Schedule Il of the 1978 Convention [237],

A critical review on ketamine and other phencyclidine analogues was published by Vargas et al. [141],

Ketamine was created in 1962, and subsequently commercialized in 1969. There is no evidence of long-term
neurotoxicity or prolonged unfavorable psychological effects when used in a controlled clinical setting. This
analogue is popular worldwide and has several therapeutic applications, including general anaesthesia, analgesia,
depression, psychiatric treatment, and veterinary use [1371140][142][143][148] |5 2019, the FDA approved a new nasal

spray medication for the treatment of depression, containing esketamine, an S-enantiomer of ketamine 149,

The first report of ketamine use for its psychedelic effects was in 1971. lllicit ketamine is commonly named “Special
K”,” Ket”, “vitamin K", and is often found as a white crystalline powder or pharmaceutically packaged injectable
solution and is usually inflated, injected, or less commonly, consumed orally 237, |t is often adulterated by the
addition of caffeine, MDMA, heroin, or cocaine 242l Ketamine is highly lipid-soluble; therefore, distribution to the
CNS is enabled. It has a half-life of 3 h, binding affinity of about 10-30% to proteins and its oral bioavailability is
17% 142, The onset of action of ketamine and methoxetamine (a new derivative) is rapid following intravenous and
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intramuscular administration, with effects apparent after 1 min and 5 min, respectively. After nasal insufflation, the

onset of action is up to 30 min, being up to 30-90 min. for methoxetamine [142],

Ketamine is metabolized primarily by the CYP2B6 isoenzyme, with contributions from CYP3A4 and CYP2C9.
Ketamine’s main metabolic pathway is N-demethylation to norketamine, its primary metabolite, which has one-third
the potency of ketamine. Norketamine undergoes hydroxylation on the hexanone ring, and subsequent

glucuronidation to more water-soluble metabolites that are excreted in the urine and also in the bile 142,

The increasing reports of urotoxicity associated with the chronic use of ketamine in high doses have led to the
emergence of methoxetamine [137]1142](150]

Methoxetamine (Figure 11) is a derivative of ketamine and has similar effects; therefore, the potential for abuse is
also high. It has been suggested that methoxetamine may share the same neuropharmacological properties as

NMDA antagonist and dopamine reuptake inhibitor 259,

Cl O—

NH NH
\ Neaee

O O
Figure 11. Chemical structure of ketamine and methoxetamine.

Methoxetamine first appeared in 2010 and was widely marketed by “major stores” on the internet, which led to
several reports of hospitalization [1271142l[150] Several routes of administration are possible, including intramuscular,
oral, inhalation, rectal, or intravenous. So far, the metabolism of methoxetamine is not completely known, but it
appears that CYP2B6 and CYP3A4 are involved. The primary metabolite, normethoxetamine, results from N-
deethylation and undergoes hydroxylation and glucuronidation to form the more water-soluble
hydroxynormethoxetamine glucuronide. These metabolites are consistent with those found in urine samples from

analytically confirmed methoxetamine cases 142,

Both ketamine and methoxetamine have similar effects, considered positive effects such as euphoria and having a
sense of calm and serenity, neutral effects such as distortion or loss of sensory perception, and harmful effects
such as severe dissociation, depersonalization, loss of consciousness, nausea, and vomiting (150][151] According to
Botanas et al. 232 MXE and enantiomers have antidepressant effects via glutamatergic and serotonergic

mechanisms, as also happens with ketamine,.
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The synthesis of 4-MeO-PCP dates back to 1965 as part of a systematic search for PCP analogues with potential
clinical use [1361142]1146] The first signs of underground 4-MeO-PCP experimentation began to surface in 1999, but
it was not until about 2008 that it arrived in online shops as one of the first dissociative drugs 238!, 4-MeO-PCP is
available as powder or tablet, is active via the oral and parenteral routes, and is reported to induce dissociative
effects, but with substantially reduced potency relative to PCP and 3-MeO-PCP [138]1139[146] They also present
appreciable affinities for the serotonin transporter and high affinities for sigma receptors 148, The dosage of 4-
MeO-PCP is much higher compared to others, as the usual oral dose can be up to 250 mg. This difference in drug
activity between isomers can be responsible for acute and severe intoxication in case of confusion by addicts 146l
3-MeO-PCP became available online as a research chemical in 2011 [139][142][146] |t js known that 3-MeO-PCP is a
more potent NMDA receptor antagonist than PCP, presenting almost three times the affinity 1371[13911142] They also
present appreciable affinities for the serotonin transporter and high affinities for sigma receptors 226l 3-MeO-PCP
is available as powder or tablets and is commonly administered orally but can also be injected, snorted, or smoked.
Sublingual, intramuscular, and rectal administration have also been reported [1371139]1146][153] 'E|imination has been
estimated to be approximately 11 h 1281 Abuse doses are usually between 5 to 20 mg. Duration of effects has
been reported to be of approximately 4.5 h, with onset within 30 min after oral ingestion and a peak at
approximately 2 h 139 |t produces many adverse effects, including psychosis, confusion, violent behavior,

hypertension, tachycardia, suicidal impulses, and coma to death 148,

| 6. Synthetic Opioids

Opioids cause anesthetic and depressant effects; however, their recreational use has been of public health
concern 1241 According to the UNODC report from 2013, up until this date, the only opioid in the spotlight among
NPS was O-desmethyltramadol (the main active metabolite of tramadol) that was consumed together with kratom
[58I[155] Novel synthetic opioids, or simply synthetic opioids, include fentanyl and analogues, but compounds such
as tramadol, methadone, pethidine, ketobemidone, levorphanol, dextromoramide, dipipanone, and others are also
included in this category. However, the majority of these are already under regulation policies, which is not the case
of most abused substances 154l Amongst recent fentanyl analogues, the WHO highlights acetylfentanyl,
butyrylfentanyl (or butyrylfentanyl), acryloylfentanyl (or acrylfentanyl), carfentanil, furanylfentanyl, and ocfentanil
(1561 Most common non-medical abused substances include fentanyl analogues, and benzamide opioids, such as
AH-7921 and U-47700, and others such as MT-45 and W-18, which are piperazine opioids (1571 Sometimes, these

substances can be found in counterfeit opioid pills, or other pills that imitate benzodiazepines, and heroin [258],

Fentanyl was produced in the 1950s 15811159 5iming at finding molecules with good therapeutic properties, but with
less undesired side effects (189, Firstly, it was established to be medically used, as it is still today, for chronic pain
treatment and intraoperative analgesia (18911611 (J-47700 and AH-7921 are isomers and were synthetized in the
1970s with the purpose to replace classic opioids, but their production was abandoned due to addictive effects [138],
Although it was first produced in the 1970s, MT-45, or IC-6, first appeared on an EMCDDA report only in 2013 [162]
[163][164] Novel synthetic opioids are responsible for the worldwide opioid crisis, with special incidence in the United
States [63I166I167] | fact, from 2009 to 2019, a total of 77 NPS with opioid effects were reported by the UNODC
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(1671 This phenomenon poses a challenge to public health authorities, as well as legislative authorities to avoid the

dissemination, dependence, overdoses, and inappropriate use of these substances.

Synthetic opioids are basically categorized into fentanyl and analogues, and non-fentanyl structured compounds
[168] The former may be further divided into pharmaceutical fentanyls, which include fentanyl, for example, alfentanil
and sufentanyl; and non-pharmaceutical fentanyls, which include fentanyl analogues and designer fentanyls, for
instance ocfentanyl and bythyrfentanyl (163, Fentanyl, an analgesic analogue of phenopiperidine, is presented

on Figure 12.

Figure 12. Fentanyl (N-(1-phenethylpiperidin-4-yl)-N-phenylpropionamide).

Fentanyl analogues (Figure 13) followed fentanyl synthesis and were implemented in veterinary medicine, namely
sufentanil, alfentanil, remifentanil, and carfentanil. Other analogues include acetylfentanyl, acryloylfentanyl, a-
methylfentanyl, 3-methylfentanyl, furanylfentanyl, cyclopentylfentanyl, and ocfentanil 279, However, carfentanil is

the most used recreationally (58],
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Figure 13. Chemical structures of a few fentanyl analogues: sufentanil, butyrylfentanyl, carfentanyl, 4-fluoro-

butyrylfentanyl, acetylfentanyl, and ocfentanil.

Substances such as AH-7921, U-47700, and analogues, MT-45, W-18, W-15, and IC-26 (analogue of methadone),
are part of the non-pharmaceutical fentanyls family (171)[L72] (Figure 14). The selling of these new synthetic opioids

occurs mostly online 1581,
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Figure 14. Chemical structures of isomers AH-7921 (A), U-47700 (B) and MT-45 (C).
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It is not easy to estimate the prevalence of novel synthetic opioids, since the drug market is constantly changing
(172 Oxycodone is a semi-synthetic opioid, used medically, but its recreational use and abuse has been reported
[173], Commonly found in blotters, herbal smoking mixtures, fake medicine tablets or pills, these substances can be
swallowed, inhaled (the vapors of heating the tablet), sniffed or even dissolved in water, and injected [XZ4IL75][176]
(1771 Furthermore, fentanyl is also available in the form of patches. Nonetheless, the misuse of such patches can
lead to toxicity; rectal insertion is an example 78, An increase in use of nasal sprays and e-liquids used in

electronic cigarettes is also a concern to consider about these substances 179,

From 2009-2020, over 65 new opioids were detected in Europe, and between 2012 and 2020, the vast majority
were fentanyl derivatives. Moreover, in 2020, a report from EMCDDA included isotonitazene, a non-fentanyl
synthetic opioid that can cause acute respiratory depression, leading to death (2], This substance was placed
under international control in 2021 [031 |n fact, synthetic opioid abuse continues to increase while other
substances decline 193], |n 2020/2021, a total of 397 port-mortem cases were reported by the UNODC, and 14%
fatalities were due to synthetic opioids. Moreover, 63% of reported cases involving these substances were due to
the consumption of acetylfentanyl and 11% to carfentanil. Furthermore, nitazene opioids have recently been
reported by the UNODC EWS 1931 Undoubtedly, fentanyl precursors are emerging in the European market, with
more than 33 kg of N-phenethyl4-piperidone (NPP) seized in Estonia. Other precursors, namely 4-piperidone
monohydrate and 1-anilinopiperidine, were also seized in European countries. In 2018, around 70% of the reported
opioids were fentanyl derivatives 282, The consumption of these compounds often leads to death, with few clinical

admission scenarios 1811,

It is documented that these novel synthetic opioids have a higher potency than morphine 283, Moreover, opioids
are known to wield their effects on opioid receptors, which mediate the actions of exogenous opioids. Similar to
SCRA, the mechanism of action on these receptors is through G proteins, thus, mediating adenylyl cyclase by
activation or inhibition 182, Fentanyl and analogues are full agonists of p-opioid receptors, estimating that fentanyl
alone can have a potency of almost 50 to 100 times of that of morphine, while carfentanil has a potency 10,000
times higher than morphine and 100 times higher than fentanyl [238l1691 After intravenous administration of
fentanyl, respiratory depression can be reached within 2 to 5 min [283l, The elimination half time of this compound is
219 min. After about 7 to 13 min, maximal serum concentrations are reached, when this compound is administered
intranasally, with effects lasting about 1 to 2 h [184l185] Bijotransformation in the liver, by cytochrome P450
isozymes (CYP3A4), originates from norfentanyl 1861871 These isozymes are also involved in the metabolization
of carfentanil (CYP3A5, CYP3A4, CYP2C8, and CYP2C9), forming different metabolites [188],

