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The article presents a comprehensive review of modern approaches to the detection of
synthetic cannabinoids and their metabolites in urine, taking into account both the
pharmacochemical characteristics of these compounds and the analytical methods used for their
identification in forensic chemical and clinical toxicology. The key differences between natural
cannabinoids and their synthetic analogues are summarized, including features of chemical
structure, mechanisms of interaction with cannabinoid receptors, as well as the nature of
cognitive, behavioral, and physiological effects. Special attention is paid to modern
immunochromatographic test systems used at the stage of primary toxicological screening for
synthetic cannabimimetic metabolites in urine. Their analytical sensitivity, specificity, and
diagnostic limitations are analyzed, which are largely due to the rapid expansion of new
psychoactive substances and the structural variability of synthetic cannabinoids. Modern
confirmatory analytical methods-gas chromatography-mass spectrometry (GC-MS) and liquid
chromatography-tandem mass spectrometry (LC-MS/MS)-are discussed in detail. Key stages of
biological sample preparation are described, along with analytical challenges associated with the
identification of low-concentration and thermolabile compounds. A critical evaluation of
analytical strategies aimed at improving the accuracy, reproducibility, and diagnostic significance
of laboratory results is provided, taking into account the continuous emergence of new
structurally modified synthetic cannabinoids.
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1.Introduction
Cannabis is the most affordable drug in the world [1, 2]. According to the UN Office on
Drugs and Crime (UNODC), about 4% of the adult population of the world has used cannabis at
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least once in their life. The therapeutic use of cannabis and its derivatives is rapidly expanding
and has been considered for the treatment of various health conditions, such as; multiple
sclerosis, muscle cramps, nausea during chemotherapy, to improve appetite in AIDS patients, as
well as against chronic pain and muscle cramps, and in certain forms of cancer t [3, 4]. The
primary psychoactive component of cannabis is A-9-tetra-hydro-cannabinol (THC), which
interacts with the CB1 and CB2 receptors; this interaction causes the main psychotropic effects
[5, 6]. New psychoactive substances (NPS) that contain synthetic cannabinoids (SC) have recently
been used for recreational purposes [7, 8]. The psychotropic effects of SC may be similar to
those experienced with cannabis, but they are more unpredictable and severe than those related
to cannabis [7, 9, 10]. Reported side effects associated with the use of SC are; impaired
coordination, paranoia, severe anxiety, convulsions, vomiting, confusion, heart rhythm
disturbances, and nausea [1, 2, 7].

Since 2004, manufacturers of illicit drugs began to produce herbal mixtures under
various brands, for example, “Spices” and “K2” [11]. They started entering the European market
in 2006 [12]. Chemical additives are sprayed on any dried plant material and consumed to
achieve psychoactive effects. To circumvent regulatory barriers, These products, have been
soldin many countries as incense, or as products suitable for aromatherapy not for human
consumption [13]. In most cases these preparations come without a declaration of ingredients,
and even when a c a list of ingredients is provided, the content of the SC is not indicated [14]. SC
were first registered in Germany for recreational use in December 2008, and forensic experts
discovered several synthetic cannabinoids (SC) in such herbal mixtures [15]. They were identified
in smoking blends sold as herbs sprayed or mixed with one or more synthetic compounds under
different names (e.g. Spice, Yucatan, Cold, K2 or Black Mamba). They could be easily purchased
for several years online, at petrol stations, or in “head stores” [16]. In 2008, the media in
Germany claimed that these products were a “legitimate” alternative to marijuana, but could not
be detected using common drug tests [17]. The most frequently detected compounds in the first
generation of Spice products were CP-47,497 and the JWH series [18], named after John William
Huffman, a professor at Clemson University. He first synthesized them in the laboratory during
the 1990s when studying human endocannabinoid receptors and he was evaluating their
potential use as therapeutic [19]. Since then, the types of Spice and new SC have been constantly
increasing. SC can cause severe toxicity and, as such, the development of analytical methods for
the detection of these compounds in various biological matrices is very important for clinical and
forensic purposes. However, for the detection of SCs and metabolites in biological samples, the
use of conventional drug screening tests, is difficult because SCs is structurally different from
delta-9 tetrahydrocannabinol (THC), [20, 21]. The development of analytical methods for
synthetic cannabinoids in biological samples is a problem not only for forensic examination in
Kazakhstan, but throughout the world for several reasons; the lack of available reference
materials, low concentrations of synthetic cannabinoids in the body and the similarity of
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structures of various metabolites, which may complicate the work of forensic experts. This article
evaluates the progress made to date towards the analysis of synthetic cannabinoids and their
metabolites in urine samples. The most promising methods that could be implemented in
Kazakhstan are also considered.

