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Correct identification of substances is essential to understand drug use and trafficking trends and guide
measures for harm reduction and treatment. Two steps are needed to verify the nature of a substance
properly: a presumptive test and a confirmatory test. There are presumptive tests which presents
deficiencies, such as providing false-positive and false-negative results. Confirmatory tests are more reliable,
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but they are more expensive. With the appearance of New Psychoactive Substances (NPS), identifying
and characterizing illicit substances has become more challenging. This paper focuses on presenting
information about NPS characteristics and analysis. For this purpose, we have reviewed the literature to
address the main aspects of five groups of NPS: amphetamine-type stimulants, synthetic cannabinoids,
N-methoxybenzyl-methoxyphenylethylamine (NBOMe), synthetic opioids, and benzodiazepines. We
present the main characteristics of each group and certain aspects of presumptive and confirmatory tests
regarding these groups. Our findings show obstacles in developing methodologies that can correctly
identify these substances, and problems can increase as new structures appear. This information can be
helpful to drive research into identifying NPS and inform law enforcement and law practitioners about the
main characteristics of each group and the main questions involving their identification.

Keywords: New Psychoactive Substances, presumptive tests, confirmatory tests, amphetamine-type

stimulants, synthetic cannabinoids, NBOMes, synthetic opioids, synthetic benzodiazepines.

Abbreviations

4-ANPP: N-phenyl-1-(2-phenylethyl)-4-
piperidinamine

ATR: Attenuated Total Reflection
ATS: Amphetamine-Type Stimulants

CBD: Cannabidiol

CBN: Cannabinol

DAPPI: Desorption atmospheric pressure
photoionization

DART-MS: Direct analysis in real-time
mass spectrometry

DAT: Dopamine transporter
DESI-MS: Desorption electrospray
ionization with mass spectrometry

DOA: Drugs of abuse

EU: European Union

FBB: Fast Blue B

FBBB: Fast Blue BB

FITC: Fluorescein isothiocyanate
FTIR: Fourier transform infrared

GC-FID: Gas chromatography with flame
ionization detector

GC-IRD: Gas chromatography with
infrared detector

GC-MS: Gas chromatography with mass
detector

GC-MS-El: Gas chromatography with cold
electron ionization

HPLC: High-performance liquid
chromatography

HPLC-AD: High-performance liquid
chromatography coupled to amperometric
detector

HPLC-UV: High-performance liquid
chromatography coupled to ultraviolet
detector

HRMS: High-resolution mass spectrometry
IMS: lon mobility spectrometry

IR: Infrared spectroscopy

LC-HRMS: Liquid chromatography coupled

to high-resolution mass spectrometry

LC-MS: Liquid chromatography coupled to
mass spectrometry

LLE: Liquid-liquid extraction
LSD: Lysergic acid diethylamide

MALDI-TOF-MS: Matrix-assisted laser
desorption/ionization mass spectrometry

MDMA: Methylenedioxymethamphetamine
NET: Norepinephrine transporter

NMR: Nuclear magnetic resonance

NPF: Nonpharmaceutical Fentanyl

NPS: New Psychoactive Substances
NSO: New Synthetic Opioids
MS: Mass spectrometry

PP: Protein precipitation

Rf: Retention factors

SERT: Serotonin transporter
SPE: Solid-phase extraction

SWGDRUG: Scientific Working Group for
the Analysis of Seized Drugs

TD-DART-MS: Thermal desorption in real-
time mass spectrometry

THC: A9-tetrahydrocannabinol

TLC: Thin-layer chromatography
UHPLC: Ultra-high performance liquid
chromatography

UHPLC-MS/MS: Ultra-high performance
liquid chromatography coupled to mass
spectrometry

UK: United Kingdom
UNODC: United Nations Office on Drugs
and Crime

UPLC-MS: Ultra-performance liquid
chromatography coupled to mass
spectrometry

USA: United States of America
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INTRODUCTION

The use of recreational drugs of abuse (DOA) has always been present in different historical moments
and societies and has increased over the years. Excessive prohibition of substance use in the drug war
model has produced and consolidated illegal markets controlled by criminals [1]. Drug war prohibitions and
policies have created a phenomenon that has given rise to New Psychoactive Substances (NPS) [2,3],
which bear structural modifications of well-known substances such as cocaine, lysergic acid diethylamide
(LSD), and cannabis, among others. The idea behind NPS is to provide the consumer with an alternative
that is both recreational and non-illegal. According to the United Nations Office on Drugs and Crime
(UNODC), 899 NPS were reported between 2009 and 2018 worldwide, and that number continues to
grow [4,5].

Drug regulation mainly deals with conventional substances, and the prohibition is based on specific
structural information. Because of this, most NPS are under-regulated: as the legislation starts to target
newly discovered structures, new analogous substances or derivatives continue to emerge to circumvent
the regulations, in a faster movement than the legal system and regulatory agencies can cope with [6].
Countries are using a total ban on structural classes as an alternative procedure [7-9]. Nevertheless, this
strategy has disadvantages; for example, access to more detailed research into NPS may be unavailable,
not to mention that an unregulated and unrestricted market can cause as much damage as the prohibitive
model [2,10,11].

The rise of NPS represents a challenge for both legal control and health. From the legal aspect, scientific
knowledge about these substances is lacking. Classifications for controlling psychoactive substances
consider factors related to culture, production, manufacturing, consumption, market, and factors that can
be characteristic of the country. However, prohibitions lack a scientific basis given that there are not enough
studies to prove the harmful effects of these substances on the user or the society. Science is rarely part
of the decision-making process and, when it can offer recommendations, they are seldom considered. If
the undesirable effects of a specific substance cannot be proven, showing its possible benefits is beyond
the scope of the evaluation. Without a scientific basis for establishing harm or benefits, the repression
associated with a particular substance can be disproportionate and require a great deal of effort in law
enforcement. Thus, NPS monitoring demands forensic, toxicological, and clinical data [12—14].