In 2017, Watanabe et al. 189 predicted the structures of metabolites of acetylfentanyl, acrylfentanyl,
furanylfentanyl, and 4-Fluoro-Isobutyrylfentanyl. The authors analyzed human urine samples to perform an in vivo
analysis, and incubated the drugs with human hepatocytes for the in vitro analysis. The combination of these
analyses allowed for the determination of 32 acetylfentanyl metabolites, a total of 14 acrylfentanyl metabolites and
the same number of furanylfentanyl, and 17 4-fluoro-isobutyrylfentanyl metabolites. Metabolites of phase Il were

mostly observed for acetylfentanyl 189, Recently, it was possible to identify in vitro ocfentanyl metabolites 199, A
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total of four metabolites were produced and results suggested that O-desmethylocfentanyl was the most abundant

metabolite. A glucuronidated metabolite was also produced 129,

AH-7921 can act as agonist of two opioid receptors (4 and k) and possesses a high addictive potential LZ0IL1],
There are not many studies about this substance; however, Swedish authorities have reported intoxications and
deaths associated with the concomitant consumption of this substance and other psychoactive compounds 2211, |n
a review article about novel synthetic opioids, Prekupec et al. 1221 summarized that AH-7921 opioid can be
consumed orally from low to high doses. Its effects last from 6 to 8 h, and after this period, effects can be observed

up until 6 h 192 Furthermore, high doses are considered from 25 mg or higher.

U-47700, the analogue of AH-7921, is considered to have a higher affinity to the p-opioid receptor when compared
to the other opioid receptors (1231, Furthermore, the normal dose of this compound is around 7.5 to 15 mg, and it is
approximately 7/8 times more potent than morphine [1821192]i194] 'MT-45 s an agonist to & and k-opioid receptors
[164] \When consumed intravenously, it can be 11 times more lethal than morphine 184, A recent study aimed to
obtain a pharmacological characterization of MT-45 in mice 193 Once again, studies in humans are lacking and

they are fundamental to assess the risks of such compounds.
Effects can be observed in the CNS, but cardiovascular and pulmonary effects have also been reported [128],

Sinicina et al. 1271 have reviewed postmortem cases related to fentanyl. The authors reported that from 2005 to
2014, 242 overdoses in Bavaria, Germany, were related to fentanyl, and, in most cases, this substance was
obtained via transdermal patches. The mean concentration in femoral blood was 16.9 pg/L 127, On a Swedish
project called STRIDA, it was possible to observe intoxications due to intake of different novel synthetic opioids
(acrylfentanyl—mainly through nasal sprays, 4-fluoroisobutyrfentanyl and tetrahydrofuranfentanyl) (1281 The
reported symptoms were anxiety, dizziness, nausea, vomiting, agitation, apnea, asystole, decreased
consciousness, respiratory depression, and miosis. A death case due to brain edema is reported, involving the
consumption of 4-fluoroisobutyrfentanyl. From the same project it was possible to evaluate intoxications related to
butyrfentanyl, 4-fluorobutyrfentanyl, and fentanyl 199 Recently, Wilde et al. 229, reported a severe intoxication
case of cyclopropylfentanyl consumption; the symptoms reported after a 10 min intake were nausea, abundant
sweating, and dyspnea, which culminated in miosis, coma, and respiratory insufficiency 299, Cyclopropylfentanyl
was also found in another postmortem case. In this case, authors identified that the concentration of this compound
increases in femoral blood for 18 h after the collection of the first sample, which
suggests postmortem redistribution. Intravenous administration of acetyl fentanyl proved to be fatal on a case
reported in 2015 by Cunningham et al. 2%, The individual had a history of substance abuse; steroids were
detected in urine, and acetyl fentanyl was detected at 235 ng/mL and 234 ng/mL in blood and urine, respectively.
Moreover, pulmonary edema and cerebral edema were revealed in the autopsy. Pulmonary edema and lung injury
were also observed on a death case associated with the consumption of ocfentanil 292, Guerrieri et al. conducted
research on 40 fatal intoxications in which acrylfentanyl was a contributor or the main contributor to deaths.
However, non-fatal cases are also mentioned in the literature 2931, Hikin et al. reported numerous fatalities in the

north of England, related to carfentanil, butytyl fentanyl, fluorobutyrylfentanyl, furanylfentanyl, alfentanil and
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fentanyl, being carfentanil, and fentanyl detected in seven cases. Carfentanil concentrations in blood ranged from
90 to 4004 pg/mL 224, This same compound was also a target of a study in the United Kingdom and seven deadly

cases were reported. The concentrations found in femoral postmortem blood ranged from 0.22 to 3.3 ng/mL [295],

Over 6 months, Kronstrand et al. 298 evaluated death cases related to the consumption of AH-7921. Research led
to determination of a range of blood concentrations (0.03 to 0.99 pg/g). Although sometimes other compounds
were also detected; this suggests that tolerance to this drug can vary, and deaths can occur with low and high
doses. Moreover, possible metabolites have also been found [2%8], The first reported fatality case with U-47700 was
described in 2016 by Elliot et al. 297, A concentration of 1.46 mg/mL was found in femoral blood, and the

metabolites N-desmethyl-U-47700 and N,N-didesmethyl U-47700, and chemical structures were suggested 207,

According to the EMCDDA, MT-45, can cause a wide range of effects, such as, somnolence, unconsciousness,
high body temperature and vomiting, as well as tachycardia, decreased respiratory rate, hypoxia, hypo- and
hypertension, seizures, low oxygen saturation, and miosis 164 Other symptoms such as hair depigmentation, hair

loss, folliculitis, dermatitis, and dry eyes have also been reported 298,

Overdose due to consumption of MT-45 was considered to be the cause of death in a case reported by Fels et al.
(2091 and PB-22 and 5F-APINACA were also detected (although in very low amounts). The compound was
determined in different matrices, and the concentrations varied between 24 and 1300 pg/mL, with the highest
concentrations present in heart blood samples. These concentrations were much higher than those reported in the
literature. In a study conducted by Papsun et al. [219 it is reported that MT-45 was involved in one death, together
with etizolam, with concentrations of 520 and 35 ng/mL, respectively. The death was attributed solely to the opioid

since the concentration of etizolam was therapeutic.

Tabarra et al. (211 recently published an interesting review about these compounds along with their toxicological

aspects.

| 7. Plant-Based NPS

Plant-based NPS predominantly comprise alkaloids, which can induce a variety of effects, most commonly
hallucinogenic, yet some can also induce relaxation [24l81[212] \Most of these NPS are often used for medicinal
purposes or in rituals [BLE3I213] Only three plant-based NPS are under monitoring by the UNODC, namely Catha

edulis, Salvia divinorum, and Mitragyna speciosa [21311214]

Catha edulis (khat) is an indigenous plant from some Middle Eastern and West African countries, and among its
contents approximately 40 alkaloids are present, mostly cathedulins (polyhydroxylated sesquiterpenes) and
phenylalkylamines [B1I[831[212][213]1215] Three phenylalkylamines with high stimulant effect were detected: cathinone
[S-(-)-cathinone], norephedrine [1R,2S-(-)-norephedrine] and cathine [1S,2S-(+)-norpseudoephedrine]. Khat is
often consumed by chewing its fresh leaves, ingestion or smoking being relatively uncommon 212213 Thijs is

because cathinone is unstable during harvesting and drying processes.
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Between 2009 and 2012, this plant was among the most widely consumed NPS in EU member states, being the
second most seized plant-based NPS worldwide in 2016. This plant was reported to be frequently misused by
synthetic cathinone consumers given its lower risk [BUE3I212]  Although the main psychoactive compounds
(cathinone and cathine) have been legislated and controlled since the 1971 UN Convention, several European
countries, the United States, and Canada have started to introduce restrictions and/or legislation to control the
entry of khat in their territories [831(212],

The consumption of C. edulis has been associated with psychosis and aggressive behavior, as well as other
symptoms, namely irregular blood pressure, tachycardia, urine retention, constipation, and insomnia, although
many of these effects are still only described in animal studies [E1183](215]

Several medical conditions such as sleep disturbance, hypotension, and depression can be associated with
withdrawal symptoms or a reduction in khat consumption, yet to date, it has not been possible to verify that

consumption has been directly responsible for the death of any user 8311212

Salvia divinorum is another of the UNODC-controlled plant-based NPS, and originates from northeastern Mexico,
and has been used for centuries for its hallucinogenic properties [BL[212]12161217]  This plant is consumed by

chewing the leaves, or alternatively consumed as tea or even smoked, being easily purchased in smart shops 1
[83][212][213][216][217][218][219]

In the United States, more than 1.8 million people have consumed this substance at least once in their lifetime, with
reports from members of the United Nations in 2012 citing the plant as the third most consumed substance of its
kind [2121217]  Several European countries, the United States, and Canada have initiated legislation prohibiting

consumption or controlling the entry into their territories [BLIE31213](217]

The psychoactive effects of S. divinorum are promoted by the presence of salvinorin A, a dissociative hallucinogen
with selective agonist effect for kappa opioid receptors (KOR), and whose mechanism of action is yet to be
properly clarified [BLIE31212][216]217] The effects promoted by salvinorin A are closely related to the route of
administration. Psychoactive effects are observed within in a few seconds or minutes after inhalation or consumed
through the buccal mucosa, even at low concentrations (200 ug), which can last up to an hour [B1I[3][212][216][217]

The half-life time of this compound is around 57 min, being longer in women 271,

Short-term effects similar to the consumption of marijuana, LSD, or ketamine are common, including extracorporeal
experiences, exacerbated relaxation, colorful visions, and loss of consciousness, yet to date, no deaths have been
linked to consumption [BLE312121216]217]  Salvinorin A has been shown to possess some effects with therapeutic

potential, for use in the treatment of drug addiction, pain, neurological and gastrointestinal diseases, and as anti-
inflammatory agent [B1[218[219]

There has been a growing concern over the recreational consumption of Mitragyna speciosa (kratom), a plant
native to Southeast Asia [#41B81I[831212][217][2201[221][222] |t js commonly used for pain relief, to treat withdrawal
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symptoms in opiate users, hypertension, diarrhea, and coughing [“44[BL83]12121[217][2201[221][222][223] ' Thjs plant is

usually obtained fresh or dried, frequently consumed by chewing, drinking teas, or smoking.

