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New psychoactive substances (NPS) are an emerging public health issue and
deaths are commonly associated with polydrug abuse. Moreover, the number
of new substances available is constantly increasing, causing intoxications in
low doses, characteristics that impose to toxicology and forensic laboratories to
keep routine methods up to date, with high detectability and constantly
acquiring new analytical standards. Likewise, NPS metabolites and respective
elimination pathways are usually unknown, making it difficult the detection and
confirmation of the drug involved in the fatal case in an analytical routine. A
literature search was performed on PubMed, Scopus and Web of Science
databases for papers related to chromatographic analyses from fatal cases
related to NPS use published from 2016 to 2021. A total of 96 papers were
retrieved and reviewed in this study. Opioids, synthetic cathinones,
phenethylamines/amphetamines and cannabinoids were the NPS classes
most found in the fatal cases. In many cases, multiple compounds were
detected in the biological samples, including prescription and other illegal
drugs. Liquid chromatography-tandem mass spectrometry, an alternative to
overcome the gas chromatography—mass spectrometry limitations for some
compounds, was the analytical technique most used in the studies, and high
resolution mass spectrometry was often applied to NPS metabolite
investigation and structural characterization and identification of unknown
compounds. Toxicological screening and quantitation methods need to be
continuously updated to include new substances that are emerging on the drug
market that can be fatal at very low doses.

KEYWORDS

new psychoactive substances, GC-MS, LC-MS/MS, HRMS, opioids, synthetic
cathinones, fatal cases

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/ftox.2022.1033733/full
https://www.frontiersin.org/articles/10.3389/ftox.2022.1033733/full
https://www.frontiersin.org/articles/10.3389/ftox.2022.1033733/full
https://crossmark.crossref.org/dialog/?doi=10.3389/ftox.2022.1033733&domain=pdf&date_stamp=2022-10-25
mailto:eloisa@unb.br
https://doi.org/10.3389/ftox.2022.1033733
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/toxicology
https://www.frontiersin.org
https://www.frontiersin.org/journals/toxicology
https://www.frontiersin.org/journals/toxicology#editorial-board
https://www.frontiersin.org/journals/toxicology#editorial-board
https://doi.org/10.3389/ftox.2022.1033733

Ferrari Junior et al.

Introduction

New psychoactive substances (NPS) are drugs that are not
scheduled under the 1961 United Nations Single Convention on
Narcotic Drugs or the 1971 United Nations Convention on
Psychotropic Substances, and are synthetized to mimic the
effect of traditional drugs (UNODC, 2021a). The illicit market
of NPS has been constantly changing due to introduction of new
substances, which brings potential new public health problems,
since little is known about their toxicology, with reporting of fatal
poisoning cases worldwide (UNODC, 2020).

Some NPS are classified as a group based on structural
similarity and/or psychoactive effects. Furthermore, there are
also similarities among the NPS groups, as example,
phenethylamines also include amphetamines, which have
structures similar to cathinones. With the same quickness that
the NPS appear in the market, they are replaced for other analogs
to escape from the official control of illegal substances
(EMCDDA, 2021a), which brings a constant challenge for
that

techniques to elucidate intoxication cases. Figure 1 shows the

forensic laboratories uses mostly chromatographic
chemical structure of the main NPS groups discussed in this
review.

Gas chromatography coupled with mass spectrometer
detector (GC-MS) is a robust analytical instrumentation
applied to systematic toxicological analysis, which is available
in most forensic laboratories, providing unequivocal molecular
identification and acceptable limits of detection for the majority
of compounds of toxicological interest (Rojkiewicz et al., 20165

Ellefsen et al., 2017; Atherton et al., 2018; Dwyer et al., 2018;

10.3389/ftox.2022.1033733

Majchrzak et al., 2018; Ivanov et al., 2019; Tiemensma et al., 2020;
Woods, 2020; 2021). However, liquid
chromatography-tandem mass spectrometry (LC-MS/MS)
methods are able to overcome analytical limitations of the GC

Cartiser et al,

techniques, such as thermal degradation (Ferrari Junior et al.,
2020), providing lower detection limits that are needed for some
compounds, as synthetic cannabinoids (Gieron and Adamowicz,
2016; Shanks and Behonick, 2016; Angerer et al, 2017;
Adamowicz et al., 2019; Zawadski et al., 2020a; Hvozdovich
et al., 2020; Krotulski et al., 2021a), opioids (Guerrieri et al.,
2017; Krotulski et al., 2017; Krotulski et al., 2021b, 2021c;
2021; Mueller et 2021),
phenethylamines (Kristofic et al, 2016). In some cases, the

Castelino et al, al, and
suspicion of intoxication may involve an unknown substance
for the laboratory routine, a problem that can be solved using
high resolution mass spectrometry (HRMS), that features high
mass accuracy as a tool for untargeted screening analysis (Deville
et al., 2019; Fels et al., 2019; Gaulier et al., 2019; Kovacs et al.,
2019; Nash et al., 2019; Theofel et al., 2019; Yeter and Erol
Oztiirk, 2019; Krotulski et al., 2021d). HRMS techniques can be
also applied to NPS metabolite investigation, which can be
essential to confirm the use of the drugs, mainly those that
2018; Krotulski et al.,

2020a). Furthermore, the analysis of seized drugs and other

are rapidly metabolized (Allibe et al,

materials found near the victim can bring additional
information that helps to elucidate the intoxication case
(Rojkiewicz et al., 2016; Strehmel et al., 2018).

The
postmortem analysis and the absence of toxicological studies

non-detection and underreporting of NPS in

to establish possible risks caused by NPS consumption make
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Chemical structure of the main compounds from the NPS classes discussed in this paper. 25|-NBOMe (A) and amphetamine (B), highlighting the
phenethylamine core (red); the synthetic cathinone N-ethylpentylone (C), highlighting the cathinone core (red); m-CPP (D), highlighting the
piperazine core (red); 5-MeO-MIPT (E), highlighting the tryptamine core (red); Opioids: fentanyl analog crotonylfentanyl (F) and U-47700 (G);
phencyclidine (H) and the analogue ketamine (l); designer benzodiazepine diclazepam (J); synthetic cannabinoid JWH-210 (K); 2-

Aminoindane (L).
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Keywords: ("new psychoactive substances" OR "new psychoactive substance" OR
"synthetic drug” OR "synthetic drugs" OR "designer drug" OR "designer drugs") AND

("death” OR ‘“deaths" OR "fatal poisoning” OR “fatal intoxication”) AND
("chromatography")
Number of papers 92 papers excluded:
- Written in a language other than
English: 4;
Web of Science: 110; - Review: 21;
Pubmed: 103; - Drug analysis: 12
Scopus: 104. - Studies non related to NPS substances:
5
Exclusion of duplicated papers H - Only non-fatal cases reported: 21;
v - Only hair analysis or without biological
‘ 182 papers | samples: 6;
- Driving under the influence of drugs
| 6 papers included : > > (DUID) cases: 2:
- Study without analytical techniques or
v only immunoassay analysis: 3
| 96 papers |

- False positive case report: 1

FIGURE 2
Paper selection strategy.

difficult to understand the real impact of NPS in fatal intoxication
cases (EMCDDA, 2021a). Although there are some reviews on
analytical techniques for NPS detection, a review that covers both
the toxicological aspects of acute fatal cases and the analytical
strategies used in postmortem analysis is limited in the literature.

The aim of the present paper was to review the literature
published from 2016 to 2021 concerning fatal cases that involved
NPS abuse and the analytical methods applied in toxicological
analyses, to understand how laboratories have been dealing with
those emerging drugs.

Method

A literature search was performed on PubMed, Scopus and Web
of Science databases for papers related to fatal cases involving NPS
using the following keywords (“new psychoactive substances” OR
“new psychoactive substance” OR “synthetic drug” OR “synthetic
drugs” OR “designer drug” OR “designer drugs”) AND (“death” OR
“deaths” OR “fatal poisoning” OR “fatal intoxication”) AND
(“chromatography”). Only papers published in English from
January 2016 to December 2021 were considered. Additionally,
six papers mentioned in some studies that escaped from our
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- Metabolism studies: 15
- Wastewater analysis: 1
- Exhumation case: 1:

search were included. All papers were screened independently by
three of the authors and only papers selected by at least two of them
were included. The paper selection strategy, including the exclusion
criteria, is summarized in Figure 2.

A total of 96 papers were retrieved for this review, with the
highest number found in 2018 and 2019 (20 and 19 papers,
respectively). Opioids and synthetic cathinones were the NPS
classes most found in the fatal cases, reported in 43 and 37 of the
studies, respectively (Figure 3) and this trend was observed in
each year. A summary description of all papers is shown in
Table 1, and include the analytical technique and extraction/
cleanup methods used, the limits of detection and quantification
(LOD/LOQ), the main substances found, the concentration
range in blood and/or urine and the number of fatal cases. A
more detailed description of the studies can be found in
Supplementary Table S1.

Analytical methods applied in
toxicological routine analysis

Keeping the NPS screening methods in toxicological

laboratories up to date frequently involves challenges,
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FIGURE 3

Main NPS classes reported in the publications from 2016 to 2021. Others: piperazine (2016), tryptamine (2017-2021), indole alkaloids found in
kratom (2018 and 2019); methaqualone analog (2020). Amphetamine analogs were included in phenethylamine data. Opioid includes fentanyl and

analogs.

including reference standard availability, method development,
lack of information on new illicit drug, and limitation of
immunoassays for many NPS (Partridge et al.,, 2018; Kriikku
et al, 2019). Therefore, it is important that toxicology
laboratories have different analytical techniques available to
minimize possible methodological limitations.