The conventional drug monitoring model considers only a small number of well-known and controlled
substances. Forensic and toxicological analytical approaches can detect, identify, and, depending on
the technique, quantify substances in seized or biological samples. It is essential to understand that the
traditional way of responding to illicit drugs may not suit NPS [14]. In forensic terms, proper identification of
substances is crucial when assessing suspect seized samples and evaluating cases of possible intoxication
and requires reliable and accurate identification methods [6].

Among other factors, knowing the effects of using a particular drug can be necessary to elucidate post-
mortem aspects and to assist in cases involving drug-facilitated crimes. Drugs can have consequences
concerning human behavior, leading to consequences within the legal system [15]. Drug detection in
biological samples can present problems. The lack of pharmacokinetic and pharmacodynamic knowledge
can compromise the identification of metabolites [14,16].

From the analytical point of view, the correct identification of NPS is a significant challenge. The difficulties
inherent in NPS evaluation include the diversity of changes to molecules and the speed with which they
appear in the market. New molecules emerge faster than the development of analytical protocols. One of
the main problems is the lack of certified standards for reference [14].

Analytical protocols involve presumptive detection, which is usually qualitative, and later confirmation
[16]. Presumptive detection methods are called presumptive or field tests. These tests allow rapid and
low-cost identification in both the clinical and forensic fields and indicate the presence or absence of a
substance of interest and drug abuse. They can identify a particular group of chemicals, but they are not
selective enough to indicate the substance within the group. They have advantages such as not requiring
specific training, equipment, or sample preparation and being highly sensitive and portable, facilitating
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substance identification on site. These characteristics and advantages have enabled their extensive use
for law enforcement despite their low discretion performance [16—20]. With the increase in drug-facilitated
crimes and addiction, these tests may be useful in point-of-care for harm reduction actions [21,22].

For law enforcement, a confirmatory test is required after presumptive identification to establish the
chemical nature of the substance(s). Confirmatory drug identification is more trustful than presumptive
tests. However, confirmatory tests demand sophisticated analytical equipment, specialized knowledge,
and complex sample preparation, which can be destructive [14,23,24].

The appearance of new drugs has been increasing. Legal actions to try to control these substances
have not been enough to stop their production. It is necessary to understand their diversity and to develop
analytical methods to identify them. Analytical methods developed for classic drugs may not be able to
identify these substances correctly [26,27].

Enhancing the use of accepted and validated scientific practices involving accurate and reliable
analytical methods requires time. It may not keep pace with the appearance of these substances in real-
time. Analytical techniques and methodologies shall be able to help to understand how the drug market
evolves. Trustful methods shall assure that the new compounds can be correctly determined. Furthermore,
producing or acquiring reference standards is essential [6,15,25]. All these situations share challenges:
correctly identifying substances, obtaining standards for comparison, assessing the toxicological potential
associated with them, and establishing harm reduction mechanisms.

This paper aims to provide an overview of five groups of synthetic classes of NPS: amphetamine-type
stimulants (amphetamines and cathinones), cannabinoids, N-methoxybenzyl-methoxyphenylethylamine
(NBOMe), opioids, and benzodiazepines. These sets comprise stimulants, hallucinogens, and depressants
[28]. The overall idea is to present the characteristics of each group and particularities regarding their
testing. This paper does not aim to exhaust the subject, but the intention is to show that there is a lot to
learn about these substances. The information presented here can help the reader interested in drug
analysis to understand the issue of NPS diversity and how it affects the identification of these substances.
It can be helpful to increase the knowledge of researchers, forensic scientists, and law practitioners about
these substances.

METHOD

We conducted a literature-based review to collect information about NPS. We delimited our research
into four sections:

e Section I: Information about NPS publication. This section shows the interest in publishing research
about NPS. We performed a search of both the SCOPUS and Web of Science databases. First, we focused
on the broad publications by using the search keyword “New Psychoactive Substances”, and the keywords
regarding the groups of synthetic substances amphetamines, cathinones, cannabinoids, NBOMes, opioids,
and benzodiazepines. We also collected information about presumptive and confirmatory tests for the
previous keywords. This search was delimited in a twenty-year interval.

e Section Il: The basics of presumptive tests. This section provides an overview of presumptive tests
for drugs.

e Section lll: The basics of confirmatory tests. This section presents information about the main
confirmatory tests for use in drug identification.

e Section IV: Characteristics of the different groups of NPS. This section presents the main
characteristics of each group of NPS and comments on presumptive and confirmatory tests for them.

For Sections II-1V, we collected information from academic and scientific works, social data, grey
literature, institutional websites, and news published on the Internet. Most of the cited references are current
ones. Around 65% of them were published in the last five years (2017-2021); 29.5% were published after
2008 because, according to the literature, this date is related to the appearance of NPS [7,29]. The rest of
the references (around 5.5%) were necessary for background information.
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Section I: Information about publication on NPS
Figure 1 shows the SCOPUS database results. Figure 1(a) presents the overall publications for

the terms “New Psychoactive Substances” and those regarding the groups of synthetic substances:
amphetamines, cathinones, cannabinoids, NBOMes, opioids, and benzodiazepines. Figures 1(b) and 1(c)
show information about presumptive and confirmatory tests for each case. Figure 2 shows information
from the Web of Science database. Figures 2(a)-(c) follow the same organization presented in Figure 2.
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Figure 1. Articles published about NPS in the last 20 years in the SCOPUS
database: (a) results for the terms “New Psychoactive Substance” and for
each group of NPS; (b) results for presumptive tests; and (c) results for
confirmatory tests.
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Figure 2. Articles published about NPS in the last 20 years in the Web of
Science database: (a) results for the terms “New Psychoactive Substances”
and for each group of NPS; (b) results for presumptive tests; and (c) results

for confirmatory tests.