Several polyphenols, flavonoids, and glycosides have been identified among its constituents, as well as more than
40 alkaloids [BU[E3l212] The main alkaloid with psychoactive activity in kratom is mitragynine, followed by 7-

hydroxymitragyne, mitraphylline, corynantheidine, speciogynine, paynantheine, and speciociliatine, which are also
believed to be associated with the observed effects [441811[83]1212][217][220][221][222]

This NPS is not yet listed in the schedule of the United Nations Convention on drugs. However, Mitragyna
speciosa is controlled or classified as a narcotic by various entities in some countries in Southeast Asia, Oceania,
the United States, and several European countries [81183][212][220][222]

There is considerable clinical interest in the plant's analgesic effect, since the affinity of mitragynine and 7-
hydroxymitragynine for opioid receptors is well established [BLI831212][217][2201[222](223] Thjs plant has been used for
several years in some regions of Asia to reduce fatigue and increase productivity at work, and also to treat
coughing, pain, fever, diarrhea, hypertension, and diabetes. Kratom leaves have also been used as substitutes for
opium, as well as in morphine withdrawal treatments 8112231 Mitragynine also interacts with & and k receptors, and
a partial interaction of 7-hydroxymitragynine with k receptors has also been reported [81I[831212][217][2201[222] The
stimulant effects at low doses are thought to be associated with the same type of mechanism observed in low-

dosed morphine 217, The set of effects begin approximately 5 to 10 min after consumption and may last for up to
an hour 212,

Several toxic effects are associated with recreational uses of Kratom, namely irritability, anxiety, and
aggressiveness. When consumed for long periods, tremors, anorexia, psychosis, hyperpigmentation of the skin,
and weight loss can be experienced 212, A number of fatalities have been associated with its consumption, with

joint exposure to other substances being the most likely cause of death [£311212],

References

1. Soares, J.; Costa, V.M.; Bastos, M.D.L.; Carvalho, F.; Capela, J.P. An updated review on synthetic
cathinones. Arch. Toxicol. 2021, 95, 2895-2940.

2. Al-Hebshi, N.; Skaug, N. Khat (Catha edulis)—An updated review. Addict. Biol. 2005, 10, 299—
307.

3. Alles, G.A.; Fairchild, M.D.; Jensen, M.; Alles, A. Chemical Pharmacology of Catha Edulis. J. Med.
Chem. 1960, 3, 323-352.

4. Hyde, J.F.; Browning, E.; Adams, R. Synthetic homologues of d,I- ephedrine. J. Am. Chem. Soc.
1928, 50, 2287-2292.

https://encyclopedia.pub/entry/22790 28/46



Implications of New Psychoactive Substances in Public Health | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

16.

17.

18.

. Saem de Burnaga Sanchez, J. Sur un homologue de I'éphédrine . Bull. Soc. Chim. Fr. 1929, 45,

284-286.

. Mehta, N. Meta chloro substituted-alpha-butylamino-propiophenones. U.S. Patent 3,819,706, 6

June 1974.

. Schitte, J. Anorexigenic Propiophenones. U.S. Patent US3001910A, 26 September 1961.

. Gardos, G.; Cole, J.O. Evaluation of pyrovalerone in chronically fatigued volunteers. Curr. Ther.

Res. Clin. Exp. 1971, 13, 631-635.

. Deramos, E.C. The use of diethylpropion in the treatment of obesity. Br. J. Clin. Pract. 1964, 18,

210-211.

Soroko, F.E.; Mehta, N.B.; Maxwell, R.A.; Ferris, R.M.; Schroeder, D. Bupropion hydrochloride
((+/-) alpha-t-butylamino-3-chloro-propiophenone HCI): A novel antidepressant agent. J. Pharm.
Pharmacol. 1977, 29, 767-770.

Hughes, J.R.; Stead, L.F.; Hartmann-Boyce, J.; Cahill, K.; Lancaster, T. Antidepressants for
smoking cessation. Cochrane Database Syst. Rev. 2014, 1, CD000031.

Saunders, K.H.; Umashanker, D.; Igel, L.I.; Kumar, R.B.; Aronne, L.J. Obesity Pharmacotherapy.
Med. Clin. North Am. 2018, 102, 135-148.

Dal Cason, T.A.; Young, R.; Glennon, R.A. Cathinone: An investigation of several N-alkyl and
methylenedioxy-substituted analogs. Pharmacol. Biochem. Behav. 1997, 58, 1109-1116.

Simao, A.Y.; Antunes, M.; Marques, H.; Rosado, T.; Soares, S.; Goncalves, J.; Barroso, M.;
Andraus, M.; Gallardo, E. Recent bionalytical methods for the determination of new psychoactive
substances in biological specimens. Bioanalysis 2020, 12, 1557-1595.

European Monitoring Centre for Drugs and Addiction. European Drug Report Trends and
Developments. Available online: https://www.emcdda.europa.eu/publications/edr/trends-
developments/2021_en (accessed on 1 October 2021).

European Monitoring Centre for Drugs and Addiction. Injection of Synthetic Cathinones. Available
online: http://www.emcdda.europa.eu/system/files/publications/2754/Synthetic
cathinones_updated2015.pdf (accessed on 3 December 2021).

United Nations Office on Drugs and Crime. Early Warning Advisory on New Psychoactive
Substances: Synthetic Cathinones. Available online:
https://www.unodc.org/LSS/SubstanceGroup/Details/67b1ba69-1253-4ae9-bd93-fed1ae8e6802
(accessed on 19 November 2021).

Grifell, M.; Ventura, M.; Carbén, X.; Quintana, P.; Galindo, L.; Palma, A.; Fornis, |.; Gi, C.; Farre,
M.; Torrens, M. Patterns of use and toxicity of new para-halogenated substituted cathinones: 4-

https://encyclopedia.pub/entry/22790 29/46



Implications of New Psychoactive Substances in Public Health | Encyclopedia.pub

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

CMC (clephedrone), 4-CEC (4-chloroethcatinone) and 4-BMC (brephedrone). Hum.
Psychopharmacol. Clin. Exp. 2017, 32, e2621.

Valente, M.J.; Guedes de Pinho, P.; Bastos, M.L.; Carvalho, F.; Carvalho, M. Khat and synthetic
cathinones: A review. Arch. Toxicol. 2014, 88, 15-45.

Zawilska, J.B.; Wojcieszak, J. Designer cathinones—An emerging class of novel recreational
drugs. Forensic Sci. Int. 2013, 231, 42-53.

Karila, L.; Benyamina, A. The effects and risks associated with synthetic cathinones use in
humans. In Synthetic Cathinones; Zawilska, J.B., Ed.; Springer: Cham, Switzerland, 2018; pp.
191-202.

Riley, A.L.; Nelson, K.H.; To, P.; Lopez-Arnau, R.; Xu, P.; Wang, D.; Wang, Y.; Shen, H.; Kuhn,
D.M.; Angoa-Perez, M.; et al. Abuse potential and toxicity of the synthetic cathinones (i.e., “Bath
salts”). Neurosci. Biobehav. Rev. 2020, 110, 150-173.

Corkery, J.M.; Guirguis, A.; Papanti, D.G.; Orsolini, L.; Schifano, F. Synthetic cathinones—
Prevalence and motivations for use. In Synthetic Cathinones; Zawilska, J.B., Ed.; Springer:
Cham, Switzerland, 2018; pp. 153—-189.

European Monitoring Centre for Drugs and Addiction. Synthetic cathinones drug profile. Available
online: https://www.emcdda.europa.eu/publications/drug-profiles/synthetic-cathinones_en
(accessed on 25 November 2021).

Simmler, L.D.; Rickli, A.; Schramm, Y.; Hoener, M.C.; Liechti, M.E. Pharmacological profiles of
aminoindanes, piperazines, and pipradrol derivatives. Biochem. Pharmacol. 2014, 88, 237-244.

Gotembiowska, K.; Kaminska, K. Effects of Synthetic Cathinones on Brain Neurotransmitters. In
Synthetic Cathinones; Zawilska, J.B., Ed.; Springer: Cham, Switzerland, 2018; pp. 117-124.

Baumann, M.H.; Ayestas, M.A., Jr.; Partilla, J.S.; Sink, J.R.; Shulgin, A.T.; Daley, P.F.; Brandt,
S.D.; Rothman, R.B.; Ruoho, A.E.; Cozzi, N.V. The Designer Methcathinone Analogs,
Mephedrone and Methylone, are Substrates for Monoamine Transporters in Brain Tissue.
Neuropsychopharmacology 2012, 37, 1192-1203.

Cameron, K.N.; Kolanos, R.; Solis, E., Jr.; Glennon, R.A.; de Felice, L.J. Bath salts components
mephedrone and methylenedioxypyrovalerone (MDPV) act synergistically at the human dopamine
transporter. Br. J. Pharmacol. 2013, 168, 1750-1757.

Cozzi, N.V.; Sievert, M.K.; Shulgin, A.T.; Jacob, P., lll; Ruoho, A.E. Inhibition of plasma membrane
monoamine transporters by B-ketoamphetamines. Eur. J. Pharmacol. 1999, 381, 63-69.

Nagai, F.; Nonaka, R.; Kamimura, K.S.H. The effects of non-medically used psychoactive drugs
on monoamine neurotransmission in rat brain. Eur. J. Pharmacol. 2007, 559, 132-137.

https://encyclopedia.pub/entry/22790 30/46



Implications of New Psychoactive Substances in Public Health | Encyclopedia.pub

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Kelly, J.P. Cathinone derivatives: A review of their chemistry, pharmacology and toxicology. Drug
Test. Anal. 2011, 3, 439—-453.

Toennes, S.W.; Harder, S.; Schramm, M.; Niess, C.; Kauert, G.F. Pharmacokinetics of cathinone,
cathine and norephedrine after the chewing of khat leaves. Br. J. Clin. Pharmacol. 2003, 56, 125—
130.

Widler, P.; Mathys, K.; Brenneisen, R.; Kalix, P.; Fisch, H.U. Pharmacodynamics and
pharmacokinetics of khat: A controlled study. Clin. Pharmacol. Ther. 1994, 55, 556-562.