The analytical techniques used in the studies included in this
review are liquid chromatography-mass spectrometry (UHPLC-
MS/MS, HPLC-MS/MS, LC-MS/MS, UPLC-MS/MS), which
were used in most studies (n = 75), followed by LC- high
resolution mass spectrometry (LC-QTOF-MS, LC-TOF-MS,
UPLC-TOF-MS, LC-HRMS (Orbitrap™), UHPLC-HR-MS/
MS, UHPLC-QTOE-MS, and UPLC-TOF-MS; n = 35), gas
chromatography (GC-NPD, GC-MS or GC-MS/MS; n = 29),
and LC-DAD methods (n = 5). Toxicological analysis used in
48 studies (out of 96) applied more than one technique (GC-MS,
LC-DAD, LC-HRMS, LC-MS). Most studies included method
validation data, which is essential to guarantee the reliability and
suitability of the analytical method, and four of them used
standard addition, an interesting analytical approach that
overcomes the matrix effect and the need for full validation to
quantify few samples (Kusano et al, 2018) (Table 1 and
Supplementary Table S1).

GC-MS, available in most forensic laboratories, is a robust
and easy-to-handle technique. The electron impact ionization
provides reproducible information, allowing high confidence in
the screening using trustable reference libraries and the selected
ion monitoring (SIM) mode analysis can be applied for targeted
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screening and quantification (Bottinelli et al., 2017; Ballesteros
et al., 2018; Dwyer et al.,, 2018; Brahan et al., 2021). The use of
GC-MS, however, has limitations for labile compounds or those
that are present at very low concentration in biological samples.
Fagiola et al. (2018) related a possible misidentification of 25I-
NBOH as 2C-I by GC-MS analysis, which was later found to be
due to the analyte breakdown, since 25I-NBOH was detected
intact using LC-QTOF-MS (Arantes et al., 2017). The breakdown
of 25R-NBOH family compounds in GC-MS analysis was
overcome with shortened columns (4 m-length; Ferrari Junior
et al.,, 2020). GC-MS was not suitable to screen for synthetic
cannabinoids (Hvozdovich et al., 2020), fentanyl analogs (Poklis
et al,, 2016), phenethylamines (Kristofic et al., 2016), and others
NPS due to low concentrations detected in intoxications
involving these compounds (Ferrari Junior and Caldas, 2021).
Cathinones can exhibit a “poor fragmentation” in the GC-MS,
and more specific mass spectra can be obtained using LC-MS or
LC-MS/MS (Mochizuki et al, 2021). On the other hand,
Arbouche et al. (2021) describe the discrimination of 3-MeO-
PCP and 4-MeO-PCP using GC-MS, since they had the same
retention time and transitions exhibited in the LC-MS.
LC-MS/MS methods (electrospray ionization) is indeed an
important alternative to overcome the GC limitations. The
electrospray ionization is considered a soft technique, with
little fragmentation of the molecule when compared to
electron ionization used in GC-MS (Arantes et al., 2017;
Mochizuki et al, 2021). Its multiple reaction monitoring
(MRM) mode is ideal for quantitative methods, demonstrating

frontiersin.org
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TABLE 1 Summary of results found in the 96 papers included in this review that investigated new psychoactive substances in blood and/or urine from
fatal cases. Aditional information of each study can be found in Supplementary Table S1.

References

Adamowicz et al.
(2016)°

Beck et al. (2016)
Coopman et al.
(2016)°

Fujita et al. (2016)
Gieron and

Adamowicz, (2016)"
Kristofic et al. (2016)

Liveri et al. (2016)°

Papsun et al. (2016)"
Poklis et al. (2016)"
Rojkiewicz et al.

(2016)

Shanks and Behonick,
(2016)°

Yonemitsu et al.

(2016)°

Angerer et al. (2017)

Bottinelli et al. (2017)°

Dwyer et. Al (2018)

Ellefsen et al. (2017)"
Guerrieri et al. (2017)°
Johansson et al.

(2017)°

Krotulski et al. (2017)

Paul et al. (2017)

Potocka-banas et al.
(2017)

Rojek et al. (2017)°

Extraction
method

LLE

PP

LLE

QuEChERS

PP

SPE

SPE

LLE

SPE

LLE

LLE

QuEChERS

LLE

SPE

LLE/SPE

LLE

LLE-LTP
LLE

SPE

NA

LLE

LLE

Frontiers in Toxicology

Analytical
techniques

LC-MS/MS

LC-MS/MS (ID, Q);
LC-HR/MS (ID)

UPLC-MS/MS
LC-MS/MS
LC-MS/MS

LC-QTOF (SCR);
LC-MS/MS (Q)

GC-MS

LC-QTOF (SCR);
LC-MS/MS (Q)

UPLC-MS/MS

HPLC-MS and
GC-MS

LC-MS/MS

LC-MS/MS and
GC-MS (SCR); LC-
MS/MS (Q)
GC-MS, HPLC-
MS/MS, HPLC-
PDA (SCR); LC-
MS/MS (Q)
GC-MS, LC-DAD
(SCR); GC-MS/
MS (Q)

GC-MS (SCR); LC-
MS/MS (Q)

LC-MS/MS and
GC-MS

LC-MS/MS

LC-TOF-MS
(SCR); LC-MS/
MS (Q)

LC-QTOF
(SCRMI); LC-MS/
MS (Q)

LC-MS/MS

LC-MS/MS

LC-MS/MS

LOD/LOQ (ng/ Substance (class)

mL or ng/g) *

0.036/1
0.2/-

2.1/2.1

0.06/0.1

LOD: Blood/urine
(0.002-0.01)/LOQ:
Blood (0.4-3);
urine: (0.8-6)

1/-

-/1

7/12

0.1/0.2

0.01-0.03/0.1-0.25

-/50

-/0.001

-/0.01

0.01-2.0/0.1-2.0

1/5

-/0.05-10

05

a-PVP (cath.)

a-PVP (cath.)

Ocfentanil (opioid)

Mepirapim (SC); a-EAPP (opioid)

AB-CHMINACA (SC)

25C-NBOMe (PEA)

MDPV and pentedrone (Cath)

MT-45 (Piperazine); Etizolam
(D-BZD)

Butyryl Fentanyl (opioid)
4-FBF (opioid)

5F-AMB (SC)

Acetyl fentanyl (opioid); 4-MeO-PV8
(Cath)

5F-PB-22, AB-CHMINACA and 5F-
ADB (SC)

3-MMC (Cath)

Fentanyl and acetylfentanyl (opioid)

3-FPM (PHEN); U-47700 (opioid)
Acrylfentanyl (opioid)

3-MeO-PCP (PCY)

THFF and U-49900 (opioid); MeO-
PCP (PCY)

AB-CHMINACA, UR-144, XLR-11
and JWH-022 (SC)

a-PVP (Cath)

UR-144 (SC); Pentedrone (Cath)

Blood/urine, analyte
concentration and
number of
postmortem/death cases®

Blood (1.1-6,200); n = 12
Serum (62.6-304); n = 2
Blood (153); n =1

Blood (n = 1): Mepirapim (950); a-
EAPP (3,100)

Blood (1.5); urine (0.1); n = 1

25C-NBOMe: blood (0.48-2.07), urine
(1.73-27.43); 2C-C: blood (0.12), urine
(0.11-0.38); n = 3

MDPV: blood (46), urine (1,300);
pentedrone (mg/L): blood (160), urine
(12,000); n =1

Blood: MT-45 (520); etizolam (35);
n=1

Butyryl fentanyl: P. blood (99-3.7), H.
blood (220-9.2), urine (64-2); n = 2

Blood (91-112), urine (200-414); n =2
Blood (0.3); n =1

Acetyl fentanyl: F. blood (153), urine
(240); 4- MeO-PV8: F. blood (389),
urine (245); n =1

F. blood: 5F-PB-22 (0.37), n = 1, AB-
CHMINACA (4.1), n = 1; 5F-ADB
(0.38), n =1

P. blood (249), urine (29,694); n = 1

Blood: acetylfentanyl (0.13-2,100);
fentanyl (0.24-74.3); urine: only
qualitative; n = 41

3-FPM: P. blood (2,400), aortic blood
(600); U-47700: P. blood (360); n = 1

Blood (0.01-5); n = 40

Blood (50-180); (n = 6); blood (380 pg/
g) in a mono-intoxication case; n = 1

Blood and urine, respectively: THFF
(339; >5,000); U-49900 (1.5; 2.2);
MeO-PCP (1.0; 31.8); n = 1

Blood: AB-CHMINACA (8.2), n = 1;
UR-144 (12.3), XLR-11 (1.3) and JWH-
022 (3),n=1

a-PVP: blood (174), urine (401); n =1

Blood: UR-144 (2.1), n = 1; UR-144
(1.4), pentedrone (2,300), (n = 1); UR-
144 (4), pentedrone (290), n = 1

(Continued on following page)
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TABLE 1 (Continued) Summary of results found in the 96 papers included in this review that investigated new psychoactive substances in blood and/or
urine from fatal cases. Aditional information of each study can be found in Supplementary Table S1.

References

Stacheli et al. (2017)®

Wiergowski et al.
(2017)°

Allibe et al. (2018)"
Atherton et al. (2018)

Ballesteros et al.
(2018)°

Costa et al. (2018)®
Fagiola et al. (2018)"

Gerace et al. (2018)°
Koch et al. (2018)°

Krpo et al. (2018)

Kusano et al. (2018)°

Lehmann et al.

(2018)®

Maher et al. (2018)

Majchrzak et al.