In both databases, we observed an overall increase in the studies for all groups of substances. Synthetic

cannabinoids and synthetic opioids have received greater general interest.

Synthetic amphetamines were the first group to be studied regarding presumptive tests. We can
observe similarities in the patterns for these publications in the two databases. There is no constant
research production for these issues. Still concerning presumptive tests, synthetic cannabinoids are the

most studied group of NPS.
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For confirmatory tests, both databases show that there have been more publications on synthetic
cannabinoids. The SCOPUS database showed growing interest for most drugs, except for NBOMes. The
same trend could be observed in the Web of Science dataset, where there are no publications on NBOMes.
These results strengthen the importance of studying these issues for seized NPS.

Section IlI: The basics of presumptive tests

When a suspicious substance is found, a presumptive test is usually the first step in the analysis. This
test is generally run at the place of arrest and aims to indicate the presence or absence of a suspected
illicit substance. There are new technologies to run this test on-site, and portable equipment has been
developed for this purpose, such as infrared and Raman spectroscopy, and mass spectrometry, which
is easy to use and enables fast identification within just a few minutes. However, portable advanced
analytical techniques are expensive, and the team is not expected to have this equipment available
during apprehension [20,30]. Electrochemical, voltammetric, and piezoelectric devices have also been
extensively tested for presumptive drug tests to allow the presence of a broader range of drugs to be
determined [20,30-32].

There are several presumptive tests. Among them, colorimetric and immunoassay tests are worthy
of note. Colorimetric tests are generally the most common. In this case, reagents are added to a small
amount of the suspected substance, and the appearance of a specific color may indicate the presence
of the illicit substance. In immunoassay tests, the alleged substance reacts with a particular antibody.
This reaction is also characteristic of chemical classes [20,33]. For immunoassay tests, it is necessary to
have antibodies that specifically bind to the structures. It can be a problem for NPS because of their fast
emergence in the market [34].

Because colorimetric tests are low-cost, portable, and sensitive, they are widely used. Color variation
occurs due to specific reactions within a functional group within a class of drugs. The color test must be
selective for its class of drugs [6,17,20,26,30]. Despite the apparent advantage of colorimetric tests, there
are concerns about their application, and agents must be aware of the possible results. A presumptive
test can provide accurate results, i.e., it can correctly indicate the substance. However, false results; that
is, false-positive and false-negative results, are also possible. It is undesirable because they can prevent
the law from being correctly applied. For example, a false negative means that the test cannot detect
the substance even if it is present in the sample. Consequently, the law cannot be enforced, and the
banned substance can freely circulate, endangering society. On the other hand, false positives indicate the
presence of an illegal substance that is not present in the sample. They happen because colors can react
with impurities or similar compounds to reveal the presence of a specific class of substances, which may
be mistaken for the illicit substance [20,30]. It is worrisome because a person carrying a lawful product
can suffer the legal consequences related to the banned substance. A typical example is cocaine, which
can be confused with other substances, such as caffeine, lidocaine, and procaine. In contrast, cocaine
identification by spot tests can return false positives because it is not frequently sold in the pure form.
Given that drug screening aims to identify the substance correctly and to assist in future confirmation,
studies are being published to avoid misidentification [35].

Colorimetric tests are primarily used because a chemical reaction yields a color change [21,36]. These
tests have gained prominence and have been widely applied for traditional substances, as shown in Figure
3, which illustrates an example of a forensic analysis route for an unknown seized substance.

Colorimetric tests do not demonstrate the same effectiveness for NPS: responses can vary according
to the NPS concentration in the sample [37]. Besides, a broad spectrum of color responses is possible
[38,39] because of the absence of control in NPS production, which can provide reaction residues, which
affect the color results [38,40,41]. Bearing in mind that instabilities in presumptive test results occur even
for well-known traditional substances, NPS analysis poses additional challenges, and uncertainties in NPS
color tests require a better presumptive tool. This situation calls for more frequent application of advanced
analytical equipment at the apprehension sites.
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Figure 3. Schematic representation of the use of colorimetric tests as a filter to indicate possible
substances [17,21,38,40,42].

Section lli: The basics of confirmatory tests

After a positive presumptive test, the substance structure must be confirmed. In this step, the use of
reliable analytical equipment is mandatory.

The Scientific Working Group for the Analysis of Seized Drugs (SWGDRUG) recommendations [43]
establishes three categories of techniques grouped according to their highest level of selectivity (see Table
1). In each identification category, the techniques are grouped according to the selectivity. For Category
A, selectivity is based on structural information. For Category B, selectivity is based on chemical and
physical characteristics. For Category C, selectivity is based on general or class information. Additionally,
the SWGDRUG recommendations state that:

¢ When a Category A technique is incorporated into an analytical scheme, at least one other technique

from Category A, B, or C that explores different chemical or physical properties of the analyte must
be used to support identification.

¢ When a Category A technique is not used, at least three different techniques must be employed; two

must be Category B techniques, whose combination should provide a high degree of selectivity. The
third technique (Category B or C) is required to support the identification.

