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Abstract

Benzimidazole opioids, often referred to as nitazenes, represent a subgroup of new psychoactive substances with a recent increase
in fatal overdoses in the USA and Europe. With a variety of analogs emerging on the illicit drug market, forensic laboratories are
challenged to identify these potent drugs. We here present a simple quantitative approach for the determination of nine nitazene
analogs, namely, clonitazene, etodesnitazene, etonitazene, etonitazepyne, flunitazene, isotonitazene, metodesnitazene, metonitazene
and protonitazene in whole blood using liquid-phase microextraction and electromembrane extraction in a 96-well format and liquid
chromatography-tandem mass spectrometry. Green and efficient sample preparation was accomplished by liquid-phase microextrac-
tion in a 96-well format and resulted in high extraction yields for all analytes (>81%). Here, blood diluted with buffer (1:1, %v) was
extracted from a donor compartment across a thin organic liquid membrane and into an aqueous acceptor solution. The acceptor
solution was collected and directly injected into the analysis platform. Chromatographic separation was accomplished with a biphenyl
column, allowing for a baseline separation of the structural isomers isotonitazene and protonitazene before detection by multiple
reaction monitoring. Validation was performed according to Scientific Working Group of Forensic Toxicology guidelines. The calibra-
tion range was from 0.5 to 50 nM (except for protonitazene and clonitazene from 0.1 nM) with good linearity and limits of detection
down to 0.01 nM. An AGREEprep assessment was performed to evaluate sample preparation greenness, with a final score of 0.71.
Nitazenes represent a current threat to public health, and analytical methods that cover a wide range of these analogs are limited.
Here, the described method may assist in the detection of nitazenes in whole blood and prevent these substances from being missed
in postmortem investigations.

Introduction with an ethylamine in the 1-position and a benzyl group in
the 2-position. The synthesis is amenable to incorporating a
variety of substituents, producing a large number of analogs.

Already in the 1950s, nitazenes were investigated for
medicinal purposes due to their strong analgesic properties,
but were never approved for therapeutic use in humans (7).

In 2019, the first findings of the nitazene analog isotoni-

New synthetic opioids (NSOs) are becoming an increasing
concern to public health due to their high potencies and
increased risk of life-threatening side effects. Since 2009, 75
new opioids have been identified in the European drug market
and their unregulated nature makes the distribution difficult
to monitor (1). Although fentanyls have the highest overdose

death rates among synthetic opioids, recent core-structure
scheduling of fentanyl-related substances in the USA and
China disrupts the supply and encourages clandestine labora-
tories to synthesize alternative NSOs (2, 3). 2-benzyl benzim-
idazole opioids, often occurring under the name “nitazenes,”
represent such a group of alternative NSOs. These p-opioid
receptor agonists have strong antinociceptive effects similar
to morphine and heroin; however, potencies can be up to
1,000 times that of morphine (4-6). The general structure is
depicted in Figure 1. Nitazenes contain a benzimidazole ring

tazene started to appear in the USA (8). According to the
National Forensic Laboratory Information System database,
644 reports of isotonitazene have been received as of Septem-
ber 2022 (8). Work by Logan and colleagues (2) confirmed
the presence of various nitazene analogs in 288 casework
samples between January 2020 and December 2021, demon-
strating their popularity among users compared to previous
years.

In 2019, the first nitazene was identified in the European
drug market, and since then, 10 other analogs have followed.
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Figure 1. Molecular structure of etonitazene.

In the most recent European Monitoring Centre for Drugs
and Drug Addiction report on new opioids, isotonitazene
accounted for 22% of the seized material of new opioids (1).
In Norway, three cases of nitazene overdoses have been con-
firmed in three different locations. Two of these cases had
fatal outcomes (9, 10). Norwegian customs have also had four
seizures of nitazenes (11).

Nitazenes are often not part of routine toxicology screen-
ing and may remain undetected. This is especially relevant
when heroin has been fortified with nitazenes, they are con-
stituents in counterfeit medicines or are involved in polydrug
abuse. In the USA, most known nitazene analogs are classi-
fied as Schedule I-controlled substances under the Controlled
Substances Act (12). Eleven nitazene analogs and brorphine
will be added to Class A of the Misuse of Drugs Act 1971,
and legislation will be brought forward to control these sub-
stances (13, 14). The development of analytical methodology
for the determination of nitazenes is therefore highly relevant.
At present, such validated methods are limited; however, Wal-
ton et al. (15) presented a validated quantitative approach for
the simultaneous analysis of six nitazene analogs and three
associated metabolites alongside the work by Krotulski et al.
(16) for the quantification of isotonitazene.