(2018)¢

Mardal et al. (2018)°

Moody et al. (2018)"

Nooble et al. (2018)"

Partridge et al. (2018)"

Pieprzyca et al.
(2018)°

Extraction
method

LLE

PP/LLE

SPE

LLE
SPE

LLE
LLE

LLE
PP/LLE/SPE

LLE

PP

SPE/

QuEChERS

LLE

LLE

LLE/PP

SPE

PP/SPE

LLE

PP

Frontiers in Toxicology

Analytical
techniques

LC-MS/MS

HPLC-QTOF-MS
(SCR); UPLC-MS/
MS (Q)

LC-MS/MS (ID, Q);
LC-HRMS (MI)

GC-MS

LC-MS/MS and
GC-MS

LC-MS/MS

GC-MS or LC-MS
(SCR); LC-MS/MS

UHPLC-MS/MS
LC-MS/MS

UHPLC-QTOF-MS
(SCR); UHPLC-
MS/MS: (ID, Q)

LC-MS/MS (SCR,
Q) LC-QTOF-
MS (SCR)

LC-MS/MS

HPLC-DAD; LC-
QTOF-MS (ID);
LC-MS/MS (ID, Q)

LC-MS/MS

UHPLC-MS/MS
(ID, Q); UHPLC-
HR-MS/MS (MI)

LC-MS/MS (Q);
LC-TOF (SCR)

LC-QTOF-MS
(SCR); UHPLC-
MS/MS: (Q)
LC-QTOF: (SCR,
Q, MI)
LC-MS/MS

LOD/LOQ (ng/
mL or ng/g) *

0.0053-0.0013/
0.0159-4.0

0.01/0.05

-/10
20/-

1 and 5/-
2.5 (LC-MS/MS);

200 (GC-MS or LC-
MS, for Cath)/-

0.6/2
-/1

0.005-0.1/-

0.4-5/-

0.05-0.16/-

Body fluids:
9.0-27.2; tissues:
15.0-46.0/-

-/7-68

0.0125-0.25/
0.05-0.5

1-5/5

0.8-3/-

5/10

06

Substance (class)

MDAI (AI); 2-MAPB (Cath)

25B-NBOMe (PEA); 4-CMC (Cath)

Ocfentanil (opioid)

N-ethylpentylone (Cath)
4-MEC and a-PVP (Cath)

N-ethylpentylone (Cath)

Mitragynine and 7-OH-mitragynine;
Pentylone, methylone and butylone
(Cath)

U-47700 (opioid)

U-47700 (opioid)

5-APB (PEA)

Diphenidine (PCY); 5F-ADB (SC)
Methoxetamine (PCY); 4-MEC,
MDPV and a-PVP (Cath)

Cyclopropylfentanyl and
crotonylfentanyl (opioid)

N-PP (Cath)

Methoxyacetylfentanyl (opioid)

4-ANPP, 2-Furanylfentanyl,
carfentanil, fluorobutyrylfentanyl, U-
47700, acrylfentanyl, butyrylfentanyl,
fluorofentanyl, 4-
methoxybutyrylfentanyl and
valerylfentanyl (opioid)

Fentanyl (opioid)

U-47700 (opioid); Diclazepam and
flubromazepam (D-BZD)

PV8 (Cath)

Blood/urine, analyte
concentration and
number of
postmortem/death cases®

P. blood: MDAI (38); 2-MAPB (21);
n=1

Blood. 25B-NBOMe (38.4-661), 4-
CMC (0.887-2.14); n = 2

Ocfentanil: P. blood (3.7); n = 1

P. blood (31-953); n = 4

a-PVP: blood (9-1,200); urine:
detected 4-MEC and a-PVP; n = 2

Blood (170); n =1

Blood/urine: Mitragynine, n = 2;
mitragynine and 7-
hydroxymitragynine, n = 3; pentylone,
methylone and butylone, n = 1

Blood (380); urine (10,400); n = 1
Blood: 42 min (370), 9 h (37), 24 h.

(6.3), 33 h (2.1), 41 h (2.3); urine (2);
n=1

P. blood (860); n =1

Blood (n = 1): 5F-ADB (0.19 + 0.04),
diphenidine (12 + 2.6)

F. blood: 4-MEC (8-118), MDPV
(3-396), MXE (2-385) and a-PVP (4);
n=2

F. blood: (16.6-28.9); n = 4

N-PP: blood (3,100); n = 1

F. blood (22-56); n = 3

Blood: 4-ANPP (0.1-410), n = 1,549; 2-
furanylfentanyl (0.1-710), n = 1,228;
carfentanil (0.1-120), n = 697;
fluorobutyrylfentanyl (0.1-760), n =
563; U-47700 (0.2-3,800), n = 543;
acrylfentanyl (0.1-29), n = 266;
butyrylfentanyl (0.1-760), n = 142;
p-fluorofentanyl (0.1-1), n = 31;
o-fluorofentanyl (2.4), n = 1; 4-
methoxybutyrylfentanyl (79), n = 1;
valerylfentanyl (0.44), n = 1

Blood: fentanyl (7-39); n = 17

P. blood: U-47700 (330), diclazepam
(70), flubromazepam (10); n = 1

PV8: blood (70-260), urine (110-130);
n=2

(Continued on following page)
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TABLE 1 (Continued) Summary of results found in the 96 papers included in this review that investigated new psychoactive substances in blood and/or
urine from fatal cases. Aditional information of each study can be found in Supplementary Table S1.

References

Rohrig et al. (2017)°
Strehmel et al. (2018)
Tomczak et al. (2018)°
Adamowicz et al.

(2019)°

Al-Matrouk et al.
(2019)

Ameline et al. (2019)°

Chesser et al. (2019)®

De Jong et al. (2019)

Deville et al. (2019)®

Fagiola et al. (2019)°
Fels et al. (2019)°

Freni et al. (2019)°

Gaulier et al. (2019)"
Ivanov et al. (2019)
Koviécs et al. (2019)°
Kriikku et al. (2019)°
Krotulski et al. (2019)

Lehmann et al. (2019)

Margasinska-Olejak
et al. (2019)°

Nash et al. (2019)°

Extraction
method

SPE

PP

LLE
PP

SPE

LLE

SPE

SPE

LLE

LLE
LLE/SPE

SPE

SPE

LLE

LLE

SPE

LLE/SPE

SPE/
QuUEChERS

LLE

LLE

Frontiers in Toxicology

Analytical
techniques

GC-MS (SCR); GC-
NPD (SCR, Q)

LC-QTOF-MS
(SCR); LC-MS/
MS: (Q)
GC-MS

LC-MS/MS

LC-MS/MS and
LC-HRMS (SCR)

GC-MS (SCR);
UPLC-MS/MS (Q)

LC-MS/MS

UPLC-MS/MS (Q);
LC-QTOF-
MS (SCR)

GC-MS and UPLC-
TOF-MS (SCR, ID);
HPLC-DAD (Q)

LC-MS/MS

LC-QTOF-MS$
(ID, Q)
LC-MS/MS

LC-QTOF (SCR);
LC-MS/MS (Q)

GC-MS (ID);
HPLC-UV (Q)
LC-MS/MS
UPLC-TOE-MS
(SCR); GC-MS: (Q)
LC-QTOF (ID, MI)

LC-MS/MS

LC-MS

LC-QTOF (SCR, Q)

LOD/LOQ (ng/ Substance (class)

mL or ng/g) *

25/-

0.3/1
-/0.1

0.05-0.1/0.1

2.5/-
5/10

0.03-0.1/-

0.05/0.1
5F-ADB 25/-
0.01-10/-

10/20

07

U-47700 (opioid)

U-47700 (opioid)

4-CMC (Cath)
AMB-FUBINACA and EMB-

FUBINACA (SC)

5F-AB-PINACA, AB-PINACA, AB-
CHIMICA, FUB-AMB, 5F-AB-
PINACA, 5F-AKB-48, 5Cl-AKB-48,
ADB-PINACA and 5F-ADB (SC)
3-MeO-PCP (PCY)

4-ANPP, acetylfentanyl, fentanyl,
furanylfentanyl, norfentanyl and U-
47700 (opioid)

3-MeO-PCP (PCY)

MDAI (Al); 5-EAPB (Cath)

Cyclopropylfentanyl (opioid)
U-47700 (opioid)

Furanylfentanyl and 4-ANPP (opioid)

Carfentanil (opioid)

5F-ADB and FUB-AMB (SC)
N-ethylhexedrone (Cath); ADB-
FUBINACA (SC)

U-47700 (opioid)

4F-MDMB-BINACA (SC)

Diclazepam and pyrazolam (D-BZD);
3-FPM (PHEN)

3-MMC (Cath)

Furanylfentanyl (opioid); MMMP
(Cath)

Blood/urine, analyte
concentration and
number of
postmortem/death cases®

U-47700: H. blood (260), F. blood
(400), urine (4,600); n = 1

U-47700 (ug/ml): F. blood (290), H.
blood (12,500), urine (240); n = 1

Blood: (56.2-1870); n = 6
AMB-FUBINACA, EMB-FUBINACA,

respectively: blood (ND, ND), urine
(4.7,02);n=1

Urine: only qualitative analysis (n = 6)

P. blood (498), CAR (743), urine (16.7);
n=1

Blood (femoral, cardiac, iliac,
subclavian) (0.1-45; 0.1-227; 0.1-98;
0.2-89; 0.1-38; 0.4->500), for 4-ANPP,
acetylfentanyl, fentanyl,
furanylfentanyl, norfentanyl, U-47700,
respectively; n = 58

Serum (123), blood (152); n =1

MDALI, 5-EAPB, 5-MAPB, 5-APB,
respectively: blood (2090, 6,450, 89,
546); urine (69,400, 14,800, 1,000,
48,800); n = 1

CAR (5.6-82); n = 5

U-47700: F. blood (27-2,200), H. blood
(39-4,900), urine (100-5,400); n = 26

Furanyl fentanyl and 4-ANPP,
respectively: CAR (11.8; 93.5), F. blood
(2.7; 50.4), urine (71.3; 171.7); n = 1

Blood (4.20), urine (0.40); n = 1
5F-ADB: blood (3.7); n = 1

Blood: NEH (285), ADB-FUBINACA
(0.08); n =1

Blood (150-2000), n = 10; urine
(20-2,200), n = 12

Blood and urine: qualitative analysis;
n =20

Diclazepam, pyrazolam, 3-FPM,
respectively: F. blood (1; 28; 10), H.
blood (1; 28; 9), urine (1; 500; 120);
n=1

Blood (800); n =1

P. blood: furanylfentanyl (1.6), MMMP
6.7);n=1

(Continued on following page)

frontiersin.org


https://www.frontiersin.org/journals/toxicology
https://www.frontiersin.org
https://doi.org/10.3389/ftox.2022.1033733

Ferrari Junior et al.