For the analyte to be successfully identified, the test results must be positive, meet all quality control
requirements, and achieve the required selectivity. The UNODC’s Manual for use by National Drug Analysis
Laboratories [44] recommends that at least three entirely different analytical techniques (e.g., color tests,
chromatography, and spectroscopy) be used.
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Table I. SWGDRUG recommended techniques [43]

Category Technique

Infrared Spectroscopy
Mass Spectrometry

A Nuclear Magnetic Resonance

Selectivity based on Structural Information
Raman Spectroscopy

X-Ray Diffractometry
Capillary electrophoresis
Gas chromatography

B lon mobility spectrometry
Selectivity based on Chemical and Physical Liquid chromatography
Characteristics Microcrystalline tests

Pharmaceutical identifiers
Thin layer chromatography

Color tests
C Fluorescence spectroscopy
Selectivity based on General or Class Immunoassay
Information Melting point

Ultraviolet spectroscopy

There are disadvantages associated with confirmatory tests. Sample preparation can be significant and
time-consuming. Besides that, the sample can be destroyed during the testing process, and consumable
materials could be required [45—47].

Amphetamine-type stimulants — ATS (amphetamines and cathinones)

Phenylethylamines (phenylethan-2-amine) correspond to a group of small alkaloids with a basic
structure containing a benzene ring and an ethyleneamine carbon chain (Figure 4(a)) [48]. Amphetamines
and cathinones are among the molecules that belong to this group. Both structures are known as
substituted phenylethylamines. a-Methylphenylethylamine is the simplest amphetamine known to date
(Figure 4(b)) [49]; a-aminopropiophenone is a cathinone (Figure 4(c)) [50,51]. Along with synthetic
cannabinoids, these two groups are the main classes of substances that have fostered the rapid growth
of NPS’s worldwide phenomenon [52-55]. Cathinones and amphetamines have similar structures and
hence similar stimulating effects [56]. Their effects are comparable to the effects of cocaine on the body
[57-59]. Specifically, they act by inhibiting the return of the monoamine transporter proteins from the
synaptic cleft to the pre-synaptic neuron [60-62]. Although there are three monoamine transporters —
serotonin transporter (SERT), dopamine transporter (DAT), and norepinephrine transporter (NET) [63—-65]
— nonspecific transport between serotonin, dopamine, or norepinephrine and SERT, DAT, or NET has
been reported [66,67]. Cathinones and amphetamines are divided into classes depending on the carrier
they preferentially act [68,69]. The stimulating effects are complex but similar to the effects of cocaine
[61,69], and they include paranoia reflexes, delirium, tachycardia, hypertension, aggressive behavior, and
pulmonary edema [24,68,70-72].
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Figure 4. Schematic representation of the molecular structures of (a) Phenylethylamine, (b) Amphetamine-like
substances, and (c) Cathinone-like substances.

Amphetamines and cathinones have a similar chemical structure [73], which is challenging for their
characterization and differentiation. When colorimetric tests are used for initial evaluation, detection is not
based on structures but on a chemical reaction characteristic of specific functional groups. This reaction
causes a certain color to appear when the result is positive. However, false positives and false negatives
can occur because there are tests which lack specificity [74,75]. For example, the Marquis Test (Color test
- Category C) [38] provides a positive response for methylenedioxymethamphetamine (MDMA), fentanyil,
and tramadol [40], whose structures belong to different classes of drugs. It is necessary to have specific
detectors aligned with NPS demands, minimizing errors in presumptive tests. Possibilities include new
molecules for detection [76,77], nanomaterials [78—80], and macromolecules in sensors [81,82].

For amphetamines and cathinones, Category B techniques can chemically differentiate between them
due to differences in lipophilicity. The most straightforward structures may not have groups that alter
lipophilicity. Differentiation is possible due to the presence of B-ketone in the cathinone derivatives, making
them less lipophilic than amphetamines [4].

Different laboratory techniques can be applied to confirm presumptive tests. Mass spectrometry (MS)
[83—86] provides characteristic fragmentations for amphetamines and cathinones. Due to the presence of
the B-keto group in cathinones, chromatographic techniques can identify them [87—-91]. Techniques such
as nuclear magnetic resonance (NMR) [92—-96], spectroscopy in the infrared region (IR) [21,97-99], and
X-ray diffraction [100,101], among others [88,102—104], can accurately distinguish between amphetamines
and cathinones. From a legal perspective, the technical professional that carries out the analyses must be
able to distinguish between these substances because there is no consensus on banning amphetamines
and cathinones.

Although validation methodologies are available, detection techniques pose challenges. One of themis
thata condition of polysubstance may exist during apprehension. Substances such as caffeine, paracetamol,
and methaclopramide, among others, may structurally resemble amphetamines and cathinones. Besides
that, degradation products or residues from the synthesis of these substances must be considered [105].
Preparing samples from simple biological material, such as urine and saliva, does not require extensive
and complex procedures [83,89,106,107]. For more complex biological samples, like blood, meconium,
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or other unconventional matrixes [108—111], preparation requires steps that include the use of liquid or
solid extractions [112,113]. When the substances are still in their commercial form, in powders or tablets,
analysis can be directly performed by spectroscopic techniques or through dissolution for further analysis
[114—116]. Despite the constant challenges in analyzing amphetamines and cathinones, techniques have
been reported for their identification and characterization, including molecular imprinting extraction [117],
analysis of stable isotopes [118], methods based on electrochemical techniques [119—122], nanoparticles
or macroparticles [123,124], and miniaturization [125], all of which can be combined with chemometrics
[126-129].