Novellas, J.; Lopez-Arnau, R.; Carbd, M.L.; Pubill, D.; Camarasa, J.; Escubedo, E.
Concentrations of MDPV in rat striatum correlate with the psychostimulant efect. J.
Psychopharmacol. 2015, 29, 1209-1218.

Papaseit, E.; Pérez-Maf4, C.; Mateus, J.-A.; Pujadas, M.; Fonseca, F.; Torrens, M.; Olesti, E.; de
la Torre, R.; Farré, M. Human pharmacology of mephedrone in comparison with MDMA.
Neuropsychopharmacology 2016, 41, 2704-2713.

Zaitsu, K. Metabolism of Synthetic Cathinones. In Synthetic Cathinones; Zawilska, J.B., Ed.;
Springer: Cham, Switzerland, 2018; pp. 71-96.

Negreira, N.; Erratico, C.; Kosjek, T.; van Nuijs, A.L.N.; Heath, E.; Neels, H.; Covaci, A. In vitro
Phase | and Phase Il metabolism of a-pyrrolidinovalerophenone (a-PVP),
methylenedioxypyrovalerone (MDPV) and methedrone by human liver microsomes and human
liver cytosol. Anal. Bioanal. Chem. 2015, 407, 5803-5816.

Zidkova, M. Linhart, I.; Balikova, M.; Himl, M.; Dvorackova, V.; Lhotkova, E.; Paleniéek, T.
Identification of three new phase Il metabolites of a designer drug methylone formed in rats by N-
demethylation followed by conjugation with dicarboxylic acids. Xenobiotica 2017, 618—625.

Turcant, A.; Deguigne, M.; Ferec, S.; Bruneau, C.; Leborgne, I.; Lelievre, B.; Gegu, C.; Jegou, F,;
Abbara, C.; Roux, G.L.; et al. A 6-year review of new psychoactive substances at the Centre
Antipoison Grand-Ouest d’Angers: Clinical and biological data. Toxicol. Anal. Clin. 2017, 29, 18—
33.

Wiergowski, M.; Aszyk, J.; Kaliszan, M.; Wilczewska, K.; Anand, J.S.; Kot-Wasik, A.; Jankowski,
Z. ldentification of novel psychoactive substances 25B-NBOMe and 4-CMC in biologi- cal material
using HPLC-Q-TOF-MS and their quantification in blood using UPLC-MS/MS in case of severe
intoxications. J. Chromatogr. B Anal. Technol. Biomed. Life Sci. 2017, 1041-1042, 1-10.

Waurita, A.; Hasegawa, K.; Minakata, K.; Gonmori, K.; Nozawa, H.; Yamagishi, I.; Suzuki, O.;
Watanabe, K. Postmortem distri- bution of a-pyrrolidinobutiophenone in body fluids and solid
tissues of a human cadaver. Leg. Med. 2014, 16, 241-246.

Margalho, C.; Castanheira, A.; Real, F.C.; Gallardo, E.; L6pez-Rivadulla, M. Determination of
“new psychoactive substances” in postmortem matrices using microwave derivatization and gas

https://encyclopedia.pub/entry/22790 31/46



Implications of New Psychoactive Substances in Public Health | Encyclopedia.pub

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

chromatography—mass spectrometry. J. Chromatogr. B 2016, 1020, 14-23.

Antunes, M.; Sequeira, M.; de Caires Pereira, M.; Caldeira, M.J.; Santos, S.; Franco, J.; Barroso,
M.; Gaspar, H. Determination of Selected Cathinones in Blood by Solid-Phase Extraction and GC-
MS. J. Anal. Toxicol. 2021, 45, 233—-242.

Hemby, S.E.; MciIntosh, S.; Leon, F.; Cutler, S.J.; McCurdy, C.R. Abuse liability and therapeutic
potential of the Mitragyna speciosa (kratom) alkaloids mitragynine and 7-hydroxymitragynine.
Addict. Biol. 2019, 24, 874-885.

Brandt, S.D.; Freeman, S.; Sumnall, H.R.; Measham, F.; Cole, J. Analysis of NRG ‘legal highs’ in
the UK: Identification and formation of novel cathinones. Drug Test. Anal. 2011, 3, 569-575.

Vignali, C.; Moretti, M.; Groppi, A.; Osculati, A.M.M.; Tajana, L.; Morini, L. Distribution of the
synthetic cathinone a-pyrrolidinohexiophenone in biological specimens. J. Anal. Toxicol. 2019, 43,
1-6.

Adamowicz, P.; Jurczyk, A.; Gil, D.; Szustowski, S. A case of intoxication with a new cathinone
derivative a-PiHP—A presentation of concentrations in biological specimens. Leg. Med. 2020, 42,
101626.

Lelievre, B.; Richeval, C.; Coulon, A.; lwanikow, D.; Brofferio, M.; Deguigne, M.; Boels, D.; Allorge,
D.; Ferec, S.; Drevin, G.; et al. Case report on twocathinones abuse: MPHP and N-ethyl-
4'methylnorpentedrone, with a fatal outcome. Forensic Toxicol. 2020, 38, 243—-254.

Pei, Y.; Asif-Malik, A.; Canales, J.J. Trace Amines and the Trace Amine-Associated Receptor 1:
Pharmacology, Neurochemistry, and Clinical Implications. Front. Neurosci. 2016, 10, 1-17.

Berry, M.D. Mammalian central nervous system trace amines. Pharmacologic amphetamines,
physiologic neuromodulators. J. Neurochem. 2004, 90, 257-271.

Glennon, R.A.; Ismaiel, A.E.M.; Martin, B.; Poff, D.; Sutton, M. A preliminary behavioral
investigation of PMMA, the 4-methoxy analog of methamphetamine. Pharmacol. Biochem. Behav.
1988, 31, 9-13.

Shulgin, A.T.; Shulgin, A. Pihkal: A Chemical Love Story; Transform Press: Berkeley, CA, USA,
1990; ISBN 0963009605.

Monte, A.P.; Waldman, S.R.; Marona-Lewicka, D.; Wainscott, D.B.; Nelson, D.L.; Sanders-Bush,
E.; Nichols, D.E. Dihydrobenzofuran analogues of hallucinogens. 4. Mescaline derivatives. J.
Med. Chem. 1997, 40, 2997-3008.

Collins, M. Some new psychoactive substances: Precursor chemicals and synthesis-driven end-
products. Drug Test. Anal. 2011, 3, 404-416.

United Nations Office on Drugs and Crime. Early Warning Advisory on New Psychoactive
Substances: Phenethylamines. Available online:

https://encyclopedia.pub/entry/22790 32/46



Implications of New Psychoactive Substances in Public Health | Encyclopedia.pub

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

https://www.unodc.org/LSS/SubstanceGroup/Details/275dd468-75a3-4609-9e96-cc5a2f0dad467
(accessed on 21 November 2021).

Sutherland, R.; Barratt, M. New (and Emerging) Psychoactive Substances (NPS). Available
online: https://ndarc.med.unsw.edu.au/sites/default/files/ndarc/resources/NDA073 New
Psychoactive Substances %28NPS%29.pdf (accessed on 7 December 2021).

Davies, S.; Wood, D.M.; Smith, G.; Button, J.; Ramsey, J.; Archer, R.; Holt, D.W.; Dargan, P.I.
Purchasing “legal highs” on the Internet-is there consistency in what you get? QJM An Int. J. Med.
2010, 103, 489-493.

United Nations Office on Drugs and Crime. The challenge of New Psychoactive Substances.
Available online: https://www.unodc.org/unodc/en/scientists/the-challenge-of-new-psychoactive-
substances---global-smart-programme.html (accessed on 3 November 2021).

Marek, G.J.; Aghajanian, G.K. LSD and the phenethylamine hallucinogen DOI are potent partial
agonists at 5-HT2A receptors on interneurons in rat piriform cortex. J. Pharmacol. Exp. Ther.
1996, 278, 1373-1382.

Marchi, N.C.; Scherer, J.N.; Fara, L.S.; Remy, L.; Ornel, R.; Reis, M.; Zamboni, A.; Paim, M.;
Fiorentin, T.R.; Wayhs, C.A.Y.; et al. Clinical and Toxicological Profile of NBOMes: A Systematic
Review. Psychosomatics 2019, 60, 129-138.

Pawar, R.S.; Grundel, E. Overview of regulation of dietary supplements in the USA and issues of
adulteration with phenethylamines (PEAS). Drug Test. Anal. 2017, 9, 500-517.

Lee, J.; Choe, S.; Choi, H.; Heo, S.; Kim, E.; Kim, H.; Bang, E.; Chung, H. Identification of N-
ethyl-a-ethylphenethylamine in crystalline powder seized for suspected drug trafficking: A
research chemical or a new designer drug? Forensic Toxicol. 2013, 31, 54-58.

Smith, T.A. Phenethylamine and related compounds in plants. Phytochemistry 1977, 16, 9-18.

Hill, S.L.; Thomas, S.H.L. Clinical toxicology of newer recreational drugs. Clin. Toxicol. 2011, 49,
705-719.

Dean, B.V.; Stellpflug, S.J.; Burnett, A.M.; Engebretsen, K.M. 2C or Not 2C: Phenethylamine
Designer Drug Review. J. Med. Toxicol. 2013, 9, 172-178.

Haroz, R.; Greenberg, M.l. New drugs of abuse in North America. Clin. Lab. Med. 2006, 26, 147—
164.

Carmo, H.; Hengstler, J.G.; de Boer, D.; Ringel, M.; Remi&o, F.; Carvalho, F.; Fernandes, E.; dos
Reys, L.A.; Oesch, F.; de Lourdes Bastos, M. Metabolic pathways of 4-bromo-2,5-
dimethoxyphenethylamine (2C-B): Analysis of phase | metabolism with hepatocytes of six species
including human. Toxicology 2005, 206, 75-89.

https://encyclopedia.pub/entry/22790 33/46



Implications of New Psychoactive Substances in Public Health | Encyclopedia.pub

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Theobald, D.S.; Maurer, H.H. No Title Studies on the metabolism and toxicological detection of
the designer drug 4-ethyl-2,5-dimethoxy-beta-phenethylamine (2C-E) in rat urine using gas
chromatographic-mass spectrometric techniques. J. Chromatogr. B Anal. Technol. Biomed. Life
Sci. 2006, 842, 76-90.

Sulakova, A.; Nykodemova, J.; Palivec, P.; Jurok, R.; Rimpelova, S.; Leonhardt, T.; Sichova, K.;
PalenicCek, T.; Kuchaf, M. 25CN-NBOMe Metabolites in Rat Urine, Human Liver Microsomes and
C.elegans- Structure Determination and Synthesis of the Most Abundant Metabolites. Metabolites
2021, 11, 212.