10.3389/ftox.2022.1033733

TABLE 1 (Continued) Summary of results found in the 96 papers included in this review that investigated new psychoactive substances in blood and/or
urine from fatal cases. Aditional information of each study can be found in Supplementary Table S1.

References

Theofel et al. (2019)°

Yeter and Erol
Oztiirk, (2019)°

Adamowicz et al.
(2020a)

Adamowicz et al.
(2020b)*

Benedicte et al.
(2020)°

Ditrana et al. (2020)®

Garneau et al. (2020)

Hvozdovich et al.
(2020)

Kriikku et al. (2020)"

Krotulski et al.
(2020a)

Krotulski et al.
(2020b)¢

Lehmann et al.
(2020)°

Extraction
method

PP/SPE

SPE

LLE

LLE

LLE

PP

SPE

SPE

LLE
LLE/SPE

LLE

SPE

Frontiers in Toxicology

Analytical
techniques

LC-MS/MS (Q)

LC - HRMS (ID, Q)

LC-MS/MS

LC-MS/MS

GC-MS (SCR); LC-
HRMS: (ID, MI)

HPLC-MS/MS

GC-MS (SCR); LC-
MS/MS (SCR, Q)

LC-MS/MS

GC-NCI-MS

LC-QTOF-MS
(SCR, MI)
LC-MS/MS (Q);
LC-QTOF-

MS (MI)

LC-MS/MS

LOD/LOQ (ng/
mL or ng/g) *

3/5

Blood: 0.08; urine:
0.10/blood: 0.10;
urine: 0.12

0.3/5

0.01-0.20/-

0.5/1

Blood: 0.03-0.35;
urine: 0.02-0.25/
blood: 0.08-1; urine:
0.06-0.5

1/-

<0.02/-

0.4-4/5

08

Substance (class)

N-ethyldeschloroketamine (PCY)

5F-ADB and its methyl ester
hydrolysis metabolite (SC)

a-PiHP (Cath)

Benzylfentanyl (opioid)

MPHP and N-ethyl-
4'methylpentedrone (Cath)

Cyclopropylfentanyl,
methoxyacetylfentanyl,
furanylfentanyl, acetylfentanyl, 4-
ANPP and fentanyl (opioid)

4-ANPP, furanylfentanyl, U-47700,
p-fluorobutyrylfentanyl,
methoxyacetylfentanyl,
cyclopropylfentanyl/crotonylfentanyl,
acetylfentanyl, despropionyl
fluorofentanyl and N-methyl U-
47931 E (opioid)

5F-ADB, FUB-AMB, 5F-AMB,
MDMB-FUBINACA, and AB-
CHMINACA (SC)

Flualprazolam (D-BZD)
APP-BINACA (SC)

Isotonitazene (opioid)

PMMA, PMA, PMEA, 2-FA, 4-FA, 2-
FMA, 3-FPM, 2-DPMP, MDEA,
MDMA, MDA and methiopropamine
(PEA); 3-MeO-PCP and MXE (PCY);
m-CPP (piperazine); MDPBP, MDPV,
4-MEC, methedrone, methylone and
a-PVP (Cath); U-47700 (opioid);
pyrazolam, diclazepam; delorazepam;
lormetazepam (D-BZD)

Blood/urine, analyte
concentration and
number of
postmortem/death cases®

N-ethyldeschloroketamine: urine
(3,468), H. blood (2,159), F. blood
(375); n =1

Blood: 5F-ADB (0.10-1.55), 5F-ADB
metabolite (0.15-23.4), n = 70; urine:
5F-ADB metabolite (0.28-72.2), n = 34

a-PiHP: blood (69), urine (2072); n =1

Blood: Benzylfentanyl (66; 110);
fentanyl (31; 32); norfentanyl (22; 41);
4-FiBF (74); despropionyl-4-FF (6.5);
n=3

MPHP and 4-MEAP, respectively:
F.blood (47; 1.6), CAR (97; 3.5), urine
(2,380; 49,700); n = 1

Blood (0.2-9); urine (0.2-8,900), for
fentanyl derivatives; n = 41

Cardiac and F. blood, respectively: 4-
ANPP (33-32; 18), furanylfentanyl
(14-2.4; 0.89) and U-47700 (54-45;
26); n = 2. Cardiac and F. blood,
respectively: 4-ANPP (5.1; 9.7),
p-fluorobutyrylfentanyl (31; 27),
methoxyacetylfentanyl (70; 14),
cyclopropylfentanyl/crotonylfentanyl
(0.15; 0.1), only detected: U-47700,
acetylfentanyl, despropionyl
fluorofentanyl, N-methyl U-47931E;
n=1

Blood and/or urine: only qualitative
analysis; # = 54.5F-ADB was the most
prevalent substance

Blood (3.0-68); n = 33

Blood and urine: only qualitative
analysis; n = 11

Blood (0.4-9.5), n = 18; urine (0.6-4.0),
n=6n=1

AMP and analogs (PMMA, PMA,
PMEA, 4-FA, 2-FA, 2-FMA,
methiopropamine, MDMA, MDA,
MDEA, amphetamine, n = 13):
4.5-185000 (urine); 2.2-2,500 (blood).
M-CPP (n = 1): 130 (urine), 5.3
(blood); MXE (n = 4): 6.6-22300
(urine), 1-390 (blood); 3-FPM (n = 1):
120 (urine), 5.3 (blood); U-47700 (n =
1): 1,500 (urine); 2-DPMP (n = 1): 52
(urine), 5.2 (blood); 3-MeO-PCE (n =
1): 3.6 (urine); BZD: (Pyrazolam,
diclazepam, delorazepam,
lormetazepam, n = 1): 1-100 (blood);
Cath: (4-MEC, MDPV, methedrone,
methylone, MDPBP, a-PVP, n = 4:
6.2-830 (urine). 3.6-340 (blood);
n=17

(Continued on following page)
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TABLE 1 (Continued) Summary of results found in the 96 papers included in this review that investigated new psychoactive substances in blood and/or
urine from fatal cases. Aditional information of each study can be found in Supplementary Table S1.

References

Tiemensma et al.
(2020)

Woods, (2020)"

Zawadzki et al.
(2020a)"

ZawadzKki et al.
(2020b)°

Arbouche et al. (2021)
Brahan et al. (2021)°
Castellino et al. (2021)
Cartiser et al. (2021)°
Chan et al. (2021)°
Ferrari Junior and

Caldas (2021)°
Gicquel et al. (2021)"

Hofmann et al.
(2021)°

Kronstrand et al.
(2021)°

Krotulski et al.
(2021a)

Krotulski et al.
(2021b)¢

Krotulski et al.
(2021¢)°

Krotulski et al.

(2021d)

Mochizuki et al.
(2021)°

Mueller et al. (2021)"

Palazzoli et al. (2021)°

Extraction
method

NA

LLE
LLE

LLE

LLE

LLE

LLE

SPE

PP

QuEChERS

SPE

PP

PP

LLE and
PP/SPE

LLE

LLE

LLE/SPE

SPE

SPE

PP/SPE

Frontiers in Toxicology

Analytical
techniques

GC-MS and LC-MS

GC-MS
UHPLC-MS/MS

UHPLC-MS/MS

LC-MS/MS (Q);
LC-HRMS (ID, MI)

GC-MS/MS
GC-MS

GC-MS
LC-MS/MS
UHPLC-MS/MS

LC-MS/MS (SCR);
LC-HRMS
(SCR, Q)

HPLC-MS/MS

LC-MS/MS (Q).
LC-QTOE-
MS (MI)

LC-MS/MS (Q);
LC-TOF-MS
(SCR); LC-QTOF-
MS (MI)

LC-MS/MS (Q);
LC-QTOF-

MS: (MI)
LC-MS/MS (Q);
LC-QTOF-MS
(SCR, MI)
LC-QTOF-MS
(ID, MI)
LC-LIT-MS: (ID,
Q); GC-MS (ID)

UHPLC-MS/MS

LC-MS/MS

LOD/LOQ (ng/ Substance (class)

mL or ng/g) *

<10/50
-/0.1

-/1

-/1,000

1.0/-

4/10

5/10

1.8-2.6/4.6-6

<0.1/-

0.1/0.5

0.1-1/-

0.01/0.05

0.1-0.5/0.5-1

09

Cumyl-PEGACLONE (SC)

Mebroqualone (Meth)
5F-CUMYL-P7AICA (SC)

N-ethylpentylone (Cath)

3-MeO-PCP (PCY)

4-MEC (Cath)

Cyclopropylfentanyl (opioid)

4-MPD (Cath)

Carfentanil (opioid)

N-ethylpentylone (Cath)

2F-DCK and 3-MeO-PCE (PCY)

5-APB and 6-APB (PEA)

Methoxyacetylfentanyl (opioid)

Eutylone (Cath)

Brorfine (opioid)

Metonitazene (opioid)

MDMB-4en-PINACA, 5F-MDMB-
PICA and 4F-MDMB-BINACA (SC)

4-FMC, 4-MeO-a-PVP, 4-F-a-PVP
and PV8 (Cath)