2.Pharmacochemical properties of synthetic cannabinoids

Synthetic cannabinoids are called synthetic substances that are able to interact with one of the
famous cannabinoid receptors - CB1 or CB2, which are present in human cells. They cause
psychotropic effects similar to the action of delta-9-tetrahydrocannabinol (hereinafter - A9-THC)
- cannabis alkaloid [22, 23]

The CBI receptors are located mainly in the brain and spinal cord and are responsible for
the characteristic physiological and psychotropic effects of cannabis. This explains the variety of
effects produced by marijuana. Its main psychoactive effect is due to the influence of A9- THC on
the cerebral cortex. Memory impairment in marijuana users occurs due to the effect of A9-THC
on the hippocampus. The effect on the motor functions develops as a result of the impact of A9-
THC on the motor centers [24].

The CB2 receptors are mostly located in the spleen and on cells of the immune system;
this explains their immunomodulatory effect. Binding of synthetic cannabinoids to cannabinoid
receptors can cause (partial) agonistic, inverse agonistic or antagonistic effect. For drug
treatment practices are of interest exhibiting high affinity and full agonistic activity to CBI
receptors (Table 1) [24].

Table 1.
Differences between pharmacological and toxic effects of natural and synthetic
cannabinoid
Natural cannabinoids (NC) Synthetic cannabinoids (SC)

Partial agonists of cannabinoid receptors | Complete agonists for cannabinoid receptors
CB1 and CB2 CB1 and CB2

Cannabinoid tetrad (hypothermia, | Cannabinoid tetrad most expressed in the
analgesia, catalepsy, motor suppression | following order: JWH-018> JWH-073> A9-
activity) is least pronouncedin the following | THC.

order: JWH-018> JWH-073> A9-THC [24].

Metabolic products are inactive Metabolic products are substantially active, in
some cases they can act as inverse CBI
agonists.
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Sympathomimetic activity moderate Sympathomimetic activity is 2-3 times higher
than natural cannabinoids

Ability to cause hallucinations - with | Ability to cause hallucinations - 5 times higher

overdose than that of A9-THC (hallucinatory-delusional

(hallucinatory-delusional syndrome as a | syndrome as a manifestation of acute

manifestation of overdose) intoxication)

Antiemetic effect Nausea, vomiting

Anxiolytic) effect Anxiety

3. Analytical methods for synthetic cannabinoid detection

The SCs cannot be detected by the conventional screening methods used for A9-THC.
Cannabinoids are not detected with standard immunochromatographic tests employed for
narcotic substances [25, 26, 27, 28]. A state of intoxication can be caused by ultra-low doses of a
substance therefore, detectability is directly related to the sensitivity of the method used.
Specialized gas chromatographic and mass spectrometric methods have been developed for the
identification of both intact SCs and their products rapid metabolism in the human body.

There are a number of difficulties associated with the identification of the composition of
synthetic cannabinoids. These include but are not limited to: lack of samples for comparison,
constant composition change in response to the introduction of prohibitive measures, and the
extensive use by the manufacturer of masking agents of natural origin such as tocopherol
(vitamin E), eugenol or fatty acids [29]. Smoking mixtures are expected to contain at least 15
different herbal ingredients. Different combinations of this ingredients give a wide range of
different product that can cause different effects. There is no doubt that understanding the
clinical pharmacology aspects of these of psychoactive substances is key in assessing the toxicity
and the effects produced by these substances [30, 31, 32, 34]. Significant progress in
determining the chemical composition of smoking mixtures have been made through the use of
gas chromatography methods coupled to mass spectrometry detection (GC-MS) [22, 34].

One of the emerging problems with the recognition of synthetic cannabinoids in biological
matrices is the constant development of new synthetic cannabinoids, because new drugs cannot
be detected using existing analytical methods [35].