Caspar, A.T.; Brandt, S.D.; Stoever, A.E.; Meyer, M.R.; Maurer, H.H. Metabolic fate and
detectability of the new psychoactive substances 2-(4-bromo-2,5-dimethoxyphenyl)-N-ethanamine
(25B-NBOMe) and 2-(4-chloro-2,5-dimethoxyphenyl)-N-ethanamine (25C-NBOMe) in human and
rat u. J. Pharm. Biomed. Anal. 2017, 134, 158-169.

Nielsen, L.M.; Holm, N.B.; Leth-Petersen, S.; Kristensen, J.L.; Olsen, L.; Linnet, K.
Characterization of the hepatic cytochrome P450 enzymes involved in the metabolism of 25I-
NBOMe and 25I-NBOH. Drug Test. Anal. 2016, 9, 671-679.

Schifano, F.; Chiappini, S.; Miuli, A.; Corkery, J.M.; Scherbaum, N.; Napoletano, F.; Arillotta, D.;
Zangani, C.; Catalani, V.; Vento, A.; et al. New psychoactive substances (NPS) and serotonin
syndrome onset: A systematic review. Exp. Neurol. 2021, 339, 113638.

Curtis, B.; Kemp, P.; Harty, L.; Choi, C.; Christensen, D. Postmortem identification and
quantitation of 2,5-dimethoxy-4-n-propylthiophenethylamine using GC-MSD and GC-NPD. J.
Anal. Toxicol. 2003, 27, 493-498.

Stellpflug, S.J.; Kealey, S.E.; Hegarty, C.B.; Janis, G.C. 2-(4-lodo-2,5-dimethoxyphenyl)-N-
ethanamine (25I-NBOMe): Clinical case with unique confirmatory testing. J. Med. Toxicol. 2014,
10, 45-50.

Poklis, J.L.; Devers, K.G.; Arbefeville, E.F.; Pearson, J.M.; Houston, E.; Poklis, A. Postmortem
detection of 25I-NBOMe ethanamine] in fluids and tissues determined by high performance liquid
chromatography with tandem mass spectrometry from a traumatic death. Forensic Sci. Int. 2014,
234, 14-20.

Al-Imam, A. 25b-NBOMe: A Case Report of Sudden Death and Insightful View of Google Trends
Data. Iran. J. Psychiatry Behav. Sci. 2018, 12, €9870.

Malaca, S.; Lo Faro, A.F.; Tamborra, A.; Pichini, S.; Busardo, F.P.; Huestis, M.A. Toxicology and
Analysis of Psychoactive Tryptamines. Int. J. Mol. Sci. 2020, 21, 9279.

Araujo, A.M.; Carvalho, F.; de Lourdes Bastos, M.; Guedes de Pinho, P.; Carvalho, M. The
hallucinogenic world of tryptamines: An updated review. Arch. Toxicol. 2015, 89, 1151-1173.

https://encyclopedia.pub/entry/22790 34/46



Implications of New Psychoactive Substances in Public Health | Encyclopedia.pub

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Liechti, M.E. Novel psychoactive substances (designer drugs): Overview and pharmacology of
modulators of monoamine signalling. Swiss Med. WKkly. 2015, 145, w14043.

Tittarelli, R.; Mannocchi, G.; Pantano, F.; Romolo, F. Recreational Use, Analysis and Toxicity of
Tryptamines. Curr. Neuropharmacol. 2014, 13, 26-46.

Gongalves, J.; Luis, A.; Gallardo, E.; Duarte, A.P. Psychoactive substances of natural origin:
Toxicological aspects, therapeutic properties and analysis in biological samples. Molecules 2021,
26, 1397.

Simao, A.Y.; Gongalves, J.; Duarte, A.P.; Barroso, M.; Cristovao, A.C.; Gallardo, E. Toxicological
Aspects and Determination of the Main Components of Ayahuasca: A Critical Review. Medicines
2019, 6, 106.

Lo Faro, A.F,; Di Trana, A.; La Maida, N.; Tagliabracci, A.; Giorgetti, R.; Busardo, F.P. Biomedical
analysis of New Psychoactive Substances (NPS) of natural origin. J. Pharm. Biomed. Anal. 2020,
179, 112945.

Vargas, A.S.; Luis, A.; Barroso, M.; Gallardo, E.; Pereira, L. Psilocybin as a New Approach to
Treat Depression and Anxiety in the Context of Life-Threatening Diseases-A Systematic Review
and Meta-Analysis of Clinical Trials. Biomedicines 2020, 8, 331.

Kargbo, R.B. Psilocybin Therapeutic Research: The Present and Future Paradigm. ACS Med.
Chem. Lett. 2020, 11, 399-402.

Johnson, M.W.; Griffiths, R.R. Potential Therapeutic Effects of Psilocybin. Neurotherapeutics
2017, 14, 734-740.

Global Drug Survey GDS 2020 Psychedelics Report. Available online:
https://www.globaldrugsurvey.com/gds-2020-psychedelics-report/ (accessed on 1 December
2021).

Bilhimer, M.H.; Schult, R.F.; Higgs, K.V.; Wiegand, T.J.; Gorodetsky, R.M.; Acquisto, N.M. Acute
Intoxication following Dimethyltryptamine Ingestion. Case Rep. Emerg. Med. 2018, 2018, 1-3.

Honyiglo, E.; Franchi, A.; Cartiser, N.; Bottinelli, C.; Advenier, A.S.; Bévalot, F.; Fanton, L.
Unpredictable Behavior Under the Influence of “Magic Mushrooms”: A Case Report and Review of
the Literature. J. Forensic Sci. 2019, 64, 1266-1270.

Attema-de Jonge, M.E.; Portier, C.B.; Franssen, E.J.F. Automutilation after consumption of
hallucinogenic mushrooms. Ned Tijdschr Geneeskd. 2007, 151, 2869-2872.

Sklerov, J.; Levine, B.; Moore, K.A.; King, T.; Fowler, D. A fatal intoxication following the ingestion
of 5-methoxy-N,N-dimethyltryptamine in an ayahuasca preparation. J. Anal. Toxicol. 2005, 29,
838-841.

https://encyclopedia.pub/entry/22790 35/46



Implications of New Psychoactive Substances in Public Health | Encyclopedia.pub

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Papaseit, E.; Pérez-Mafa, C.; Pérez-Acevedo, A.P.; Hladun, O.; Torres-Moreno, M.C.; Muga, R.;
Torrens, M.; Farré, M. Cannabinoids: From pot to lab. Int. J. Med. Sci. 2018, 15, 1286.

Wiley, J.L.; Marusich, J.A.; Huffman, J.W. Moving around the molecule: Relationship between
chemical structure and in vivo activity of synthetic cannabinoids. Life Sci. 2014, 97, 55-63.

Auwarter, V.; Dresen, S.; Weinmann, W.; Muller, M.; Pitz, M.; Ferreirds, N. ‘Spice’ and other
herbal blends: Harmless incense or cannabinoid designer drugs? J. Mass Spectrom. 2009, 44,
832-837.

European Monitoring Centre for Drugs and Drug Addiction. Synthetic Cannabinoids and “Spice”
Drug Profile. Available online: https://www.emcdda.europa.eu/publications/drug-profiles/synthetic-
cannabinoids_en (accessed on 1 December 2021).

United Nations Office on Drugs and Crime. Recommended Methods for the Identification and
Analysis of Synthetic Cannabinoid Receptor Agonists in Seized Materials (Revised and Updated)
Manual for Use by National Drug Analysis Laboratories; United Nations Office at Vienna: Vienna,
Austria, 2020.

Lefever, T.W.; Marusich, J.A.; Thomas, B.F.; Barrus, D.G.; Peiper, N.C.; Kevin, R.C.; Wiley, J.L.
Vaping Synthetic Cannabinoids: A Novel Preclinical Model of E-Cigarette Use in Mice. Subst.
Abus. Res. Treat. 2017, 11, 1178221817701739.

Blundell, M.S.; Dargan, P.l.; Wood, D.M. The dark cloud of recreational drugs and vaping. QJM
2018, 111, 145-148.

Breitbarth, A.K.; Morgan, J.; Jones, A.L. E-cigarettes—An unintended illicit drug delivery system.
Drug Alcohol Depend. 2018, 192, 98-111.

European Monitoring Centre for Drugs and Drug Addiction. Synthetic Cannabinoids in Europe—A
Review. Available online:
https://www.emcdda.europa.eu/system/files/publications/14035/Synthetic-cannabinoids-in-
Europe-EMCDDA-technical-report.pdf (accessed on 1 December 2021).

Castaneto, M.S.; Gorelick, D.A.; Desrosiers, N.A.; Hartman, R.L.; Pirard, S.; Huestis, M.A.
Synthetic cannabinoids: Epidemiology, pharmacodynamics, and clinical implications. Drug Alcohol
Depend. 2014, 144, 12-41.

European Monitoring Centre for Drugs and Drug Addiction. Synthetic Cannabinoids in Europe.
Available online: https://www.emcdda.europa.eu/topics/pods/synthetic-cannabinoids_en
(accessed on 1 December 2021).

United Nations Office on Drugs and Crime. Current NPS Threats Volume IV; UNODC: Vienna,
Austria, 2021.

https://encyclopedia.pub/entry/22790 36/46



Implications of New Psychoactive Substances in Public Health | Encyclopedia.pub

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

European Monitoring Centre for Drugs and Drug Addiction. New Report Highlights Public Health
and Social Risks Posed by Synthetic Cannabinoids in Europe. Available online:
https://www.emcdda.europa.eu/news/2021/new-report-highlights-public-health-and-social-risks-
posed-synthetic-cannabinoids-europe_en (accessed on 9 December 2021).

Zuba, D.; Byrska, B.; Maclow, M. Comparison of “herbal highs” composition. Anal. Bioanal. Chem.
2011, 400, 119-126.

Substance Abuse and Mental Health Services Administration. Drug Abuse Warning Network The
DAWN Report; Drug-Related Emergency Department Visits Involving Synthetic Cannabinoids;
SAMHSA: Rockville, MD, USA, 2014.

Barratt, M.J.; Cakic, V.; Lenton, S. Patterns of synthetic cannabinoid use in Australia. Drug
Alcohol Rev. 2013, 32, 141-146.

Hu, X.; Primack, B.A.; Barnett, T.E.; Cook, R.L. College students and use of K2: An emerging
drug of abuse in young persons. Subst. Abuse Treat. Prev. Policy 2011, 6, 16.

Schaefer, N.; Kettner, M.; Laschke, M.W.; Schlote, J.; Ewald, A.H.; Menger, M.D.; Maurer, H.H.;
Schmidt, P.H. Distribution of Synthetic Cannabinoids JWH-210, RCS-4 and A 9-
Tetrahydrocannabinol After Intravenous Administration to Pigs. Curr. Neuropharmacol. 2017, 15,
713.