Isotonitazene (opioid)

Mephedrone, DHM and NORMEP
(Cath)

Blood/urine, analyte
concentration and
number of
postmortem/death cases®

Blood (0.73-3.0); n = 5

F. blood (10,228; 115); n = 2
Blood (2.8), urine (3.1); n =1

P. blood (10,600), urine (17,600); n = 1
F. blood (525), urine (384); n = 1

4-MEC: P. blood (14,600), CAR
(43,400), urine (619,000); n = 1
Blood (14), n = 1; Other case: only
detected, n = 1

4-MPD: P. blood (1,285), CAR (1,128),
urine (>10,000); n =1

P. blood (0.5), (n = 1); iliac blood (0.9),
n=1

Blood (597); n =1

2F-DCK, 3-MeO-PCE and 5-MeO-
DMT, respectively: P. blood (1780; 90;
52), urine (6,100; 6,300; 2,200); n = 1

5-APB and 6-APB, respectively: C.
blood (2,400; 660), P. blood (850; 300),
urine (8,700; 3,400; n = 1

F. blood: (18-140); n = 10

Blood (1,2-11000), # = 67; urine (60;
3,400; and >10,000), n = 3

Blood: 0.1-10; n = 20

Blood (0.5-33), urine (0.6-46); n = 20

Blood: qualitative analysis; n = 16

4-FMC, 4-MeO-a-PVP, 4-F-a-PVP
and PV, respectively: H. blood (365;
449; 145; 218), F. blood (397; 383; 127;
167); n =1

Isotonitazene: F. blood (2.28; 0.59;
0.74), CAR (1.7; 1.13; 0.7), urine (1.88;
3.37;0.19); n =3

Mephedrone, NORMEP and DHM,
respectively: F. blood: (1,088; 47.1;
15.5), C. blood (1,632; 50.2; 49.2), urine
(4,443; 740.2; 1719); n = 1

(Continued on following page)
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TABLE 1 (Continued) Summary of results found in the 96 papers included in this review that investigated new psychoactive substances in blood and/or
urine from fatal cases. Aditional information of each study can be found in Supplementary Table S1.

References Extraction  Analytical LOD/LOQ (ng/ Substance (class) Blood/urine, analyte
method techniques mL or ng/g) * concentration and
number of
postmortem/death cases®
Solbeck et al. (2021)®  SPE LC-MS/MS (Q). 0.05/0.1 Carfentanil (opioid) Blood (<0.1-9.2); n = 160
LC-QTOF-MS,
GC-NPD and GC-
MS (SCR)
Theofel et al. (2021)° NA GC-MS and LC- - 2-MAPB (Cath) 2-MAPB: urine (167,000), H. blood
QTOF-MS/MS (16,700), F. blood (7,300); n = 1
(SCR); LC-MS/
MS (Q)
Zawadzki et al. LLE UHPLC-MS/MS 0.05/0.1 4-FiBF (opioid) 4-FiBF: blood (76.1-257), urine
(2021)° (289-1,000), VH (89.9-150); n = 4

*When necessary, concentrations reported in the studies were converted to ng/mL or ng/g to facilitate the comparison among the methods.

“Papers that described validation procedures.

Papers that described quantitation by standard addition; C-NMR: carbon-13, nuclear magnetic resonance; EI: electron impact ionization; ELISA: enzyme-linked immunoassay; FT-IR:
Fourier-transform infrared spectroscopy; GC-IR: gas chromatography-infrared spectroscopy; GC-MS: gas chromatography coupled to mass spectrometry; GC-MS/MS: gas
chromatography coupled to tandem mass spectrometry; GC-NCI-MS: gas-chromatography negative-chemical-ionization mass spectrometry; H-NMR: proton nuclear magnetic resonance;
HPLC-DAD: high performance liquid chromatography-diode-array detector; HPLC-DAD-FLD: high performance liquid chromatography-diode-array and fluorescence detectors; HPLC-
MS/MS: high performance liquid chromatography-tandem mass spectrometry; HPLC-UV: high performance liquid chromatography-ultraviolet detector; HRMS: high-resolution mass
spectrometry; ID: identification; LC-DAD: liquid chromatography-diode-array detector; LC-HRMS: liquid chromatography-high-resolution mass spectrometry; LC-MS: liquid
chromatography-mass spectrometry; LC-PDA: liquid-chromatography-photodiode array detector; LC-MS/MS: liquid chromatography-tandem mass spectrometry; LC-QTOF-MS: liquid
chromatography-quadrupole time-of-flight mass spectrometry; LC-TOF-MS: liquid chromatography-time of flight mass spectrometry: LC-UV: liquid chromatography-ultraviolet
detector; MI: metabolite investigation; MRM: multiple reaction monitoring; NMR: nuclear magnetic resonance; NPS: new psychoactive substance; Q: quantification; SCR: screening; SIM:
selective ion monitoring; UHPLC-MS/MS: ultra high performance liquid chromatography-tandem mass spectrometry; UHPLC-QTOF-MS: ultra high performance liquid
chromatography-quadrupole time-of-flight mass spectrometry; UPLC-MS/MS: ultra performance liquid chromatography-tandem mass spectrometry; UPLC-TOF-MS: ultra performance
liquid chromatography-time-of-flight mass spectrometry; UPLC-PDA: ultra performance liquid-chromatography-photodiode array detector; UV-VIS: ultraviolet/visible
spectrophotometry. Extraction methods: LLE: liquid-liquid extraction; LLE-LTP: liquid-liquid extraction with low-temperature partition; PP: protein precipitation; QuEChERS: quick,
easy, cheap, effective, rugged, and safe; SPE: solid phase extraction. Substances: 2-FA: 2-Fluoroamphetamine; 2-FMA: 2-Fluoromethamphetamine; 2-Oxo-PCE: N-ethyldeschloroketamine;
3-FPM: 3-fluoro-phenmetrazine; 3-MMC: 3-methylmethcathinone; 4-FA: 4-Fluoroamphetamine; 4-FMA: 4-Fluoromethamphetamine; 4-FBF: 4-fluorobutyrfentanyl; 4-FiBF: 4-
fluoroisobutyryl fentanyl; 4-MEAP: N-ethyl-4'methylpentedrone; 4-MEC: 4-methylethcathinone; 4-MPD: 4-methylpentedrone; 5SF-MDMB-PINACA: 5F-ADB; a-PiHP: alpha-
Pyrrolidinoisohexaphenone; Al: aminoindane; AMP: amphetamine; BZD: benzodiazepine; BZE: benzoylecgonine; Cath: synthetic cathinone; COC: cocaine; D-BZD: designer-
benzodiazepine; DHM: dihydro-mephedrone; MDA: methylenedioxyamphetamine; MDMA: methylenedioxymethamphetamine; Meth: Methaqualone analog; MMMP: 2-methyl-4’-
(methylthio)-2-morpholinopropiophenone; MAMP: metamphetamine; N-PP: a-propylaminopentiophenone; NA: not available; ND: non-detected; NORMEP; Nor-mephedrone; PCY:
phencyclidine analog; PEA: phenethylamine; PHEN: phenmetrazine analog; PMMA: para-methoxymethamphetamine; SC: synthetic cannabinoid; THC-COOH: 11-Nor-9-carboxy-THC;
THC: tetrahydrocannabinol; THFF: Tetrahydrofuranylfentanyl. Biological fluid/tissues: C. blood: central blood; CAR: cardiac blood; P. blood: peripheral blood; F. blood: femoral blood; H.
blood: heart blood.

high sensitivity (Poklis et al., 2016; Paul et al., 2017; Staeheli et al.,
2017; Pieprzyca et al., 2018; Adamowicz et al., 2020a; Chan et al.,
2021) compared to LC-MS and HPLC-DAD (Adamowicz et al.,
2020b).

In forensic toxicology, an extraction/cleanup protocol must
guarantee the recovery of a wide range of substances with
different physicochemical properties, especially when there is
no suspicion of the involved substance (Ferrari Junior and
Caldas, 2018). In total, 16 studies included in this review used
protein precipitation (PP) as an intermediate or only extraction
step, a simple and fast protocol that presents a poor cleanup. Fifty
one studies applied liquid-liquid extraction (LLE) using different
solvent systems (mostly using alkaline extraction) (Rojkiewicz
et al., 2016; Kriikku et al., 2020), 36 used solid phase extraction
(SPE) columns, after solvent/buffer addition, enzymatic
hydrolysis and/or PP (Rohrig et al., 2017; Garneau et al,
2020) and five studies used QuUEChERS (quick, easy, cheap,

Frontiers in Toxicology

effective, rugged, and safe) methods (Table 1), which is a
combination of LLE and salts and dispersive SPE with
primary and secondary amine (PSA) (Fujita et al, 2016;
Ferrari Junior and Caldas, 2021).

LOD/LOQ assessment can demonstrate if a proposed
method is suitable for the analysis of NPS that cause
effects at low blood concentrations, and both the
extraction/cleanup ~ protocol ~ and  the  analytical
instrumentation must be correctly chosen in search of a
better sensitivity. Overall, the lowest LOD/LOQ were
achieved by LC-MS/MS. In blood, LOQs in the reviewed
studies are mostly below 1 ng/ml, such as 0.2 ng/ml for the
opioid benzylfentanyl, using LLE (Adamowicz et al., 2020a),
0.05 ng/ml for isotonitazene (Mueller et al., 2021) and 0.1 ng/
ml for the synthetic cannabinoid 5F-ADB, the last two using
SPE (Yeter and Erol Oztiirk, 2019). Chan et al. (2021) did not

inform the LOQ of the LC-MS/MS method, but the authors
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reported the detection of 0.5 ng/ml of the opioid in blood
analysis, using protein precipitation.