Liquid-liquid extraction, solid-phase extraction and pro-
tein precipitation are the commonly encountered sample
preparation techniques in forensic analysis. Although robust
and simple, these techniques may require large volumes of
organic solvents and produce considerable amounts of waste,
not aligned with the demands for greener analytical chemistry
(17).

Microextraction, in various formats, has proven to be a
useful tool to minimize the overall material consumption and
has been implemented in numerous analytical applications
(18-21). Liquid-phase microextraction is one such technique
and is found in three main variations, namely, single-drop
microextraction (22), dispersive liquid-liquid microextrac-
tion (23) and hollow-fiber liquid-phase microextraction (HF-
LPME) (24). With the requirement of a highly robust and
reliable sample preparation due to judicial repercussions of
analysis outcomes, the lack of commercial equipment for these
techniques is a serious shortcoming.

HF-LPME has more recently advanced to a 96-well format
(25-28). The 96-well format allows for higher-throughput
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extractions better suited to forensic analysis. This is a three-
phase extraction principle where the analyte is transferred
from an aqueous sample solution, across a thin organic layer
immobilized in a filter membrane, into an aqueous acceptor
solution (Figure 2a). The extraction takes place in a sin-
gle step, and since extracts are aqueous, they are directly
injected into the LC-MS instrument. Extractions can also
be enhanced by an electrical field through a technique called
electromembrane extraction (EME, Figure 2b).

Forensic applications utilizing LPME and EME in a 96-well
format have not been extensively explored, but show poten-
tial based on existing publications. Vardal et al. developed
a validated method using 96-well LPME for the determi-
nation of new psychoactive substances and benzodiazepines
in plasma and whole blood (29, 30). In previous work, a
method for the determination of tryptamine analogs from
whole blood using a 96-well EME was also developed
(25).

In the present study, we demonstrate how a 96-well LPME
can be employed as a green approach for the simultaneous
determination of nine nitazene analogs from whole blood.
Both EME and LPME were evaluated for the present appli-
cation. With the reoccurring incidents of nitazene overdoses,
we show how this novel extraction technique is utilized for a
highly relevant forensic application.

Experimental procedures
Chemicals and solvents

Metodesnitazene (>98%), isotonitazene (>98%), protoni-
tazene (>98%) and etonitazene-d; (>99%) were purchased
from Cayman Chemicals (Ann Arbor, Michigan, USA).
Metonitazene (>99%), etonitazepyne (>99%), etonitazene
(>99%), flunitazene (>99%), etodesnitazene (>99%) and
clonitazene (>99%) were purchased from Chiron (Trond-
heim, Norway). Methanol (Chromasolv LC-MS Ultra) was
purchased from Honeywell Research Chemicals (Morris
Plains, NJ, USA). Dodecyl acetate (DDA), ammonium for-
mate, 2-nitrophenyl octyl ether (NPOE) and trioctylamine
(TOA) were purchased from Sigma-Aldrich (Steinheim, Ger-
many). Dimethyl sulfoxide (DMSO) was purchased from
Merck (Darmstadt, Germany). Sodium hydroxide (HPLC
grade) and formic acid (FA) (LC-MS grade) were purchased
from VWR (Radnor, PA, USA). Methanol (MeOH, Chro-
masolv™ > 99.9%) was obtained from Honeywell/Riedel-de
Haén™ (Seelze, Germany). Water was obtained from a Milli-
Q® purification system, Merck Millipore.