Zhang, Q.; Peng, M.; Iszard, M.; Cole, R.B.; Wang, W.; Wang, G. In vitro metabolism of R(+)-
pyrrolo 1,4-benzoxazinyl]-(1-naphthalenyl) methanone mesylate, a cannabinoid receptor agonist.
Drug Metab. Dispos. 2002, 30, 1077-1086.

Zhang, Q.; Ma, P.; Wang, W.; Cole, R.B.; Wang, G. Characterization of rat liver microsomal
metabolites of AM-630, a potent cannabinoid receptor antagonist, by high-performance liquid
chromatography/electrospray ionization tandem mass spectrometry. J. Mass Spectrom. 2004, 39,
672—-681.

Zhang, Q.; Ma, P.; Cole, R.B.; Wang, G. Identification of in vitro metabolites of JWH-015, an
aminoalkylindole agonist for the peripheral cannabinoid receptor (CB2) by HPLC-MS/MS. Anal.
Bioanal. Chem. 2006, 386, 1345-1355.

Sobolevsky, T.; Prasolov, |.; Rodchenkov, G. Detection of JWH-018 metabolites in smoking
mixture post-administration urine. Forensic Sci. Int. 2010, 200, 141-147.

Moller, 1.; Wintermeyer, A.; Bender, K.; Jibner, M.; Thomas, A.; Krug, O.; Schanzer, W.; Thevis, M.
Screening for the synthetic cannabinoid JWH-018 and its major metabolites in human doping
controls. Drug Test. Anal. 2011, 3, 609-620.

Toennes, S.W.; Geraths, A.; Pogoda, W.; Paulke, A.; Wunder, C.; Theunissen, E.L.; Ramaekers,
J.G. Pharmacokinetic properties of the synthetic cannabinoid JWH-018 and of its metabolites in
serum after inhalation. J. Pharm. Biomed. Anal. 2017, 140, 215-222.

https://encyclopedia.pub/entry/22790 37/46



Implications of New Psychoactive Substances in Public Health | Encyclopedia.pub

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

Moran, C.L.; Le, V.H.; Chimalakonda, K.C.; Smedley, A.L.; Lackey, F.D.; Owen, S.N.; Kennedy,
P.D.; Endres, G.W.; Ciske, F.L.; Kramer, J.B.; et al. Quantitative measurement of JWH-018 and
JWH-073 metabolites excreted in human urine. Anal. Chem. 2011, 83, 4228-4236.

Chimalakonda, K.C.; Bratton, S.M.; Le, V.H.; Yiew, K.H.; Dineva, A.; Moran, C.L.; James, L.P;;
Moran, J.H.; Radominska-Pandya, A. Conjugation of Synthetic Cannabinoids JWH-018 and JWH-
073, Metabolites by Human UDP-Glucuronosyltransferases. Drug Metab. Dispos. 2011, 39, 1967.

Wintermeyer, A.; Mdller, I.; Thevis, M.; Jubner, M.; Beike, J.; Rothschild, M.A.; Bender, K. In vitro
phase | metabolism of the synthetic cannabimimetic JWH-018. Anal. Bioanal. Chem. 2010, 398,
2141-2153.

Kong, T.Y.; Kim, J.-H.; Kim, D.K.; Lee, H.S. Synthetic cannabinoids are substrates and inhibitors
of multiple drug-metabolizing enzymes. Arch. Pharm. Res. 2018, 41, 691-710.

Abbate, V.; Schwenk, M.; Presley, B.C.; Uchiyama, N. The ongoing challenge of novel
psychoactive drugs of abuse. Part I. Synthetic cannabinoids (IUPAC Technical Report). Pure Appl.
Chem. 2018, 90, 1255-1282.

Chimalakonda, K.C.; Seely, K.A.; Bratton, S.M.; Brents, L.K.; Moran, C.L.; Endres, G.W.; James,
L.P.; Hollenberg, P.F.; Prather, P.L.; Radominska-Pandya, A.; 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, 2174-2184.

Giorgetti, A.; Mogler, L.; Haschimi, B.; Halter, S.; Franz, F.; Westphal, F.; Fischmann, S.; Riedel,

J.; Putz, M.; Auwarter, V. Detection and phase | metabolism of the 7-azaindole-derived synthetic
cannabinoid 5F-AB-P7AICA including a preliminary pharmacokinetic evaluation. Drug Test. Anal.
2020, 12, 78-91.

Tai, S.; Fantegrossi, W.E. Pharmacological and Toxicological Effects of Synthetic Cannabinoids
and Their Metabolites. In Neuropharmacology of New Psychoactive Substances (NPS). Current
Topics in Behavioral Neurosciences; Baumann, M., Glennon, R., Wiley, J., Eds.; Springer: Cham,
Switzerland, 2016; Volume 32, pp. 249-262.

Lapoint, J.; James, L.P.; Moran, C.L.; Nelson, L.S.; Hoffman, R.S.; Moran, J.H. Severe Toxicity
Following Synthetic Cannabinoid Ingestion. Clin. Toxicol. 2011, 49, 760.

Locatelli, C.A.; Lonati, D.; Giampreti, A.; Petrolini, V.; Vecchio, S.; Rognoni, C.; Bigi, S.; Buscaglia,
E.; Mazzoleni, M.; Manzo, L.; et al. New Synthetic Cannabinoids Intoxications in Italy: Clinical
Identification and Analytical Confirmation of Cases. J. Emerg. Med. 2011, 41, 220.

Cohen, J.; Morrison, S.; Greenberg, J.; Saidinejad, M. Clinical Presentation of Intoxication Due to
Synthetic Cannabinoids. Pediatrics 2012, 129, e1064—e1067.

Hoyte, C.O.; Jacob, J.; Monte, A.A.; Al-Jumaan, M.; Bronstein, A.C.; Heard, K.J. A
Characterization of Synthetic Cannabinoid Exposures Reported to the National Poison Data

https://encyclopedia.pub/entry/22790 38/46



Implications of New Psychoactive Substances in Public Health | Encyclopedia.pub

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

System in 2010. Ann. Emerg. Med. 2012, 60, 435-438.

Tait, R.J.; Caldicott, D.; Mountain, D.; Hill, S.L.; Lenton, S. A systematic review of adverse events
arising from the use of synthetic cannabinoids and their associated treatment. Clin. Toxicol. 2016,
54, 1-13.

Yeruva, R.R.; Mekala, H.M.; Sidhu, M.; Lippmann, S. Synthetic Cannabinoids—"Spice” Can
Induce a Psychosis: A Brief Review. Innov. Clin. Neurosci. 2019, 16, 31.

Pacher, P.; Steffens, S.; Hasko, G.; Schindler, T.H.; Kunos, G. Cardiovascular effects of marijuana
and synthetic cannabinoids: The good, the bad, and the ugly. Nat. Rev. Cardiol. 2017, 15, 151
166.

Hasegawa, K.; Wurita, A.; Minakata, K.; Gonmori, K.; Yamagishi, |.; Nozawa, H.; Watanabe, K.;
Suzuki, O. Identification and quantitation of 5-fluoro-ADB, one of the most dangerous synthetic
cannabinoids, in the stomach contents and solid tissues of a human cadaver and in some herbal
products. Forensic Toxicol. 2015, 33, 112-121.

Hasegawa, K.; Wurita, A.; Minakata, K.; Gonmori, K.; Nozawa, H.; Yamagishi, |.; Watanabe, K.;
Suzuki, O. Postmortem distribution of MAB-CHMINACA in body fluids and solid tissues of a
human cadaver. Forensic Toxicol. 2015, 33, 380-387.

Minakata, K.; Yamagishi, I.; Nozawa, H.; Hasegawa, K.; Suzuki, M.; Gonmori, K.; Suzuki, O.;
Watanabe, K. Sensitive identification and quantitation of parent forms of six synthetic
cannabinoids in urine samples of human cadavers by liquid chromatography—tandem mass
spectrometry. Forensic Toxicol. 2017, 35, 275-283.

Angerer, V.; Jacobi, S.; Franz, F.; Auwarter, V.; Pietsch, J. Three fatalities associated with the
synthetic cannabinoids 5F-ADB, 5F-PB-22, and AB-CHMINACA. Forensic Sci. Int. 2017, 281, e9—
elb.

Hess, C.; Stockhausen, S.; Kernbach-Wighton, G.; Madea, B. Death due to diabetic ketoacidosis:
Induction by the consumption of synthetic cannabinoids? Forensic Sci. Int. 2015, 257, e6—el1.

Wallach, J.; Brandt, S.D. Phencyclidine-based new psychoactive substances. In Handbook of
Experimental Pharmacology; Springer: Cham, Switzerland, 2018; Volume 252, pp. 261-303.

Morris, H.; Wallach, J. From PCP to MXE: A comprehensive review of the non-medical use of
dissociative drugs. Drug Test. Anal. 2014, 6, 614-632.

Fujigaki, H.; Mouri, A.; Yamamoto, Y.; Nabeshima, T.; Saito, K. Linking phencyclidine intoxication
to the tryptophan-kynurenine pathway: Therapeutic implications for schizophrenia. Neurochem.
Int. 2019, 125, 1-6.

Johansson, A.; Lindstedt, D.; Roman, M.; Thelander, G.; Nielsen, E.l.; Lennborn, U.;: Sandler, H.:
Rubertsson, S.; Ahlner, J.; Kronstrand, R.; et al. A non-fatal intoxication and seven deaths

https://encyclopedia.pub/entry/22790 39/46



Implications of New Psychoactive Substances in Public Health | Encyclopedia.pub

involving the dissociative drug 3-MeO-PCP. Forensic Sci. Int. 2017, 275, 76-82.

140. Carroll, F.I.; Lewin, A.H.; Mascarella, S.W.; Seltzman, H.H.; Reddy, P.A. Designer drugs: A
medicinal chemistry perspective. Ann. N.Y. Acad. Sci. 2012, 1248, 18-38.

141. Vargas, A.S.; Caramelo, D.; Simao, A.Y.; Goncalves, J.; Rosado, T.; Antunes, M.; Barroso, M.;
Gallardo, E. Ketamine and Other Phencyclidine Analogues: A Review of Their Use as Drugs of
Abuse, Toxicological Aspects and Bioanalytical Approaches. In Ketamine: History, Uses and
Health Effects; McBride, L.A., Ed.; Nova Publisher: New York, NY, USA, 2020; pp. 73-183. ISBN
978-1-53616-731-3.

142. Ho, J.H.; Dargan, P.I. Arylcyclohexamines (Ketamine, Phencyclidine, and Analogues). In Critical
Care Toxicology; Springer International Publishing: Cham, Switzerland, 2016; pp. 1-46.