Using GC-MS, regardless of the extraction protocols used,
the determined LOQs in blood were generally higher, such as
10 ng/ml for N-ethylpentylone (Atherton et al., 2018), 400 ng/ml
for MDPV and 3,000 ng/ml for pentedrone (Liveri et al., 2016).
Solbeck et al. (2021) stated that GC-MS and GC-NPD screening
demonstrated insufficient sensitivity for carfentanil, with a LOD
of ~10 ng/ml in blood. Tomczak et al. (2018) reported a LOQ of
1ng/ml for 4-CMC using LLE followed by GC-MS after
derivatization, a step that is time consuming in a routine
work (Ferrari Junior et al., 2020).

Only two studies include method validation data for matrices
other than blood and urine, although quantitative information
was provided (Supplementary Table S1). The lack of validation is
a major limitation of the reported values in gastric content and
tissue samples, as they are matrices with higher complexity
compared to blood and urine. Using LC-MS/MS, Chesser
et al. (2019) reported LOQ of 0.01 ng/g for opioids in brain
and vitreous humor and Palazzoli et al. (2021) reported LOQs of
0.5 or 1ng/ml or ng/g in liver, kidney, bile and hair for
mephedrone and its metabolites.

LC enables other high-resolution hyphenated techniques,
such as quadrupole time-of-flight mass analyzers (QTOF),
Orbitrap™, that features high mass accuracy being a tool for
untargeted screening analysis and for structural characterization
and identification of unknown compounds (Theofel et al., 2021).
The full scan HRMS data may also be performed to NPS
metabolite investigations, which can aid in compound
identification (Wiergowski et al., 2017; Allibe et al, 2018;
Mardal et al., 2018; Moody et al., 2018; Noble et al., 2018;
Partridge et al., 2018; Krotulski et al,, 2019; Krotulski et al.,
2020a). The metabolite identification helps to understand the
metabolic pathway, indicate the presence of active/toxic
metabolites (e.g., cocaethylene, produced by the concomitant
use of cocaine and alcohol) (Atherton et al., 2018). Sometimes,
the metabolite may be the only substance detected when the
ingested substance has already undergone biotransformation
(Yeter and Erol Oztiirk, 2019; Ferrari Junior and Caldas, 2021).

Furthermore, high resolution techniques are important for
monitoring the emergence of new substances onto the market.
HRMS, however, requires well-skilled experts and it is a more
expensive technique. HPLC-DAD is a good screening and
quantification technique, however, it needs mass spectral
analysis for compound identification (Angerer et al, 2017;
Bottinelli et al., 2017; Maher et al., 2018; Deville et al., 2019;
Ivanov et al,, 2019). Another HPLC-DAD application would be
the differentiation of isomers by the UV spectra (Botinelli et al.,
2017). The presence of structural isomers is common among
different NPSs, which sometimes becomes a challenge for the
analyst. Mayer et al. (2018) found identical fragmentation pattern
of the two isomers cyclopropylfentanyl and crotonylfentanyl, and
they showed similar relative abundances by LC-MS and UHPLC-
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QTOF-MS. Despite the small retention time differences, UV
spectral differentiation was possible using HPLC-DAD, although
it would be necessary to run reference standards to mitigate any
system variability. Baseline separation of the two isomer was,
however, achieved by Fagiola et al. (2019) using LC-MS/MS,
which was also used by DiTrana et al. (2020) to analyse
cyclopropylfentanyl and its metabolite cyclopropylnorfentanyl.

The difficulty of distinguishing the 3 isomers of
methylmethcathinone (2-MMC, 3-MMC and 4-MMC) in a 3-
MMC intoxication case report was overcome by HPLC-DAD
analysis, with each isomer showing different spectrum profiles
(Botinelli et al., 2017). Theofel et al. (2021) used GC-IR and
HPLC-QTOF-MS to identify the correct positional isomer of
MAPB (2-MAPB, 5-MAPB or 6-MAPB) in a yellow liquid
involved in a fatal case, and the results confirmed the
presence of 2-MAPB. LC-QTOF-MS, in the low energy range,
was also used to distinguish the isomers 3- and 4-MeO-PCP
based on the different relative ratios of the fragments 189 and
274 m/z (De Jong et al., 2019). The ion ratio approach was also
used by Krpo et al. (2018) to differentiate between the positional
isomers 5-APB and 6-APB by UHPLC-QTOF-MS and UHPLC-
MS/MS analysis to solve a fatal case.

With the emergence of new substances on the drug market,
intoxication cases involving NPS may not be elucidated so
quickly, which makes the reanalysis of the data previously
acquired by high resolution techniques, such as LC-QTOF-
MS, a mean of understanding these unresolved intoxication
cases. In Finland, stored TOF-MS data of blood samples were
reprocessed and showed two additional U-47700 positive cases
(Kriikku et al., 2019). In Australia, initial screening analysis by
LC-QTOE-MS of the postmortem peripheral blood detected
methylamphetamine, amphetamine and lorazepam, and some
months later, retrospective data analysis also detected U-47700,
2,5-dimethoxy-4-chloroamphetamine, diclazepam and
flubromazepam, which were also confirmed in the urine
samples (Partridge et al., 2018).

Non-biological material analysis

Seized drug and other materials found near the victim can be
an important source of information, guiding the toxicological
screening and contributing to NPS discovery. Some papers
retrieved in this review did describe the analysis of these
materials (e.g., Papsun et al., 2016; Yonemitsu et al., 2016;
Botinelli et al., 2017; Al-Matrouk et al., 2019; Deville et al.,
2019; Ivanov et al, 2019; Gicquel et al, 2021). The drug
characterization is also important to alert toxicology
laboratories about possible new drugs on the market. As
example, the characterization of synthetic cannabinoids 4F-
MDMB-BINACA (Krotulski et al., 2019) and APP-BINACA
(Krotulski et al., 2020a) in seized drugs performed by GC-MS,

LC-QTOF-MS and NMR, showed the presence of new
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substances in the American market, which were also confirmed
in biological samples.

High purity drugs found on the site is common and can help
elucidating a possible accidental overdose. Mueller et al. (2021)
reported isotonitazene powder (higher than 95% purity) found
on the site, determined by GC-MS and proton NMR. In an
intoxication case involving U-47700 abuse, the analysis of the
seized powder by LC-DAD and NMR revealed a purity higher
than 85% (Strehmel et al., 2018).

Due to the constant change of the NPS market, the reference
standard availability is an issue for toxicology laboratories and
the use of high purity seized materials can be an alternative
during routine work. Rojkiewicz et al. (2016) reported that a
powder from a 4-FBF fatal case, was analyzed by UV-VIS, LC-MS
(ion trap MS in MS* and MS?), FT-IR, GC-MS and NMR and
used as a reference material for toxicological screening. Benedicte
et al. (2020) used seized drugs (powders) characterized by
LC-HRMS and NMR spectroscopy and showed to contain
MPHP and 4-MEAP of 85% purity for the determination of
these drugs in biological samples from a real case.

Fatal cases involving new
psychoactive substance intake

Table 1 summarizes the concentration range of the main NPS
reported in serum/blood and urine samples analyzed in the
investigation of the fatal cases reviewed in this paper. In total,
28 opioids, 26 synthetic cathinones, 12 synthetic cannabinoids,
8 phenethylamine/amphetamines, 5 designer benzodiazepines
and 5 phencyclidines were detected in blood samples
(Table 1). Details of all studies are shown in Supplementary
Table S1, including NPS detection in tissues and other matrices
and all the substances found in the samples.

Blood is the most used biological fluid to evaluate the
function of a drug in modifying human behavior and to
investigate intoxication cases, as the blood concentration can
be closely correlated with the pharmacological and toxic effects,
providing pharmacokinetic data and comparison with the
presented clinical signs (Elliott et al.,, 2018; Ferrari Junior and
Caldas, 2021). Although urine drug concentration should not be
used to interpret the effect of a drug on humans, it gives a larger
detection window when compared to blood (Ferrari Junior and
Caldas, 2021). Furthermore, in most studies included in this
review, the drugs found in blood were detected in urine samples,
which also contain the drug metabolites.

In blood and wurine, synthetic cannabinoids showed
concentrations below 100 ng/ml and, overall, cathinones
exhibited the highest concentrations among the reported NPS
classes, including eutylone and N-ethylpentylone (higher than
10,000 ng/ml) and 4-methylethcathinone (4-MEC; up to
619,000 ng/ml).
concentration range in blood from the various studies, as U-

Some substances presented a large
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47700 (0.2-3,800 ng/ml), 4-chloromethcathinone (4-CMG;
0.887-1870 ng/ml) and N-ethylpentylone (31-10600 ng/ml).

Most studies (67.4%) reported NPS detection along with
other substances (Supplementary Table S1), which is very
relevant as multiple drugs intake may lead to the interaction
among the substances and hinder the identification of the drug or
drugs that lead to fatality. Some studies of the main NPS classes
are discussed further in this review.

Opioids

Opioids are a group of drugs comprising a range of
substances, including opiates and their synthetic analogues
that bind to opioid receptors. Morphine, codeine and thebaine
are called opiates, naturally occurring alkaloids found in the
opium poppy and their semi-synthetic derivatives include
hydrocodone, heroin, oxycodone and buprenorphine. Opioids
also include synthetic substances, as methadone, tramadol,
(UNODC, 2021c).
synthetic opioids, including fentanyl analogues, have been

fentanyl, and other derivatives New
appearing on the drug market in the last two decades and
their extreme potency at very low doses leads to fatal
poisonings and have become a problem for both law
enforcement authorities and public health professionals, being
treated in the United States as an epidemic crisis (UNODC,
2021b). Overall, synthetic opioids were the drug class most found
in studies, reported in 43 papers included in this review.