Non-target screening provides a more suitable approach for analyzing known or unknown
SCs. Much work has been done to develop fast, high-resolution MS screening methods that can
be updated more quickly with the help of new drugs with untargeted detection of all ions to fit
the constantly changing menu of detectable drugs. For non-targeted screening of synthetic
cannabimimetics in urine, a method has been proposed, based on the fact that during the
exchange substances are formed metabolites, having in their based on the same basic structure
as the original substance. Knowing the mass of the latter, as well as the main possible metabolic
pathways can be considered a set of molecular and pseudomolecular ions of metabolites and,
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based on the initial, basic structure of the analyte, we can assume some common ions-products
and calculate their exact mass. In order to reduce the number of probable candidates, the
accuracy of the determined masses can be used: for stretched molecules, the permissible
difference in masses is 10 ppm, and for product ions, no more than 20 ppm. A prerequisite for
this screening option is the presence of common ions [36, 37, 38].

Urine is one of the most common matrices used in drug testing because of the sample
volume, high drug concentrations, and longer drug detection interval compared to blood and
oral fluid. New SCs can be identified in blood and oral fluid if the testing laboratory has access to
structural information and makes use of an untargeted analytical approach. However, the ability
to detect these potent drugs is limited, so it is important to identify metabolites of the urinary
marker as targets. In forensic and clinical cases of SC, urine samples are hydrolyzed with b-
glucuronidase to increase sensitivity to the total concentration of SC, and the characteristic
metabolites of phase | are selected as metabolites of urinary metabolites to confirm SC intake.
Most ICs are released as glucuronides or sulfates after metabolism of phase Il. In addition, phase
Il glucuronides and sulfates are not as stable as phase metabolites and can be spontaneously
converted into the corresponding glycones [36].

3.1 Sample preparation.

In the study, sample preparation was carried out as follows. The deconjugation of phase
Il metabolites was performed by acidic and enzymatic methods. With acid deconjugation to 2.5
ml of urine 0.25 ml of hydrochloric acid (conc.) was added and heated for 60 minutes at
temperature is 90-95°C. The mixture was extracted with chloroform (3 ml), centrifuged and the
separated organic phase was evaporated to dryness in a stream of nitrogen at a temperature not
higher than 45°C. With enzymatic deconjugation to 2.5 ml 50 pl of B-glucuronidase and 1 ml of
phosphate buffer (0.8 M, pH 5.5) were added to urine. The mixture was incubated at 37°C for
24 hours. The subsequent steps were the same, as with acid deconjugation. The dry residue was
dissolved in 100 pl of phase A (for LC-MS / MS) or (for GC-MS) was derivatized by
trimethylsilylation or methylation.
Trimethylsilyl (TMS) derivatives were obtained in 50 pl of a mixture of ethyl acetate and BSTFA
(1:1 by volume) at 50°C for 30 min. For methylation (Me) residue dissolved in a mixture of dry
dimethyl sulfoxide (100 pl) and hydroxide tetramethylammonium (5 pl) with continuous stirring
for 2 min, after which 20 pl methyl iodide was added and mixed again for 10 minutes. Then an
aqueous solution of ammonia (0.1 M, 2 ml) was added and extracted with ethyl acetate (3ml) The
separated organic phase was washed with 2 ml of ammonia solution of the same concentration
and evaporated to dryness. The residue was dissolved in 50 pl of ethyl acetate and injected into
the chromatograph.
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3.2 GC-MS.

For the detection and identification of metabolites the same study used 6890 gas
chromatographs coupled to 5975VL single-quadrupole mass spectrometers (Agilent Technologies,
Santa Clara, USA). Separation was performed using columns: weakly polar HP-5ms (30 m x 0.25
mm x 0.25 pm) and mid-polar DB-5ms (15 m x 0.25 mm x 0.25 pm) operating in three gradient
modes. All three programs had the same initial stages: 50 ° C (0.5 min), 99°C / min (100°C, 1
min) and differed in the next two (Table 2).

Table 2.
The final stages of the temperature program of two columns for three modes
Mode Column
No. I'Hp-5ms DB-17ms
Rise, °C / min | Plateau, ° C Rise, °C / min | Plateau, ° C

1 15 280 9 280
2 35 300 20 300
3 60 320 40 320

The injector and interface temperatures were 270°C and 290°C, respectively. Samples (0.2
pl) were injected without being split (splitless), carrier gas helium (Iml / min). Mass spectra were
recorded by electron impact ionization (70 eV), the ion source and quadrupole temperatures were
230 °C and 150°C, respectively.