Synthetic cannabinoids

A9-tetrahydrocannabinol (THC) and other cannabinoids are distributed differently in the brain, with high
concentrations in the neocortical, limbic, sensory, and motor areas. Cannabis affects almost every system
in the body; acts as anxiolytic, sedative, analgesic, and psychedelic agent; stimulates appetite; and has
systemic effects [130,131].

THC and other CB1 cannabinoid receptor agonists react to the responses of the central nervous,
providing beneficial analgesia, attenuating nausea, and vomiting in cancer chemotherapy, reducing
intraocular pressure, stimulating appetite in stressful syndromes, relieving muscle spasms/spasticity in
multiple sclerosis, and decreasing intestinal motility. However, undesirable side effects accompany these
therapeutic responses, such as changes in cognition and memory, dysphoria/euphoria, and sedation
[132-135].

Cannabis impairs cognitive and psychomotor performance. Its effects resemble the effects of alcohol
and benzodiazepines and include reaction deceleration, motor incoordination, specific defects in short-term
memory, difficulty concentrating, and impairmentin complex tasks requiring divided attention. Cannabinoids
produce dose-related tachycardia that can reach rates of up to 160 beats/minute or more, but tolerance is
developed with chronic use. Chronic marijuana smoking is associated with bronchitis and emphysema. At
high doses, the effects can change and (i) lead to recent memory loss and difficulty performing tasks that
require mental performance, (ii) cause anxiety, and (iii) trigger or aggravate a psychotic condition [130].
Synthetic cannabinoids comprise different products with chemical structures that resemble the structure
of THC (Figure 5), the primary psychoactive principle of natural cannabis. The structural characteristics
of synthetic cannabinoids allow them to bind to one of the known cannabinoid receptors, namely CB1
or CB2, present in human cells. The emergence of synthetic cannabinoids such as NPS, sold under
names like “Spice” and “K2”, was first reported in 2004. Since then, new drugs have been increasingly
reported in different parts of the world [136,137]. Synthetic cannabinoids encompass various structurally
different substances, with the possibility of structural changes, potentially modifying affinity for cannabinoid
receptors. In general, they represent a diverse group of potent psychoactive substances that can result in
agonistic, inverse agonistic, or antagonistic effects [136].

O O
Ry Ry

N\ N\

NH CH

R, R

Figure 5. Schematic representation of the molecular structure of synthetic cannabinoid-like substances.
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The large variety of molecular structures poses a challenge for forensic analysis and the identification
of synthetic cannabinoids [138]. The most common presumptive tests for Cannabis sativa L. are Fast Blue
B (FBB) and Duquendis-Levine, which are based on the reaction of the analyte with the phenolic groups
present in the chemical structure of the FBB and Duquendis-Levine reagents [139]. The emergence of
synthetic cannabinoids has posed significant problems for their presumptive identification by traditional
color tests. Despite being marketed and sold as “legal high” products, these substances do not contain
the active constituent present in marijuana, THC, so that Duquendis-Levine test could be inappropriate.
Synthetic cannabinoids are a diverse class of NPS that contain different sub-class structures [17]. A specific
test for these substances is challenging because analogous compounds present in vegetables can behave
similarly [139]. Literature shows studies on tests with synthetic cannabinoids. There have been reported
tests for the cannabinoid JWH-019 which provide false positives results [140]. The Fast Blue BB reagent
(FBBB) has been studied to test three cannabinoids: THC, cannabidiol (CBD), and cannabinol (CBN).
There are commercial teas which have been used for comparison and proven to interfere in the test
when extracted with polar solvent [141]. Microcrystal testing is not an alternative for analyzing synthetic
cannabinoids, either, because herbal mixtures have low concentrations of analytes. Commercially available
tests do not provide satisfactory results for all synthetic cannabinoids [136,142]. There are examples of
experimental conditions to determine specific synthetic cannabinoids by thin-layer chromatography (TLC)
[143].

Color and microcrystal tests are unsuitable for analyzing herbal products due to the low concentration
of analytes and possible interferents. In this case, ion mobility spectrometry (IMS) can be considered a
sensitive screening method for use as a presumptive test. IMS is a fast and sensitive technique that can
detect traces of organic compounds, does not require extraction, and allows easy sampling and handling.
The technique can be used as a rapid field detection technique [30,136].

The analytical approach for obtaining information about the chemical structure of synthetic cannabinoids
differs from the classic analysis of phytocannabinoids. An essential aspect to consider is sampling:
although each product is sold under a specific commercial name, the same group or lot might have different
contents. Sensitive methods are necessary to analyze low concentrations of synthetic cannabinoids
(usually 1-30 mg g™), and matrix interference may be possible. Several methods can assist in the analysis:
gas chromatography with flame ionization detector (GC-FID), gas chromatography with infrared detector
(GC-IRD), gas chromatography with mass detector (GC-MS), TLC, Fourier transform infrared (FTIR), and
attenuated total reflectance FTIR (ATR-FTIR) [136].

Simple extraction procedures are crucial for chromatographic analysis because active substances
usually adhere to the surface of the plant material. GC-MS analysis can be considered the gold standard
because it provides excellent chromatographic resolution. Furthermore, it allows active ingredients to be
identified by their spectra with cold electron ionization (GC-MS-EI). However, this technique can be limited
when position isomers are analyzed. The analyst should consider performing additional measurements
with other IR or GC-IRD techniques to distinguish between them and to provide unambiguous identification
[136,144].

Different synthetic cannabinoids exist, so GC-IRD is a valuable tool to identify similar molecules, such
as regioisomers, diastereomers, and other isobaric molecules that exhibit almost identical MS spectra.