Dwyer et al. (2018) reported 41 deaths involving acetyl
fentanyl in Pennsylvania (United States), with the blood
concentrations ranging from 0.13 to 2,100 ng/ml. In one case,
only the acetyl fentanyl (170 ng/ml) was detected, but in most
cases, the deaths were concluded as multiple drug toxicity,
(26 blood 0.24-60.9 ng/ml),
cocaine, heroin and alcohol.

including fentanyl samples,

An [talian fatal intoxication case involving furanyl fentanyl
was reported by Freni et al. (2019). A 53-year-old man was found
dead with a needle inserted in a vein; a white powder found in the
room contained the drug and N-phenetyl-piperidine (4-ANPP),
a precursor of the manufacture of fentanyl-type drugs, and also a
metabolite. Furanyl fentanyl levels ranged from 2.6 ng/ml in
gastric content to 40.1 ng/ml in cerebrospinal fluid (CSF), and
4-ANPP levels ranged from 0.6 (CSF) to 93.5 ng/ml (cardiac
blood). The presence of the substances in gastric content
indicated not only intravenously but also the oral use of the
product.

Maher et al. (2018) determined the synthetic opioid
cyclopropylfentanyl in four fatalities that occurred in the
United Kingdom, with femoral blood concentrations ranging
between 16.6 and 28.9 ng/ml. Cyclopropylfentanyl was deemed
to have contributed to death in all four cases, even in the presence
of other drugs (not described in the paper). In Italy,
cyclopropylfentanyl was detected in 7 postmortem blood
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(0.8-21 ng/ml) and 11 urine samples (1.3-108 ng/ml). However,
the cause of death was not concluded in the study (DiTrana et al.,
2020).

Two poisoning cases involving carfentanil in Hong Kong
showed blood concentrations of 0.5 and 0.9 ng/ml, and the drugs
were indicated as the cause of death (Chan et al, 2021).
Carfentanil was detected (>0.05ng/ml) in 160 Canadian fatal
cases, with blood concentrations reaching 9.2 ng/ml (Solbeck
etal,, 2021); in 156 cases, the deaths were classified as mixed drug
toxicity (mainly involving cocaine and fentanyl), and in two
cases, only carfentanil was detected in blood at very low
concentrations (<0.1-0.84 ng/ml), indicating the high lethality
of the drug.

Two studies attributed the cause of death to intoxication by
methoxyacetylfentanyl alone or in combination with other drugs
in United States of America (10 cases; 18-140 ng/g in blood;
Kronstrand et al., 2021) and in Denmark (3 cases, 22-56 ng/g in
blood; Mardal et al., 2018). In Italy, methoxyacetylfentanyl were

found in postmortem blood (2.5-91ng/ml) and urine
(70-1900 ng/ml), along with its metabolite
methoxyacetylnorfentanyl ~and other synthetic opioids

(DiTrana et al., 2020) (Table 1 and Supplementary Table S1).
Other studies also described blood concentrations of fentanyl
derivatives, including ocfentanil (15.3 ng/ml; Coopman et al,
2016), butyryl fentanyl (99-220 ng/ml; Poklis et al., 2016), 4-
fluorobutyrylfentanyl (91-112 ng/ml; Rojkiewicz et al., 2016) and
4-fluoroisobutyryl fentanyl (76.1-257 ng/ml), in addition to
synthetic cathinones (N-ethylpentylone, a-PiHP and 4-CMGC;
Zawadzki et al., 2021).

Reports of fatal cases involving U-47700, a selective agonist
of the p-opioid receptor developed in the 1970s, were retrieved in
the search. Rohrig et al. (2017) reported an acute intoxication in
United States at levels of 260 and 400 ng/ml in heart and femoral
blood, respectively. Vitreous humor, brain, liver and urine
showed concentrations ranging from 90 to 4,600 ng/ml. In
Canada, the cardiac blood concentration of U-47700 in three
fatal cases ranged from 45 to 54 ng/ml (Garneau et al., 2020),
along with other opioids. Other cases involving toxic blood levels
of U-47700 were also related in Italy (380 ng/ml, blood; Gerace
et al,, 2018) and Germany (370 ng/ml, blood; Koch et al., 2018),
the
flubromazepam (830 ng/ml).

latter case in association of the benzodiazepine

Recently, a novel opioid class, the benzimidazole derivatives,
has been detected in postmortem cases. Mueller et al. (2021)
reported 3 fatal cases in Switzerland involving isotonitazene, with
concentrations levels ranging from 0.59 to 2.28 ng/ml in blood
and from 0.19 to 3.37 ng/ml in urine. Other drugs, including
benzodiazepines, were detected within the therapeutic range, and
based on circumstantial evidence, autopsy, and toxicological
analysis, the death cause was concluded as acute intoxication
with isotonitazene. In United States, isotonitazene was found in
blood samples from 18 fatal cases, with only the opioid being

detected in 9 cases (Krotulski et al., 2020b). The blood
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concentration ranged from 0.4 to 9.5 ng/ml, similar with those
found by Mueller et al. (2021), highlighting that the drug may
contribute to the fatal outcome even at low concentrations. After
the introduction of isotonitazene, metonitazene and brorphine
emerged as potent opioids involved in fatal cases in United States,
with concentration in blood (1 = 20) ranging from 0.5 to 33 ng/
ml (metonitazene) and from 0.1 to 10ng/ml (brorphine)
(Krotulski et al., 2021b; 2021c).

Synthetic cathinones

Khat (Catha edulis) is a plant native to Africa and the
that B-keto
with  mechanism similar  to

Arabian Peninsula contains cathinone, a

amphetamine of action
amphetamines (Baumann et al, 2018). Although synthetic
cathinones are traditionally known as “bath salts”, due to the
presentation that was initially sold, these NPS are currently sold
in pills, powders, crystals and other formulations.

In France, a case of 3-MMC (3-methylmethcathinone) abuse
showed blood concentrations of 249 ng/ml (peripheral) and
609 ng/ml (cardiac) (Botinelli et al.,, 2017). In another case, a
19-year-old woman died after consuming 3-MMC; levels of
800 ng/ml were found in blood, 153 ng/ml in vitreous humor
and 5.5 mg in gastric contents (Margasinska-Olejak et al., 2019).

In Brazil, two fatal cases involving N-ethylpentylone use in
rave parties were reported, with postmortem blood
concentrations of 170 ng/ml (32y, man) (Costa et al., 2018)
and 597 ng/ml (19 y, woman) (Ferrari Junior and Caldas 2021).
In both cases, the cathinone was the only psychoactive substance
detected. This drug has been also associated with other fatal cases
worldwide. In Poland, Zawadski et al. (2020b) reported a fatal
intoxication of a 30-year-old man, with levels of 10,600 ng/ml in
blood and 17,600 ng/ml in urine; in addition to eutylone and four
N-ethylpentylone metabolites. Two fatal cases of 34-year-old
males involving N-ethylpentylone in United States were
reported by Atherton et al. (2018), with levels of 121 and
953 ng/ml in blood; in the first case, other drugs were also
found and the cause of death was listed as due to
methamphetamine, cocaine, fentanyl, and N-ethylpentylone
intoxication.

Three studies reported the detection of synthetic cathinones
along with synthetic cannabinoids in fatal cases. In Japan, Fujita
etal. (2016) reported serum levels of mepirapim (950 ng/ml) and
a-EAPP (a-ethylaminopentiophenone, 3,100 ng/ml). In a Polish
fatal case, the synthetic cannabinoid UR-144 and the cathinone
pentedrone was found in blood at 4 and 290 ng/ml, respectively,
and the death was directly associated with the use of the drugs;
two other individuals (UR-144 blood concentration of 2.1 and
1.4 ng/ml) committed suicide, probably due to the psychiatric
effects of the drug (Rojek et al., 2017). In a Hungarian fatal case
(23-year-old male) involving N-ethyl-hexedrone (NEH,

cathinone) and ADB-FUBINACA, showed blood levels of
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285 and 0.08 ng/ml, respectively, and five ADB-FUBINACA
metabolites (Kovacs et 2019). As ADB-FUBINACA
below the level, the
hypothesized that the cause of death was NEH intoxication,

al.,
concentration was toxic authors
with heart disease being a co-factor.

Other synthetic cathinones were determined in blood/serum
from acute intoxications, as shown in Table 1, including eutylone
(Krotulski et al., 2021a), N-PP (Majchrzak et al., 2018), 4-MEC
(Brahan et al, 2021), a-PVP (1.1-6,200 ng/ml) (Adamowicz
et al, 2016; Beck et al., 2016; Potocka-Banas et al., 2017),
MPHP (Benedicte et al,, 2020), and mephedrone (Palazzoli
et al, 2021). A fatal poisoning (20y, male) after multiple
cathinone consumption investigated by Mochizuki et al
(2021) showed concentrations of 4-FMC, 4-MeO-a-PVP, 4-F-
a-PVP and PV8 ranging from 145 to 449 ng/ml in heart blood,
and from 127 to 397 ng/ml in femoral blood.

Synthetic cannabinoids

Synthetic cannabinoids are chemically manufactured
substances designed to activate endogenous cannabinoids
receptors and mimic the psychological effects of THC
(Krotulski et al.,, 2021d), with many groups not structurally
related to THC or other natural cannabinoids. Some are still
not controlled under international drug control systems and
undetected in standard drug screens, characteristics that have
contributed to their popularity among drug users.

Herbal mixtures containing the drugs and intended for
smoking like marijuana are commonly found in the street
drug market, but are also available as bulk powders or soaked
or sprayed onto paper to facilitate smuggling into prisons via the
postal service. In the United States, blood and urine from
54 prisoner fatal overdose cases showed the presence of 5F-
ADB, FUB-AMB, 5F-AMB, MDMB-FUBINACA, and AB-
CHMINACA (Hvozdovich et al, 2020). Other synthetic
cannabinoids were the only drugs detected in 37 cases and
were listed as the proximate cause of death.