Solutions

Human whole blood with sodium fluoride and heparin as
additives was supplied by the Blood Bank of Oslo (Oslo Uni-
versity Hospital) and stored in brown glass bottles at —20°C
before use. Standard solutions of nitazenes were prepared in
20mM FA in MeOH:H,O (1:1, v/v) and stored at -20°C.
Working solutions of nitazenes were prepared in 50 mM FA
and stored at 4°C. A 50nM nitazene mix was used dur-
ing optimization experiments. Calibrator and quality control
(QC) samples were freshly prepared each day by spiking
analyte-free whole blood with respective working solutions
(%, v/v) (Supplementary material Table S2).
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Figure 2. (a) LPME in a 96-well format. Extraction is facilitated by a pH gradient. The uncharged analytes (gray circles in the sample and supported liquid
membrane) in an agueous sample are extracted across an organic liquid membrane and into an agueous acceptor where the analyte is ionized (green
circles in the acceptor). (b) EME in a 96-well format. Extraction of the charged analyte is facilitated by an electric field.

Liquid-phase microextraction procedure

The equipment has been described previously (31). Extrac-
tion was performed with a 96-well polypropylene donor plate
with 0.5-mL wells from Agilent (Santa Clara, CA, USA).
The acceptor plate was a 96-well MultiScreen-IP filter plate
from Merck Millipore (Carrigtwohill, Ireland). The mem-
brane material was polyvinylidene fluoride (PVDF) with a
pore size of 0.45 um. A Platemax Pierceable Aluminum Seal-
ing Film (Axygen, Union City, CA, USA) was used to seal
the acceptor plate. Agitation during extraction was accom-
plished with a Vibramax 100 agitation system from Heidolph
(Kellheim, Germany).

Extraction was performed by pipetting 120 uL of analyte-
free whole blood, 10 pL of working solution and 120 pL of FA
solution spiked with internal standard (IS) into the wells of the
donor plate. The filter on the acceptor plate was impregnated
with 4 pL of organic solvent, creating the supported liquid
membrane. The acceptor and donor plates were clamped
together, and the acceptor solution (50 uL) was pipetted into
the wells of the acceptor plate before sealing the acceptor plate
with aluminum-sealing film. The extraction unit was placed
onto the agitation device for extraction for 45 min at 800 rpm.
A total of 40 pL of the acceptor solution was transferred to
glass autosampler vials. Recovery standards were prepared
by spiking 10 pL of working solution to 40 pL of extracted
blank.

EME procedure

EME was performed in a laboratory-built 96-well format
as previously described (32, 33). Extraction was performed
with a laboratory-built donor plate made from steel with 96
wells, serving as the anode. The acceptor plate was a 96-well
MultiScreen-IP filter plate from Merck Millipore (Carrigt-
wohill, Ireland). A laboratory-built steel lid with 96 electrode
rods customized for the MultiScreen plate was used to seal
the acceptor plate and served as the cathode. Agitation during
extraction was accomplished with a Vibramax 100 agitation
system from Heidolph (Kellheim, Germany).

The assembly of the extraction device was performed sim-
ilar to LPME. After the donor and acceptor plates were

loaded, the lid was placed on top. The donor plate (anode)
and the top lid (cathode) were connected to a power sup-
ply (model ES 0300-0.45, Delta Elektronika BV, Zierikzee,
the Netherlands) and placed onto the agitation device for the
desired time at 700 rpm. The extraction current was recorded
using a Fluke287 multimeter at a rate of 8 Hz (Fluke, Everett,
WA, USA).

UHPLC-MS-MS

Optimization and validation were performed on separate
ultra high performance liquid chromatography-tandem mass
spectrometry (UHPLC-MS-MS) platforms. The systems were
identical, apart from one system having an injection loop
and the other system using flow-through needle injection.
Analysis was performed with a UHPLC-MS-MS system com-
prising an Acquity UPLC system coupled to a Xevo-TQS triple
quadrupole by an electrospray ionization interface (Waters,
Milford, MA, USA).

During method development, separation was investigated
for an Acquity BEH C;g column (2.1mm LD.x 100 mm,
1.7pm) and an Acquity BEH C;g column (2.1 mm LD.x
50mm, 1.7 um) from Waters, an Acquity HSS T3 (2.1 mm
I.D. x 100 mm, 1.8 pm), from Waters and a Kinetex biphenyl
(2.1x100mm, 1.7pm) from Phenomenex with a mobile
phase consisting of 10 mM ammonium formate pH 3.1 (Sol-
vent A) and MeOH (Solvent B). For the final method, the
Kinetex biphenyl column was employed with a flow rate
of 0.5 mL/min and separation was performed at 60°C using
a 5.5-minute gradient: 0-0.3min; 10-50% B, 0.3-2 min;
50% B, 2-3.9 min; 50-70% B, 3.9-3.91 min; 50-100% B,
3.91-5 min; 100% B, 5-5.01 min; 100-10% B, 5.01-5.5 min;
10% B. The injection volume was 4 pL. The injection tech-
nique was partial loop with overfill and flow-through needle
for optimization and validation, respectively.