3.3 LC-MS / MS.

Liquid chromatography-mass-spectrometric measurements performed using a 1200 microflow
chromatograph with a Zorbax column Eclipse XDB-C18 (2.1 x 150 mm, 3.5um, 40°C) associated
with a 6460 tandem (three-quadrupole) mass spectrometer (Agilent Technologies). Divisions
carried out in a gradient mode with mobile phases A (ammonium formate, pH 5, 20mM) and B
(acetonitrile) according to the following program: 40 vol.% of phase B (1 min); linear gradient to
90 vol.% of phase B (15 min) with preservation of the composition for 4 min The flow rate is
0.25ml/min, the volume of the injected sample is 5pl. Mass spectra recorded in the mode of
positive electrospray ionization; drying gas nitrogen, 300 ° C (7 I/min). The voltage on the
capillary tip and the fragmenter was 3500, 500 and 80V, respectively; collision energy 20V.

3.4 Discussion

In fig. 1 shows the structural formulas considered cannabimimetics and their metabolites. The
main directions of metabolism JWH-018 and JWH-073 are considered in [39-44] (Fig. 1). In most
cases monohydroxylated forms (M6) are characterized by the highest content, whose hydroxyl
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groups are located on (w-1) -th carbon atoms side N-alkyl chains. To detect these forms most
convenient the method of derivatization is trimethylsilylation [39, 41, 45].

Dealkylated hydroxylated metabolites (M1-M4) were initially detected in urinary samples in
significant concentrations for the case of JWH-018 [39, 45]. In their structures, hydroxyl groups
can be in different positions of the indole and naphthalene residues.
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Fig. 1. Major metabolites JWH-018 and JWH-073 and their analytical forms (GC-MS)

According obtained with the method reported in 3.1, 3.2 and 3,3, the metabolite
dihydrodiol M5 can only be detected after enzymatic deconjugation of urine samples using
glucuronidase (apparently, as a result of epoxidation and subsequent hydrolysis naphthalene
residue [46]. In addition, acid hydrolysis of M5 leads to dehydration, and, as a result, to the
formation of M3 and M4. Since it is currently unknown if compounds M3 and M4 are products
of enzymatic hydrolysis of M5 in vivo, or they remove water as a result of spontaneous non-
enzymatic processes, then these compounds can be considered as metabolites and forms
artifacts, or their mixture. For simplicity, the M3 and M4 connections following presentation will
be referred to as metabolites [45].
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Fig. 2. lon chromatograms (LC-MS/MS) of dealkylated extracts metabolites JWH-073 (A-C),
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structural Metabolites (D-F)

Fragmentation of protonated metabolites M1-M5 results in the cleavage of the bond between the

carbonyl group and the aromatic residues, as well as (for M5) in the dehydration of the
dihydrodiol derivative. As shown in fig. 2A-C the amount observed for the M3 and M4 metabolites
is slightly less than M1, M2 andM5.
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Fig. 3. lon chromatograms of extracts (SIM mode, GC-MS) methylated metabolites M1-M4 in urinary
specimens positive for JWH073 (A) and JWH-018 (B). Acid Deconjugation, HP-5ms column
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The reliability of detection of metabolites is determined, in particular, by their concentration in
the urine samples (which is strictly correlated to the time of sampling after smoking), as well as by
the dose and the smoker’s physiological characteristics (Fig 3).