In Bulgaria, an herbal mixture found in the scene of a fatal
case was shown to contain 5F-ADB and FUB-AMB. The 18-
years-old victim had been using the herb for several months and
overuse it during the last 48 h (Ivanov et al, 2019). Both
substances were found in blood and urine, and 5F-ADB blood
level was 3.7ng/ml. The autopsy findings revealed acute
respiratory distress syndrome and the authors suggested that
the case report could be discussed both as drug-induced and
drug-related death resulting from acute intoxication with 5F-
ADB and FUB-AMB (Ivanov et al., 2019). 5F-ADB and its
methyl ester metabolite was reported by Yeter and Erol
Oztiirk (2019) in blood (n = 70) and urine (n = 34) of fatal
cases in Turkey with concentrations ranging from 0.10-1.55 ng/
ml (5F-ADB, blood), 0.15-23.4 ng/ml (blood, metabolite) and
0.28-72.2 ng/ml (urine, metabolite).
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Kusano et al. (2018) also reported the consumption of herbal
blend containing 5F-ADB by a Japanese 53-year-old male that
resulted in a fatal intoxication. Blood concentrations were
0.19 ng/ml for 5F-ADB and 12ng/ml for diphenidine, a
phencyclidine analog. Investigation of the urinary metabolites
revealed pathways involving ester hydrolysis and oxidative
defluorination, and further oxidation to the carboxylic acid for
5F-ADB
metabolites. The present case demonstrates the importance of

and mono- and di-hydroxylated diphenidine
urinary metabolite screening for drugs with low blood
concentrations.

In Australia, five deaths were related to Cumyl-
PEGACLONE use, a synthetic cannabinoid receptor agonist
with a gammacarbolinone core (Tiemensma et al., 2020).
Levels in postmortem blood ranged from 0.73 to 3.0 ng/
ml, but in the case with the highest concentration, the
cause of death was also due to acute alcohol intoxication
(BAC: 0.24%).

A 29-year-old Polish man was found dead, and the confirmed
cause was asphyxia from occlusion of the upper airway by a
foreign material (Zawadski et al., 2020a). 5F-CUMYL-P7AICA
was detected in blood (2.8 ng/ml) and urine (3.1 ng/ml), but not
in the gastric contents. It was suspected that the man smoked the
dried plant mixed with the powdered synthetic cannabinoid. No
other substance was detected in the screening analysis.

Paul et al. (2017) reported two deaths involving synthetic
cannabinoids abuse in United States. Blood analysis found AB-
CHMINACA in case 1 (8.2 ng/ml) and UR-144, XLR-11, and
JWH-022, in case 2 (12.3, 1.3 and 3 ng/ml, respectively), which,
according to the authors, have contributed to the death. A fatal
poisoning with AB-CHMINACA and ethanol was reported by
Gieron and Adamowicz (2016), with AB-CHMINACA levels
ranging from 0.1 (urine) to 2.7 ng/ml (blood from lung). In
United States, a herbal incense (Apollo brand) was found with a
deceased 34-years-old male and showed to contain 5F-AMB
(Shanks and Behonick, 2016). The drug was found at 0.3 ng/ml in
blood and as no other substance of toxicological interest was
detected, the death was certified as accidental due to synthetic
cannabinoid toxicity.

Angerer et al. (2017) reported 3 fatal cases (25-41- year-old
males) involving synthetic cannabinoids in Germany. In one
case, 5F-PB-22, cannabidiol, traces of AB-CHMINACA and 5F-
AKB-48 were detected in the herbal blend ‘Hammer Head’, and
5F-PB-22 was found in the blood at 0.37 ng/ml; the metabolites
5F-PB-22 3- carboxyindole, PB-22 5-hydroxy-pentyl, and PB-
22 5-pentanoic acid were detected in the urine. In case 2, the
herbal blend ‘Desert Premium Potpourri 2 g’ was found at the
scene and shown to contain AB-CHMINACA, which was
present in blood at 4.1 ng/ml, and metabolites identified in
urine. In case 3, 5F-ADB was found in the seized herbal blend
and in blood (0.38 ng/ml); metabolites of 5F-ADB, NE-
CHMIMO and MDMB-CHMICA were detected in urine.
Considering the death scene, the autopsy and the full
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toxicological analysis, the authors explained the deaths as
consequence of synthetic cannabinoids use, although in the
two first cases relevant amounts of ethanol were found in the
blood (1.45-2.6 g/kg), which might have contributed to the

outcome.

Postmortem cases involving other
substances

Other substances involved in fatal intoxications include

phenethylamines, phencyclidine analogues and designer

benzodiazepines.  Phenethylamines  are  amphetamine
analogues with a phenethylamine core in their structure
(Figure 1) and also include ring substituted substances as
2C, NBOMe, NBOH compounds, benzodifurans (e.g.,
Bromo-Dragonfly) and others (6-APB, PMMA) (Lehmann
et al., 2020; UNODC, 2021d). Phencyclidine analogues are
N-methyl-p-aspartate (NMDA)
include ketamine, 3-MeO-PCP, diphenidine, methoxetamine
(MXE), 2F-DCK and 3-MeO-PCE (Lehmann et al., 2018;
Arbouche et al., 2021). Designer benzodiazepines include
NPS that

structurally

receptor antagonist, and

contain a benzodiazepine core, including

closely related compounds and are not

controlled under the international drug control system
(Lehmann et al., 2019; EMCDDA, 2021b).
Hofmann et al. (2021) reported a fatal case in Germany

involving two stereoisomers (5- and 6-(2-aminopropyl)
benzofuran), which are substituted benzofuran
phenethylamines. Concentrations ranged from 300 to

2,400 ng/ml in blood and from 2,100 ng/ml in bile to
65,000 ng/ml in stomach content. No other substance was
detected in the screening and the cause of death was assumed
as intoxication with 5-APB/6-APB. In a Norwegian fatal case
involving 5-APB, blood analysis showed levels of 860 ng/ml,
which was considered the cause of death (Krpo et al., 2018).

A total of 33 fatal cases reported in Sweden and Finland
were positive for flualprazolam, a designer benzodiazepine,
showing median concentrations of 18.0 (3.0-68 ng/g) and
poly-drug use, mainly including opioids, and flualprazolam,
which were implicated as the cause of death in 13 cases (Krikku
et al., 2020).

Various fatal cases were reported to be due to the use of
methoxyphencyclidine (3-MeO-PCP). In Sweden, only the
drug was found in femoral blood (380 ng/g) (Johansson
et al, 2017), and in the Netherlands, the levels were 123 ng/
ml in serum and 152 ng/ml in blood (De Jong et al., 2019). In
France, a plastic bag containing 3-MeO-PCP powder was found
near a 44 years-old man, and levels of 525 ng/ml were present in
femoral blood and of 384 ng/ml in urine, in addition to
6 different metabolites (Arbouche et al., 2021). In another
French case, powder and crystals contained 3-MeO-PCP
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(72.9%) and blood
concentration of the deceased were 498 ng/ml (peripheral)
and 743 ng/ml (cardiac) (Ameline et al., 2019). Gicguel et al.
(2021) reported the detection of 3-MeO-PCE (90 ng/ml) in
peripheral blood, in addition to 2-fluorodeschloroketamine
(2F-DCK) (1780 ng/ml) and a tryptamine analog, 5-MeO-
DMT (52 ng/ml).

A 23-year-old male experienced severe respiratory distress
and died after being detained by the police. 25C-NBOMe and 2C-
C were detected at levels of 2.07 ng/ml and 27.43 ng/ml (25C-
NBOMe) and of 0.12 ng/ml and 0.38 ng/ml (2C-C) in blood and
urine, respectively. 25C-NBOMe concentrations in tissues

and various catinones were found,

ranged from 152ng/g in liver to 300ng/ml in gastric
contents. Based on case history, autopsy and toxicological
findings, the cause of death was 25C-NBOMe toxicity
(Kristofic et al., 2016).

Wiergowski et al. (2017) reported an acute intoxication of
three young men by 25B-NBOMe and 4-CMC intake. One man
died after jumping off the window of the apartment, due to
hallucinations; concentrations in the blood were 661 ng/ml (25B-
NBOMe) and 0.887 ng/ml (4-CMC). Other man showed strong
convulsions, heavy breathing and salivation before dying, and
postmortem blood concentrations were 66.5 (25B-NBOMe) and
2.14 ng/ml (4-CMC). The authors concluded that the deaths
were due to fatal overdose of 25B-NBOMe; O-demethylathed O,
O-bis-demethylathed and glucuronidated metabolites were also
found in postmortem blood (Wiergowski et al., 2017).

Conclusion

A total of 96 papers that reports fatal cases involving NPS
published in the literature from 2016 to 2021 were reviewed. LC-
MS/MS methods were the most used for quantification analysis, and
GC-MS technique was widely used as screening and confirmation
method. In addition to screening, high resolution mass spectrometry
was the preferred technique used for metabolite identification.
cathinones,

Opioids, phenethylamines/

amphetamines and synthetic cannabinoids were the main NPS

synthetic

classes found in the postmortem samples, and polydrug use was
reported in most studies, which exposes NPS users to a higher
risk of overdose due to potential drug interactions. Furthermore,
some drugs, as synthetic cannabinoids and opioids, can be fatal at
low doses, making the drug detection and the toxicological
evaluation an analytical challenge.

The results of this review indicate that toxicological screening
and confirmation methods need to be continuously updated to
include new substances that emerge on the drug market.
Furthermore, results from non-biological analysis can be a
source of information on the possible toxic agent, and provide
the laboratory reference material to helping to discover new
emerging substances.
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