MS-MS analysis was performed by multiple reaction mon-
itoring (MRM) with positive electrospray ionization. MS-MS
parameters were optimized using the built-in source optimiza-
tion tool by flow injection of 500 nM nitazene mix in MeOH.
A capillary voltage of 0.90kV, an ion source temperature of
150°C, a cone gas flow of 150 L/h and desolvation gas flow of
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1000 L/h at 500°C were used. Data acquisition and processing
were performed using MassLynx 4.2 software from Waters.

Method validation

The method was validated based on the Scientific Working
Group for Forensic Toxicology guidelines (34). Linearity, limit
of detection (LOD), limit of quantification (LOQ), inter-day
precision and bias, intra-day precision, extraction recov-
ery, matrix effects (ME), autosampler stability, freeze—thaw
stability and dilution integrity were studied.

Calibration model

The calibration model was assessed from five assays of six
or seven calibrators with one replicate per concentration
level with weighted (1/x?) quadratic calibration curves for all
nitazene analogs, except 1/x weighting for protonitazene and
etonitazene. All data points from the five assays were plot-
ted together and were evaluated using the curve estimation
function in IBM SPSS Statistics for Windows version 23.0.

LOD and quantification

LOD was assessed from two replicates for three assays of
scalar dilutions (1:4, 1:9, 1:24 and 1:49) of the working solu-
tion for the second calibrator (0.5 nM) before being spiked
to blood and defined as the lowest concentration with a
signal-to-noise ratio (S/N) above three. LOQ was set as the
lowest calibrator where inter-day precision and accuracy were
<420%.

Precision and accuracy

Precision was determined as the coefficient of variation
(%CV). Inter-day precision and accuracy were determined
from five assays for four QC sample concentration levels with
three replicates per assay. Accuracy was reported as bias (%)
calculated as the difference between the true value and the
average of all observations at each QC level, and intra-day
precision was selected from the assay with the lowest preci-
sion. Precision and accuracy were considered acceptable at
%CV <20% and at bias <420%, respectively.

Recovery and ME

The extraction recovery was calculated for the QC2 and QC4
level with four replicates per level. Recovery was reported as
the percent analyte response from pre-spiked extracts relative
to the response from post-spiked extracts. Response relates
to the analyte area relative to the IS area. The internal stan-
dard was spiked post-extraction in both cases. Extraction
recoveries above 40% were considered acceptable.

ME was assessed for the QC2 and QC4 level in blood
samples from four donors. ME was calculated as the percent
analyte peak area from post-spiked extracts relative to the
peak area in spiked 50% MeOH in 50 mM FA. IS-corrected
ME was calculated from analyte response with IS-spiked post-
extraction. MEs between 80% and 120% were considered
acceptable.

Autosampler and freeze-thaw stability

Autosampler stability was evaluated by reinjecting both cal-
ibrators (one replicate) and QC samples (three replicates)
after 1 and 3 days in the autosampler. Autosampler stability
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Table I. Optimized MS Tune Settings from IntelliStart

Ionization mode Positive electrospray (ES)+

Capillary voltage 0.90kV
Desolvation temperature 500°C
Desolvation gas flow 1000 L/h
Cone gas flow 150L/h

was expressed as bias (%) from the nominal QC value. Bias
<4+20% was considered acceptable.

Freeze—thaw stability was evaluated by thawing and
refreezing spiked samples at the QC2 and QC3 level with
three replicates. The samples were extracted with the fresh
calibrators, and stability was reported as bias (%) from the
nominal value. Bias <4+20% was considered acceptable.

Dilution integrity

Dilution was assessed by diluting spiked whole blood (90 nM)
1:1, 1:4 and 1:9 with drug-free whole blood with three repli-
cates for five assays. Precision and accuracy were considered
acceptable at a %CV of <20% and a bias of <+20%,
respectively.