TLC is a cheap and fast technique that allows large numbers of samples to be processed. When
coupled with ambient mass spectrometry techniques, such as Desorption Electrospray lonization-Mass
Spectroscopy (DESI-MS), a wide range of analytes can be identified [145].

In general, an extraction step allows a good IR spectrum to be obtained by evaporating the extract
directly into the ATR diamond cell. Mobile FTIR systems are also helpful for fast sorting of materials seized
in the field [146].

For quantitative analyses, techniques such as GC-FID, ultra-high performance liquid chromatography
(UHPLC), and liquid chromatography coupled to mass spectrometry (LC-MS/MS) can be used [136].
GC-FID can be employed for both qualitative and quantitative determinations. For samples with very
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low concentrations of the analyte, a more sensitive technique, such as liquid chromatographic methods,
should be used. This is because there are fatty acid derivatives can interfere in gas chromatography
methods. LC-MS/MS is suitable for analyses of low concentrations of synthetic cannabinoids in complex
herbal mixtures. Its low detection limits allow tracking and analysis of biological specimens, such as blood
and hair [147,148].

Other techniques and approaches can be applied to analyze synthetic cannabinoids in herbal products
[136]. Direct analysis in real-time mass spectrometry (DART-MS) or desorption atmospheric pressure
photoionization (DAPPI) can be directly used in plant material, without the need for extraction or sample
preparation [149,150]. High-resolution mass spectrometry (HRMS) can be used to determine the precise
elementary compositions of new synthetic molecules, double bonds, and precise mass of ions/fragment
[151]. Matrix-assisted laser desorption/ionization mass spectrometry (MALDI-TOF-MS) enables direct
qualitative analysis of herbal mixtures, offers fast and straightforward operation, provides high analysis
performance, and can be used for initial “screening” of confiscated material [152]. As for NMR, it allows the
structure of new unknown synthetic cannabinoids to be identified and elucidated [153].

NBOMes

NBOMes appeared in 2013 and were initially sold on the Internet as a legal alternative to LSD. They
are known as N-Bomb, Smiles, Pandora, and Dime. Increased consumption of these substances can be
attributed to their low price and wide availability, and they can be sold as powder, pills, ampoules, and
stamps. They are usually associated with intoxication and even death and have no reported therapeutic
use or adverse effects. This group consists of class 2C hallucinogens; more specifically, phenethylamines
(Figure 6). Despite their structural diversity, one of the most common NBOMes belong to the 25C-NBOMe
group [154-157].

The “2C” indication describes the chemical structure in which the phenylamino group is separated by
two carbon atoms. The appearance of NBOMes in the underground drug market was favored by the fact
that 2C substances contain substituents such as N-(2-methoxybenzyl) phenethylamines. NBOMes are
classified according to their substitution in the 4" position of the dimethoxy phenyl ring, to give substances
like 25I-NBOMe (lodine), 25B-NBOMe (Bromine), 25C-NBOMe (Chlorine), and 25H-NBOMe (Hydrogen)
and organic groups such as 25D-NBOMe (Methyl), 25E-NBOMe (Ethyl), and 25N-NBOMe (nitro). A
“complexant” called hydroxypropyl-b-cyclodextrin can be added to NBOMes during manufacture to make
these substances cross membranes more easily, which potentializes their effects. Studies on the activity
of NBOMe structures have indicated that the 5-HT2A receptor significantly increases the activity of these
substances and hence their pharmacological action. Their hallucinogenic effect stems from activation
of these receptors (which imply the same pathophysiology of depression and schizophrenia) given that
N-benzyl derivatives have a greater affinity for receptors than analogous “2C” substances. Like lysergic
acid, NBOMes are active in minimal doses, so they are often sold as an alternative to LSD [4,156,158—
160]. Because NBOMes are new, there is a lack of information about their toxicological properties. They
were prohibited only a short time ago.
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Figure 6. Schematic representation of the molecular structure of NBOMe-like substances.

One of the presumptive tests for detection of NBOMes is the Marquis reagent. This reagent consists
of a mixture of 37% formaldehyde and glacial acetic acid, and drops of sulfuric acid [161]. In contact with
NBOMe samples, the reagent may reveal different colors. According to the PRO Test 2021 color chart
from Chemical Safety, the colors are as follows: orange for 25C-NBOMe, 25D-NBOMe, 25G-NBOMe,
and 25T-NBOMe; greenish for 25B-NBOMe; pink for 25E-NBOMe; reddish-brown for 25IP-NBOMe and
25N-NBOMe; and brown for 25H-NBOMe and 25I-NBOMe. The Mecke test, which consists of adding
selenous acid to sulfuric acid, can also be used [161]. According to the same color table mentioned
previously, the revealed colors are green for 25E-NBOMe and 25IP-NBOMe, dark brown for 25I-NBOMe
and 25N-NBOMe, greenish yellow for 25D-NBOMe, dark green for 25H-NBOMe, and lilac for 25T-NBOMe.
Bearing in mind that the Marquis test is also used to detect MDMA and amphetamines and can react
with common substances such as sugars, false positives can occur because the same colors that would
correspond to a specific NBOMe can be revealed when in fact other substances are present in the sample.