143. Bertron, J.L.; Seto, M.; Lindsley, C.W. DARK Classics in Chemical Neuroscience: Phencyclidine
(PCP). ACS Chem. Neurosci. 2018, 9, 2459-2474.

144. Journey, J.D.; Bentley, T.P. Phencyclidine Toxicity. Available online:
https://www.ncbi.nlm.nih.gov/books/NBK507865/ (accessed on 10 December 2021).

145. Thornton, S.; Lisbon, D.; Lin, T.; Gerona, R. Beyond Ketamine and Phencyclidine: Analytically
Confirmed Use of Multiple Novel Arylcyclohexylamines. J. Psychoactive Drugs 2017, 49, 289—
293.

146. Kintz, P.; Ameline, A.; Walch, A.; Farrugia, A.; Raul, J.S. Murdered while under the influence of 3-
MeO-PCP. Int. J. Legal Med. 2019, 133, 475-478.

147. United Nations Office on Drugs and Crime. Early Warning Advisory on New Psychoactive
Substances: Phencyclidine-Type Substances. Available online:
https://www.unodc.org/LSS/SubstanceGroup/Details/6bf165ed-82e7-47e0-9eaa-daacc42d99cd
(accessed on 8 December 2021).

148. Drug Enforcement Justice. Ketamine. Available online:
https://www.dea.gov/sites/default/files/2020-06/Ketamine-2020.pdf (accessed on 29 November
2021).

149. FDA approves new nasal spray medication for treatment-resistant depression; available only at a
certified doctor’s office or clinic. Case Med. Res. 2019.

150. Kjellgren, A.; Jonsson, K. Methoxetamine (MXE)—A Phenomenological Study of Experiences
Induced by a “Legal High” from the Internet. J. Psychoactive Drugs 2013, 45, 276-286.

151. Pourmand, A.; Armstrong, P.; Mazer-Amirshahi, M.; Shokoohi, H. The evolving high: New
designer drugs of abuse. Hum. Exp. Toxicol. 2014, 33, 993-999.

152. Botanas, C.J.; Perez Custodio, R.J.; Kim, H.J.; de la Pena, J.B.; Sayson, L.V.; Ortiz, D.M.; Kim,
M.; Lee, H.J.; Acharya, S.; Kim, K.-M.; et al. R (-)-methoxetamine exerts rapid and sustained

https://encyclopedia.pub/entry/22790 40/46



Implications of New Psychoactive Substances in Public Health | Encyclopedia.pub

153.

154.

155.

156.

157.

158.

159.

160.
161.

162.

163.

164.

165.

166.

antidepressant effects and fewer behavioral side effects relative to S (+)-methoxetamine.
Neuropharmacology 2021, 193, 108619.

Berar, A.; Allain, J.-S.; Allard, S.; Lefevre, C.; Baert, A.; Morel, I.; Bouvet, R.; Gicquel, T.
Intoxication with 3-MeO-PCP alone. Medicine 2019, 98, €18295.

United Nations Office on Drugs and Crime. Depressants 2019. Available online:
https://wdr.unodc.org/wdr2019/en/depressants.html (accessed on 9 December 2021).

Luginbuhl, M.; Angelova, S.; Gaugler, S.; Langin, A.; Weinmann, W. Automated high-throughput
analysis of tramadol and O-desmethyltramadol in dried blood spots. Drug Test. Anal. 2020, 12,
1126-1134.

Pichini, S.; Solimini, R.; Berretta, P.; Pacifici, R.; Busardo, F.P. Acute Intoxications and Fatalities
from lllicit Fentanyl and Analogues: An Update. Ther. Drug Monit. 2018, 40, 38-51.

Vicknasingam, B.; Narayanan, S.; Singh, D.; Corazza, O. Global strategy for New Psychoactive
Substances: An update. Curr. Opin. Psychiatry 2020, 33, 295-300.

Armenian, P.; Vo, K.T.; Barr-Walker, J.; Lynch, K.L. Fentanyl, fentanyl analogs and novel synthetic
opioids: A comprehensive review. Neuropharmacology 2018, 134, 121-132.

Kuczynska, K.; Grzonkowski, P.; Kacprzak, t.; Zawilska, J.B. Abuse of fentanyl: An emerging
problem to face. Forensic Sci. Int. 2018, 289, 207-214.

Stanley, T.H. The Fentanyl Story. J. Pain 2014, 15, 1215-1226.

Luethi, D.; Liechti, M.E. Designer drugs: Mechanism of action and adverse effects. Arch. Toxicol.
2020, 94, 1085.

Natsuka, K.; Nakamura, H.; Nishikawa, Y.; Negoro, T.; Uno, H.; Nishimura, H. Synthesis and
structure-activity relationships of 1-substituted 4-(1,2-diphenylethyl)piperazine derivatives having
narcotic agonist and antagonist activity. J. Med. Chem. 1987, 30, 1779-1787.

Natsuka, K.; Nakamura, H.; Uno, H.; Umemoto, S. 1-Substituted 4-(1,2-diphenylethyl)piperazine
derivatives and their analgesic activities. 1. J. Med. Chem. 1975, 18, 1240-1244.

European Monitoring Centre for Drugs and Drug Addiction. EMCDDA-Europol Joint Report on a
New Psychoactive Substance: 1-cyclohexyl-4-(1,2-diphenylethyl)piperazine (‘MT-45’); EMCDDA:
Lisbon, Portugal, 2014.

Lucyk, S.N.; Nelson, L.S. Novel Synthetic Opioids: An Opioid Epidemic Within an Opioid
Epidemic. Ann. Emerg. Med. 2017, 69, 91-93.

Rudd, R.A.; Seth, P.; David, F.; Scholl, L. Increases in Drug and Opioid-Involved Overdose
Deaths-United States, 2010-2015. MMWR. Morb. Mortal. WKkly. Rep. 2016, 65, 1445-1452.

https://encyclopedia.pub/entry/22790 41/46



Implications of New Psychoactive Substances in Public Health | Encyclopedia.pub

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

United Nations Office on Drugs and Crime. The Growing Complexity of the Opioid Crisis. Global
Smart Update. Available online: https://www.unodc.org/documents/scientific/Global SMART-
2020-Vol_24 web.pdf (accessed on 3 December 2021).

United Nations Office on Drugs and Crime. Recommended Methods for The Identification and
Analysis of Fentanyl and Its Analogues in Biological Specimens. Available online:
https://www.unodc.org/unodc/en/scientists/recommended-methods-for-the-identification-and-
analysis-of-fentanyl-and-its-analogues-in-biological-specimens.html (accessed on 19 December
2021).

Karila, L.; Marillier, M.; Chaumette, B.; Billieux, J.; Franchitto, N.; Benyamina, A. New synthetic
opioids: Part of a new addiction landscape. Neurosci. Biobehav. Rev. 2019, 106, 133-140.

Zawilska, J.B. An Expanding World of Novel Psychoactive Substances: Opioids. Front. Psychiatry
2017, 8, 110.

Beardsley, P.M.; Zhang, Y. Synthetic opioids. Handb. Exp. Pharmacol. 2018, 252, 353-381.

Lovrecic, B.; Lovrecic, M.; Gabrovec, B.; Carli, M.; Pacini, M.; Maremmani, A.G.l.; Maremmani, |.
Non-Medical Use of Novel Synthetic Opioids: A New Challenge to Public Health. Int. J. Environ.
Res. Public Health 2019, 16, 177.

United States Drug Enforcement Administration. Oxycodone. Available online:
https://www.dea.gov/factsheets/oxycodone (accessed on 19 December 2021).

European Monitoring Centre for Drugs and Drug Addiction and Europol EMCDDA-Europol Joint
Report on a New Psychoactive Substance: AH-7921 3,4-dichloro-N-((1-
(dimethylamiono)cyclohexyl))methyl)menzamide. Available online:
https://www.emcdda.europa.eu/publications/joint-report/AH-7921_en (accessed on 12 December
2021).

McCabe, S.E.; Cranford, J.A.; Boyd, C.J.; Teter, C.J. Motives, diversion and routes of
administration associated with nonmedical use of prescription opioids. Addict. Behav. 2007, 32,
562-575.

European Monitoring Centre for Drugs and Drug Addiction. Fentanyl Drug Profile. Available
online: https://www.emcdda.europa.eu/publications/drug-profiles/fentanyl#use. (accessed on 19
December 2021).

European Monitoring Centre for Drugs and Addiction. New Psychoactive Substances: Global
Markets, Global Threats and the COVID-19 Pandemic. An Update from the EU Early Warning
System. Available online: https://www.emcdda.europa.eu/publications/rapid-communication/new-
psychoactive-substances-global-markets-glocal-threats-and-covid-19-pandemic_en (accessed on
7 December 2021).

https://encyclopedia.pub/entry/22790 42/46



Implications of New Psychoactive Substances in Public Health | Encyclopedia.pub

178.

179.

180.

181.

182.
183.

184.

185.

186.

187.

188.

189.

190.

191.

Coon, T.P.; Miller, M.; Kaylor, D.; Jones-Spangle, K. Rectal Insertion of Fentanyl Patches: A New
Route of Toxicity. Ann. Emerg. Med. 2005, 46, 473.

European Centre for Drug and Drug Addiction (EMCDDA). Spotlight on... Fentanils and Other
New Opioids. Available online: https://www.emcdda.europa.eu/spotlights/fentanils-and-other-new-
opioids_en (accessed on 19 December 2021).

European Monitoring Centre for Drugs and Drug Addiction. Europol EU Drug Markets Report
2019. Available online: www.emcdda.europa.eu (accessed on 5 December 2021).

United Nations Office on Drugs and Crime. Data from the UNODC Early Warning Advisory on
New Psychoactive Substances. Available online:
https://www.unodc.org/unodc/en/scientists/ewa/data.html (accessed on 7 December 2021).

Lutfy, K. Opioid Crisis-An Emphasis on Fentanyl Analogs. Brain Sci. 2020, 10, 485.

McClain, D.A.; Hug, C.C., Jr. Intravenous fentanyl kinetics. Clin. Pharmacol. Ther. 1980, 28, 106—
114.

Panagiotou, I.; Mystakidou, K. Intranasal fentanyl: From pharmacokinetics and bioavailability to
current treatment applications. Expert Rev. Anticancer Ther. 2010, 10, 1009-1021.

Foster, D.; Upton, R.; Christrup, L.; Popper, L. Pharmacokinetics and Pharmacodynamics of
Intranasal Versus Intravenous Fentanyl in Patients with Pain after Oral Surgery. Ann.
Pharmacother. 2008, 42, 1380-1387.