Conclusions

Synthetic cannabinoids are the fastest growing and the most popular among new
psychoactive substances not only in Kazakhstan, but throughout the world. Forensic toxicology
laboratories involved in the analysis of synthetic cannabinoids and their metabolites are under
increasing pressure to develop reliable detection methods. The everchanging structure of
synthetic cannabinoids, and the availability of new species on the market, create great difficulties
for forensic experts to identify these drugs in in biological matrices. Several methods have been
investigated in this article for the analysis of synthetic as cannabinoids The GC-MS and LC-MS / MS
methods showed the identification of four dealkylated monohydroxylated urinary metabolites JWH-
018 and JWH-073 with their chromato-mass-spectrometric characteristics. A cost-effective method
for determining the use of synthetic cannabinoids using the example of JWH-018 and JWHO073
without the possibility of their differentiation is proposed. The method is based on the detection of
dealkylated metabolites in the urine of smokers by GC-MS method after sample preparation,
including acid deconjugation and synthesis of methyl derivatives. In this method, compared with
the method for determining trimethylsilyl derivatives, there is some decrease in sensitivity,
however, its advantage is that there is no need to use silylating derivatizing agents that cause the
modification of stationary phases to detect a number of synthetic cannabimimetics and their
metabolites in biological objects.
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BbIABJIEHUE CUHTETUHECKUX KAHHABMHON,0B B MOYE:
COBPEMEHHbIE METOJ1bl, AHAJIMTUMECKUE NOAXOAbl U JNIYHLUUE
NNIABOPATOPHDbDIE NMPAKTUKHN

Ypmarnmaes A.T.

B cmamee npeacmasﬂeH KOMNJ1eKCHbI O630p COBpemMeHHbIX Nnooxo008 K BbIABIEHUIO

CuHmMemu4eckux KaHHabuHoudos u ux Mmemabonumos 8 Moye, y4umbiBarOWUL  KAK
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apmaroxumuyeckue ocobeHHocmu OAaHHbIX COeOUHeHUll, maK u aHanumu4eckKue Memoobl UX
obHapyxeHus 8 cyOebHo-xumu4eckol u KauHu4eckol mokcukonoauu. Ob6obweHb! KItoYesble
pasnuyua mexoy NPUPOOHbIMU KAHHAOUHOUOAMU U UX CUHMemMUuYecKUMU aHa02amu, BKIOYAA KaK
ocobeHHOCMU XUMUYecKolU CcmpyKmypbl, MeXaHU3Mbl B83aumoldelicmsus ¢ KAHHAOUHOUOHbIMU
peuenmopamu, Mak u Xapakmep KO2HUMUBHbIX, NosedeHYeCKUX U ¢hu3uonozudeckux aghghekmos.
Ocoboe sHumMaHue yOeneHO COBPEMEHHbIM UMMYHOXPOMamo2paghudecKkum mecm-cucmemam,
NpUMeHAEeMbIM HA 3mane nepsuYHO20 MOKCUKOI02UYEeCKO20 CKPUHUH2A CUHMemMuUYecKux
KaHHabumumemudyeckux memabonumos 8 moye. [lposedéH aHanusz ux aHanumu4deckol
4yscmsumenbHOCMuU, cneyugpudHocmu U OUAZHOCMUYECKUX OepaHuyeHull, 0bycnosneHHbIX
b6bicmpbiM  OOHOBMIEHUEM CcneKmpa HOBbIX NCUXOOKMUBHbIX B8ewjecms U cmpykmypHol
8apuabenbHOCMbIO CUHMeMUYeCKUX KaHHabuHoudos. [loOpobHO paccmompeHbl cospemMeHHbie
memoObl nodmsepx0arouje2o aHaau3a - 2a308asa xpomamoepagus-macc-cnekmpomempua (GC-
MS) u ¥udrkocmHasa xpomamoepaghua-maHOoemHas macc-cnekmpomempus (LC-MS/MS). OcseuwieHbi
Karo4esble amanbl npobonodzomosku buonoeudeckux obpasyos, a makde aHaaumMuyeckue
mpyOHocmu, CBA3aHHble ¢ udeHmugbukayueli HU3KOKOHYEHMPUPOBAHHbIX U MepMONabunbHbIx
coeduHeHuli. [lposedeHa Kpumuyeckas oUeHKa aHanuMuyeckux cmpameeuli, HaGNPasneHHbIX Ha
nosbiweHue mMoYHocmu, 80CNpou3soouUMocmu U OudazHocmuyeckol 3HaYyuMocmu pe3ybmamos
nabopamopHbIx  uccnedosaHuli, € y4émoM NOCMOAHHO20 NOABNEHUA HOBbIX CMPYyKMYypPHO
MOOUGhUYUPOBAHHbIX CUHMeMUYeCKUX KaHHabUHOUOO8.

KnroyeBble cnosa: cuHmemuyeckue KaHHAbUHOUObI, UMMYyHOXpomamozpaghus, Xpomamo-
macc-cnekmpomempus, — Moya,  Memabonumsbi,  HOBble  NCUXOAKMUBHblE  Bewjecmad,
KO/MuYecmseHHbIl aHanu3, MOKCUKONo2UYECKUL CKPUHUHE.