The most recommended confirmatory tests to detect and to quantify NBOMe derivatives are liquid and
gas mass spectrometry, high-performance liquid chromatography (HPLC), and FTIR. Analysis of NBOMes
on blotter papers usually does not require sample preparation when infrared methods are employed.
This analysis is non-destructive and preserves the characteristics of the sample, being interesting for
forensic objectives. As for liquid chromatography, electroanalytical, and gas chromatography methods,
they demand organic solvent extraction, usually methanol. Analysis of biological samples, like blood,
urine, serum, vitreous humor, liver, and gastric content, requires extraction with organic solvent for
most techniques [162—166]. In samples seized on stamps, GC-MS or LC-MS/MS are generally used.
Spectrometric techniques are advantageous: they are not destructive, so the samples are preserved
after analysis. Another advantage of these confirmatory tests is the possibility of quantifying and verifying
possible impurities. Despite the reliability of these tests, special attention is still needed in the case of GC-
MS. Depending on sample preparation, it can be confusing for 2C molecules. These confirmatory tests are
mainly applied for seized and biological samples such as fluids and tissues [167—169].

Synthetic opioids

Opioids and opiates are different. Opiates are alkaloids directly isolated from opium, an extract from
poppy (Papaver somniferum), a plant with medicinal properties. Morphine, codeine, and thebaine are
prominent examples of opiates. Chemical modifications to these opiates afford semi-synthetic opioids.
Heroin is the most remarkable example of this class — it is obtained by deacetylation of morphine. In turn,
synthetic opioids are entirely produced in the laboratory, and they simulate pharmacophoric groups of
morphine. All these substances have agonist activity at opioid receptors and present similar mechanisms
of action, symptoms, and effects, but potency, time, and duration of action are different [170].
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New Synthetic Opioids (NSO) started to appear in 2010. In 2013, they became a serious public health
issue, starting the so-called opioid epidemic in the United States of America (USA) and the European
Union (EU). NSO can be divided into fentanyl analogous substances and non-fentanyl-related substances.
Fentanyl analogous substances (Figure 7(a)) are known as Nonpharmaceutical Fentanyl (NPF) and include
substances of the class 4-anilidopiperidine, which have been synthesized clandestinely or have not been
approved for medical use. In addition to fentanyl itself, the main fentanyl analogous substances include
carfentanyl, 3-methylfentanyl, alfentanil, acetylfentanyl, butyrfentanyl, furanylfentanyl, and p-fluorofentanyl,
among others. Non-fentanyl-related substances are less varied and do not belong to a single structural
class. Their terminology is linked to the pharmaceutical industry or to the researcher who synthesized it.
The main examples of these substances are U-47700, U-50488, AH-7921, MT-45, and fenampromide
(Figure 7(b)—(e)) [171,172].
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Figure 7. Schematic representation of the molecular structure of (a) Fentanyl-like substances,

U-50488, (c) AH-7921, (d) MT-45, and (e) Fenampromide.
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The most used technique for detection of synthetic opioids is chromatography; more specifically,
GC-MS and LC-MS/MS and liquid chromatography coupled to high-resolution mass spectrometry (LC-
HRMS) [173—-175]. High-performance liquid chromatography coupled to ultraviolet detector (HPLC-UV)
or amperometric detector (HPLC-AD) [176], ultra-performance liquid chromatography coupled to mass
spectrometry (UPLC-MS/MS) [177], and ultra-high performance liquid chromatography coupled to mass
spectrometry (UHPLC-MS /MS) are also used [178]. Other techniques include IMS and direct analysis of
thermal desorption in real-time mass spectrometry (TD-DART-MS) [179], Raman and Infrared spectroscopy
[180], and NMR [181].

Analyzed matrixes include blood (whole blood, serum, and plasma), urine, liver, bile, vitreous humor,
brain, gastric tissue, kidney, seized samples, and sewage. As for extraction techniques, dilution, liquid-
liquid extraction (LLE), solid-phase extraction (SPE), and protein precipitation (PP) are generally used
[88,173].

The presumptive tests that are most used to detect synthetic opioids are colorimetric tests, thin-layer
chromatography, strip tests, and immunoassays [21]. Among the colorimetric tests, the commercially
available Marquis test and Scott test stand out, as well as the Eosin Y test, which is not yet commercially
available. These three tests provide adequate results for the presumptive detection of 18 fentanyl analogs.
The fentanyl analogs react with the Marquis reagent, to form an orange color immediately and a dark
brown color after five minutes. MDMA, heroin, codeine, and morphine also respond to the Marquis reagent,
albeit with different colors. The Scott reagent reacts with the fentanyl analogs, benzocaine, and cocaine, to
form a blue tint. The Eosin Y reagent reacts with the fentanyl analogs, to give a dark pink color, and with
benzocaine, procaine, caffeine, acetaminophen, cocaine, codeine, morphine, and heroin, to result in a light
pink color. The discriminating ability of TLC (SiO,, chloroform-benzene-methanol (10:2:1v/v/v)) has been
tested for fentanyl, 4-ANPP, and heroin analogs. TLC can detect the analytes with the modified Dragendorff-
Ludy-Tenger reagent, and their retention factors (Rf) have been recorded. Although discrimination of all
the 18 fentanyl analogs is not entirely possible, discriminating the fentanyl analogs from N-phenyl-1-(2-
phenylethyl)-4-piperidinamine (4-ANPP) and heroin is feasible under these conditions [88].

Immunoassay-based strip tests have been tested for 28 fentanyl analogs. The selectivity and sensitivity
of the tests allow between 21 and 24 analogs to be detected. The tests depend entirely on the concentration
of the drug solution [182]. Evaluation of immunoassay-based tests has shown that they can detect 11
fentanyl analogs [183]. Immunoassays for opioids use mainly morphine to indicate the result, which
can make detection difficult when various drugs are present in the seized sample, making identification
impossible [33].