Labroo, R.B.; Paine, M.F.; Thummel, K.E.; Kharasch, E.D. Fentanyl Metabolism by Human
Hepatic and Intestinal Cytochrome P450 3A4: Implications for Interindividual Variability in
Disposition, Efficacy, and Drug Interactions. Drug Metab. Dispos. 1997, 25, 1072-1080.

Tateishi, T.; Krivoruk, Y.; Ueng, Y.-F.; Wood, A.J.J.; Guengerich, F.P.; Wood, M. Identification of
Human Liver Cytochrome P-450 3A4 as the Enzyme Responsible for Fentanyl and Sufentanil N-
Dealkylation. Anesth. Analg. 1996, 82, 167-172.

Kong, L.; Walz, A.J. Identification of human cytochrome P450 isozymes involved in the oxidative
metabolism of carfentanil. Toxicol. Lett. 2021, 343, 28-33.

Watanabe, S.; Vikingsson, S.; Roman, M.; Green, H.; Kronstrand, R.; Wohlfarth, A. In Vitro and In
Vivo Metabolite Identification Studies for the New Synthetic Opioids Acetylfentanyl, Acrylfentanyl,
Furanylfentanyl, and 4-Fluoro-Isobutyrylfentanyl. AAPS J. 2017, 19, 1102-1122.

Allibe, N.; Richeval, C.; Phanithavong, M.; Faure, A.; Allorge, D.; Paysant, F.; Stanke-Labesque,
F.; Eysseric-Guerin, H.; Gaulier, J.-M. Fatality involving ocfentanil documented by identification of
metabolites. Drug Test. Anal. 2018, 10, 995-1000.

Coppola, M.; Mondola, R. AH-7921: A new synthetic opioid of abuse. Drug Alcohol Rev. 2015, 34,
109-110.

https://encyclopedia.pub/entry/22790 43/46



Implications of New Psychoactive Substances in Public Health | Encyclopedia.pub

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

Prekupec, M.P.; Mansky, P.A.; Baumann, M.H. Misuse of Novel Synthetic Opioids: A Deadly New
Trend. J. Addict. Med. 2017, 11, 256—-265.

Loew, G.; Lawson, J.; Toll, L.; Frenking, G.; Berzetei-Gurske, I.; Polgar, W. Structure activity
studies of two classes of beta-amino-amides: The search for kappa-selective opioids. NIDA Res.
Monogr. 1988, 90, 144-151.

Mohr, A.L.A.; Friscia, M.; Papsun, D.; Kacinko, S.L.; Buzby, D.; Logan, B.K. Analysis of Novel
Synthetic Opioids U-47700, U-50488 and Furanyl Fentanyl by LC-MS/MS in Postmortem
Casework. J. Anal. Toxicol. 2016, 40, 709-717.

Bilel, S.; Azevedo, N.J.; Arfe, R.; Tirri, M.; Gregori, A.; Serpelloni, G.; De-Giorgio, F.; Frisoni, P.;
Neri, M.; Calo, G.; et al. In vitro and in vivo pharmacological characterization of the synthetic
opioid MT-45. Neuropharmacology 2020, 171, 108110.

Frisoni, P.; Bacchio, E.; Bilel, S.; Talarico, A.; Gaudio, R.M.; Barbieri, M.; Neri, M.; Marti, M. Novel
Synthetic Opioids: The Pathologist’s Point of View. Brain Sci. 2018, 8, 170.

Sinicina, I.; Sachs, H.; Keil, W. Post-mortem review of fentanyl-related overdose deaths among
identified drug users in Southern Bavaria, Germany, 2005-2014. Drug Alcohol Depend. 2017,
180, 286-291.

Helander, A.; Backberg, M.; Signell, P.; Beck, O. Intoxications involving acrylfentanyl and other
novel designer fentanyls—results from the Swedish STRIDA project. Clin. Toxicol. 2017, 55, 589—
599.

Backberg, M.; Beck, O.; Jonsson, K.-H.; Helander, A. Opioid intoxications involving butyrfentanyl,
4-fluorobutyrfentanyl, and fentanyl from the Swedish STRIDA project. Clin. Toxicol. 2015, 53,
609-617.

Wilde, M.; Sommer, M.J.; Auwarter, V.; Hermanns-Clausen, M. Acute severe intoxication with
cyclopropylfentanyl, a novel synthetic opioid. Toxicol. Lett. 2020, 320, 109-112.

Cunningham, S.M.; Haikal, N.A.; Kraner, J.C. Fatal Intoxication with Acetyl Fentanyl. J. Forensic
Sci. 2016, 61, S276—-S280.

Coopman, V.; Cordonnier, J.; De Leeuw, M.; Cirimele, V. Ocfentanil overdose fatality in the
recreational drug scene. Forensic Sci. Int. 2016, 266, 469-473.

Guerrieri, D.; Rapp, E.; Roman, M.; Thelander, G.; Kronstrand, R. Acrylfentanyl: Another new
psychoactive drug with fatal consequences. Forensic Sci. Int. 2017, 277, e21-e29.

Hikin, L.; Smith, P.R.; Ringland, E.; Hudson, S.; Morley, S.R. Multiple fatalities in the North of
England associated with synthetic fentanyl analogue exposure: Detection and quantitation a case
series from early 2017. Forensic Sci. Int. 2018, 282, 179-183.

https://encyclopedia.pub/entry/22790 44/46



Implications of New Psychoactive Substances in Public Health | Encyclopedia.pub

205.

206.

207.

208.

209.

210.

211.

212.

213.

214,

215.

216.

217.

Elliott, S.P.; Hernandez Lopez, E. A Series of Deaths Involving Carfentanil in the UK and
Associated Post-mortem Blood Concentrations. J. Anal. Toxicol. 2018, 42, e41-e45.

Kronstrand, R.; Thelander, G.; Lindstedt, D.; Roman, M.; Kugelberg, F.C. Fatal Intoxications
Associated with the Designer Opioid AH-7921. J. Anal. Toxicol. 2014, 38, 599-604.

Elliott, S.P.; Brandt, S.D.; Smith, C. The first reported fatality associated with the synthetic opioid
3,4-dichloro-N--N-methylbenzamide (U-47700) and implications for forensic analysis. Drug Test.
Anal. 2016, 8, 875-879.

Helander, A.; Bradley, M.; Hasselblad, A.; Norlén, L.; Vassilaki, I.; Backberg, M.; Lapins, J. Acute
skin and hair symptoms followed by severe, delayed eye complications in subjects using the
synthetic opioid MT-45. Br. J. Dermatol. 2017, 176, 1021-1027.

Fels, H.; Krueger, J.; Sachs, H.; Musshoff, F.; Graw, M.; Roider, G.; Stoever, A. Two fatalities
associated with synthetic opioids: AH-7921 and MT-45. Forensic Sci. Int. 2017, 277, e30—e35.

Papsun, D.; Krywanczyk, A.; Vose, J.C.; Bundock, E.A.; Logan, B.K. Analysis of MT-45, a Novel
Synthetic Opioid, in Human Whole Blood by LC-MS-MS and Its Identification in a Drug-Related
Death. J. Anal. Toxicol. 2016, 40, 313-317.

Tabarra, |.; Soares, S.; Rosado, T.; Gongalves, J.; Luis, A.; Malaca, S.; Barroso, M.; Keller, T;;
Restolho, J.; Gallardo, E. Novel synthetic opioids—toxicological aspects and analysis. Forensic
Sci. Res. 2019, 4, 111-140.

Feng, L.Y.; Battulga, A.; Han, E.; Chung, H.; Li, J.H. New psychoactive substances of natural
origin: A brief review. J. Food Drug Anal. 2017, 25, 461-471.

Luki¢, V.; Mici¢, R.; Arsié, B.; Nedovié¢, B.; Radosavljevi¢, Z. Overview of the major classes of new
psychoactive substances, psychoactive effects, analytical determination and conformational
analysis of selected illegal drugs. Open Chem. 2021, 19, 60-106.

United Nations Office on Drugs and Crime. Early Warning Advisory on New Psychoactive
Substances. Available online: https://www.unodc.org/LSS/SubstanceGroup/Details/4b17fel0-
91da-477c-bc3d-593136040668 (accessed on 18 November 2021).

Wabe, N.T. Chemistry, pharmacology, and toxicology of khat (catha edulis forsk): A review. Addict.
Heal. 2011, 3, 137-149.

Gonzalez, D.; Riba, J.; Bouso, J.C.; GOmez-Jarabo, G.; Barbanoj, M.J. Pattern of use and
subjective effects of Salvia divinorum among recreational users. Drug Alcohol Depend. 2006, 85,
157-162.

Rosenbaum, C.D.; Carreiro, S.P.; Babu, K.M. Here Today, Gone Tomorrow. and Back Again? A
Review of Herbal Marijuana Alternatives (K2, Spice), Synthetic Cathinones (Bath Salts), Kratom,
Salvia divinorum, Methoxetamine, and Piperazines. J. Med. Toxicol. 2012, 8, 15-32.

https://encyclopedia.pub/entry/22790 45/46



Implications of New Psychoactive Substances in Public Health | Encyclopedia.pub

218.

219.

220.

221.

222.

223.

Cruz, A.; Domingos, S.; Gallardo, E.; Martinho, A. A unique natural selective kappa-opioid
receptor agonist, salvinorin A, and its roles in human therapeutics. Phytochemistry 2017, 137, 9—
14.

Margalho, C.; Corte-Real, F.; Lopez-Rivadulla, M.; Gallardo, E. Salvia divinorum: Toxicological
aspects and analysis in human biological specimens. Bioanalysis 2016, 8, 1415-1425.

Ramanathan, S.; McCurdy, C.R. Kratom (Mitragyna speciosa): Worldwide issues. Curr. Opin.
Psychiatry 2020, 33, 312-318.

Firmansyah, A.; Sundalian, M.; Taufiq, M. Kratom (Mitragyna speciosa korth) for a new medicinal:
A review of pharmacological and compound analysis. Biointerface Res. Appl. Chem. 2021, 11,
9704-9718.

Ya, K.; Tangamornsuksan, W.; Scholfield, C.N.; Methaneethorn, J.; Lohitnavy, M.
Pharmacokinetics of mitragynine, a major analgesic alkaloid in kratom (Mitragyna speciosa): A
systematic review. Asian J. Psychiatr. 2019, 43, 73-82.

Meireles, V.; Rosado, T.; Barroso, M.; Soares, S.; Gongalves, J.; Luis, A.; Caramelo, D.; Simao,
A.Y.; Fernandez, N.; Duarte, A.P.; et al. Mitragyna speciosa: Clinical, Toxicological Aspects and
Analysis in Biological and Non-Biological Samples. Medicines 2019, 6, 35.

Retrieved from https://encyclopedia.pub/entry/history/show/55223

https://encyclopedia.pub/entry/22790 46/46