UhLla6Shy LULLURPPLNPALENMP KUSSLUREMNRUL UBRNKU.
Juvurvuuuyh8 Jd6MrLNhouuul UkENILEN 64 LUANCUSOP
LU4uUgnNh3L enraushsuuwut NruusShuuner

Mpdwtpul U. S.

<nnywémd  bbpyuywgdws  E dbgmid  uptpbipphly  Gubbwphunhnubph U npwtg
dbypwpnihipulinh hwyippbiwpbpdwt dwdwbwluwlhg dnipbgnidubiph hwdwihp wlbwplyp' hwydh
wnubiny htuswbu ppdyuwy dhwgnyeynitbph pwpdwynppdhwlwt wnwbsbwhwinynyeyniutinp,
wjbwbu k npwbg  hwpipbwpbpdwt  JGpiniswlwt - dbGennbbpp  nwpw-phdhwlwi b
iphupuwlywt ppnpupyninghuyp ppowtiwliupmd: Udihnihyly 6o pbwlwi Yubbwphiinhnbtinh L
npwtg upbipliphly wbwinqubph dholi wnlw hhdbawlhwl pwppbpnygynitiibpp’ bepwnyuwy
phdpwlwi Guwnnigduwdph wnwbdbwhwinynyggnibilipp, Guwbtwphtinhnuypti nbgbwnnputinh
htGyn thnfuwqnbigniygyut dfuwthquutinp, ptswbu bwl dwhwsnnulwt, Juppwpwiwlwl b
$hahninghwljwiti wanbgniyeyniiiiph ptnypep:
<wpniy  npwnpnygnit £ nwpddws  dwdwbwluwlhg  hdnianfupndwipnngnuwpply  plugpughb
hwdwlwpqgbipht, nnntip Yppwnynid Gt daqnid uptipbppply Guwbbwphdhdbphly dGipwpnipipptibnh
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wnwobuyhti  tpnpuplyninghwlywt  ulpphtihigh  thnynid:  Ywypwpyly £ npwbig  Yepinidwlwt
qquyniunipwli, wnwbdbwhwipynypywt b whigpnpnphs uwhdwbwhwlynmdbbph quwhwypnd’
wuydwbwinpwd unp hnqbwlpnhy Wnielbiph uwblpph wpwa ptnuytdwdp U uptptiphl
wbtwphtnhntbiph unnigdwdpuyhti pwpdp thnihnpuwlywbingsywdp:

VUwipwdwut pbbwplyly b dwdwbwlwlhg hwupwpnn Japnidwlwt depnnlbinp’ ququyht
ppndwipnngpud-dwuu-uybyinpndbynphw (GC-MS) L htinnily ppndwipngnwd-ipwinbd  dwuu-
uyblyipppndyppppw - (LC-MS/MS): Lnwwpwbdty G YGhuwpwbwlwlh  Gdniptbph
bwhpiwwwippwupndwl hhdbwwb thnylinp, puswbu bwl wyb Yepinidwywt nddupniginiutin,
npntip  Yuwwyws Gb gwdn Ynbgblppwghw nibbgnn U obpdwqquynii  dhwgniiniiiiph
bnybwlwbwgdwt hby:

Rutiwnuwppnptt Gu quwhwindmd wyti JGpnidswywt  nwquwdwpnieniatibpp, npnip
ninnywé &b qwpnpwgpinp hywgnnuygyniuiph wipnynipliiph Goapynyeywit, Ybpwpipwnnby-
hnipjwit b wpapnpnpps  bpwbwlnigpul pupdpwgdwbp — hwpdp' wnbbing  bnp - Lunng -
Juépwipti - dnnhphlugywé uptiplinhly Yuttwphtnpnttiph Kuywlwl h huyip quip:

Pwbwih pwnbip. uhbpbtiphly Yuwbbwphtinhntbn, hdniinfupndwipngnwdpw, ppndwipn-
dwuu-uwblyippndbippppw,  dbiq, dbypwpnihippbip, tnp  hngbwlyiphy  tynielin,  pwbwluwlwb
ybpinidnigynili, tnnpupyninghwlywt uyphtiptiq:
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