Benzodiazepines

Benzodiazepines, or benzos, are central nervous system depressants with a fused benzene and a
diazepine ring system [184]. Figure 8 shows their basic chemical structure. They are classified as sedative-
hypnotic medications. They have been prescribed since the late 1960s in the United States because they
are highly effective for several medical disorders and short-term treatment of mental health disorders
such as anxiety, insomnia, and panic disorder, with the advantage that they are safer than other drugs,
especially barbiturates [184—189]. The most common benzodiazepines are diazepam (Valium), lorazepam,
and alprazolam, and their abuse has been discussed by Cole and Chiarello [185].
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Figure 8. The classical structure of benzodiazepines is based on a 5-aryl-1,4-
benzodiazepine structure. “R” labels denote common locations of side chains,
which give different benzodiazepines their unique properties [44].

The abuse potential of benzodiazepines was recognized as soon as they started being prescribed,
which led the United Nations Convention on Psychotropic Substances 1971 to place 38 benzodiazepines
under control [54,190]. Benzodiazepines are one of the most prescribed drugs in the world. They have
been linked to a relevant number of deaths. Indeed, many people who were prescribed these drugs for
legitimate medical treatment became addicted to them and developed abusive behavior. In the United
Kingdom (UK), 21 million benzodiazepine prescriptions take place every year, and 1.5 million people are
estimated to be addicted to them [188,191,192].

The abuse of benzodiazepines is a global issue, and anincreasing number of NPS-benzodiazepines have
appeared in various countries [186,187,193,194]. Elliot and Evans [186] reported that benzodiazepines were
present in 38 of 203 cases related to NPS between 2010 and 2012. By 2013, new benzodiazepines such
as etizolam and flubromazepam had emerged. Benzodiazepine abuse was reported to have contributed to
45% of the opioid-induced deaths in Australia in 2016. Furthermore, in 2017, sedative hypnotic substances
represented 33% of the overall NPS reported to UNODC for the first time at global level [195].

Manchester et al. [190] mentioned the emergence of NPS-benzodiazepines in many countries all over
Europe. Several of these substances have never undergone the clinical testing that is required of licensed
medicines, so their increasing availability poses serious health risks to polydrug users and benzodiazepine-
dependent patients who can no longer obtain their prescription and may turn to other means of obtaining
benzodiazepines.

In the case of benzodiazepines, which are usually supplied as tablets, capsules, or liquids to be
injected, the presumptive test is the Zimmerman test [18,44]. This test is not specific for benzodiazepines,
so analysts are advised to combine TLC and cooler development after spraying with selected reagents
as a presumptive test. In seized samples, benzodiazepines are commonly present as the free base,
hydrochloride, mesylate, or salt.

TLC is a technique that gives good separations for several benzodiazepines. Different preparation
methods and visualization are prescribed, and results have been reported for three solvent systems [44].

A colorimetric test based on cobalt thiocyanate has been developed for presumptive identification of
benzodiazepines. Such test can be used to quantify these substances and has the advantage of being rapid,
highly specific, and low-cost. This color test produces green color for eight benzodiazepines — nitrazepam,
temazepam, diazepam, bromazepam, clonazepam, estazolam, lormetazolam, and alprazolam, whereas
developed color was absent in other controlled or pharmaceutical substances tested during the study.
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Therefore, this test can be a helpful presumptive screening tool for benzodiazepines in suspected illicit
samples and pharmaceuticals [196].

GC-FID can analyze most benzodiazepines. However, many of these substances may undergo thermal
degradation. GC-MS provides precise spectral data for individual analytes in complex mixtures, often
without prior separation. HPLC presents limitations regarding compound separation with benzodiazepines.
However, there are recommended methods for qualitative and quantitative analysis of the substances
under international control. LC-MS/MS represents a rapid, simple, and overly sensitive procedure for
simultaneous analysis of fourteen benzodiazepines. IR usually provides unequivocal identification of
benzodiazepines. Still, there are cases of poor solubility in chloroform samples, so the drug cannot be
separated in its pure form, which is a limitation of this method and requires other preparation methods [44].

Analytical methods for determining benzodiazepines in human biological specimens have also been
reported [190,197,198].

CONCLUSION

Correct identification of illicit substances is essential for law enforcement and health care and driving
justice and public policies. Although drug testing is routine in Forensic Laboratories, new analytical challenges
have emerged with the rise of new psychoactive substances. Even though various methodologies can be
used for drug identification, there is no specific testing methodology for NPS.

In the case of presumptive tests, joint problems and pitfalls include the fact that these tests cannot
differentiate numerous compounds thatare prohibited. The alternative would be using portable spectroscopic
equipment to increase reliability. However, such equipment is expensive and inaccessible to investigative
bodies. On the other hand, reliable confirmatory tests are costly and require special conditions for analysis.
They can require extensive sample preparation and may be destructive. One of the significant challenges
is obtaining analytical standards that can serve as a reference. Even though these tests are reliable, the
lack of analytical standards does not allow correct definitive identification. Furthermore, analysis is subject
to the analyst’s interpretations, which can be subjective. Even when resources for confirmatory tests are
available, they may not be sufficient to provide accurate information, thus limiting correct identification
[199].

In this paper, we have provided an overview of five classes of compounds. We have presented
characteristics and made comments regarding their testing. Information about these drugs is widespread
in the literature. It is essential to highlight that there is no ideal method for NPS identification. Combining
different analytical tools might be necessary when evaluating these substances. Besides that, new
analytical approaches can be constantly searched to improve detection and identification [28,138,200].

There is a constant demand for new information about the chemical characteristics and effects of
these substances. Concrete data on seizures, quantity, and types of substances are essential to feed
collaborative actions in law enforcement, regulation control, and harm reduction and help set drug policies.
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