Greenness score

Greenness was evaluated based on guidelines proposed by
Wojnowski et al. (35). The assessment was based on 10 cat-
egories where a score from 0 to 1 was obtained for each
category. The sub-scores are weighted based on their impor-
tance and recalculated into a final assessment score using
open access software obtained from (36). The higher scores
represent greener methods.

Results and discussion

Optimization of MRM parameters

The integrated IntelliStart module was used to determine MS
tune settings and optimized MRM transitions. The former
included ionization mode, capillary voltage, desolvation tem-
perature and desolvation gas flow, for which optimized values
are listed in Table 1.

The optimized mass spectrometric parameters using Intel-
listart, including precursor ion, product ion, cone voltage and
collision energies, are listed in Table II. The autodwell function
in Masslynx was used to generate dwell times.

Optimization of chromatographic separation

Compound separation was investigated with four columns,
namely, Acquity HSS T3 (2.1x 100 mm, 1.8 pm; Waters),
Acquity BEH C18 (2.1x100 and 50 mm, 1.7 pm; Waters)
and Kinetex Biphenyl (2.1 x 100 mm, 1.7 pm; Phenomenex),
and temperatures were tested at 30°C, 45°C and 60°C. With
the biphenyl column, additional selectivity was observed and
baseline separation of the structural isomers isotonitazene
and protonitazene was achieved. Analyte stability was not
affected by higher temperatures, and hence, 60°C was selected
for separation. The final gradient is found in the UHPLC-
MS-MS section. Figure 3 shows the chromatogram from the
separation of blood extract at 2 nM.
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Table Il. Optimized Mass Spectrometric Parameters and Analyte Retention Time

Analyte Retention time (min)  Precursor ion (m/z) Product ions (m/z)? Cone (V) Collision (eV)
Metodesnitazene 1.28 338.5 100.2,72.2 42 16,22
Flunitazene 1.38 371.2 100.0, 72.1 28 22,30
Metonitazene 1.49 383.2 100.1, 72.1 24 22,36
Etodesnitazene 1.56 352.3 100.1, 72.2 42 16, 36
Etonitazepyne 1.65 395.5 98.1, 107.1 82 22,50
Clonitazene 1.81 387.5 100.1, 72.1 52 24,26
Etonitazene 1.86 397.2 72.1,100.0 28 38,22
Isotonitazene 2.32 411.2 100.0, 72.1 28 22,38
Protonitazene 2.68 411.2 100.2,72.1 56 42,22
2Product ions: quantifying ion with corresponding collision energy written in bold, qualifying ion without marking.
1.56
100‘
%
0 Yova
1.00 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

Figure 3. Total ion current chromatogram of whole-blood extract for the calibrator at 2nM. Peaks are identified as metodesnitazene (1.28), flunitazene
(1.38), metonitazene (1.49), etodesnitazene (1.56), etonitazepyne (1.65), clonitazene (1.81), etonitazene (1.86), isotonitazene (2.32) and protonitazene

(2.68).

Method development for liquid-phase
microextraction

EME and LPME were evaluated for one-step extraction of
nitazenes in whole blood, as these techniques are well suited
for small sample volumes, offer high-throughput, and are
environment-friendly due to low solvent consumption. At this
point in method development, only four nitazene analogs
were available, namely, metonitazene, flunitazene, etonitazene
and isotonitazene. Initial EME and LPME extraction condi-
tions were adapted from the study by Vardal et al. (29, 30) and
previous work (25), respectively, with some modifications as
described later.

EME was optimized by altering the acceptor composition,
liquid membrane and extraction time. LPME optimization
was performed by adding 1.0%,2.5% and 5.0% TOA to DDA
(v/v). This has been shown to be effective to saturate nonspe-
cific binding sites in the PVDF support material used in the
currently available 96-well format (30). It should be noted
that the use of TOA in EME is not feasible due to the charge
interaction of TOA in the electrical field (results not included).
Modification of the acceptor solution with 50% DMSO was
also tested, as this has been reported to improve analyte parti-
tion into the acceptor (30). The average extraction recoveries
for the optimization experiments are listed in Table III.

For EME, the highest average extraction recovery was
achieved for Condition 2 at 61% and Condition 3 at 64%,

but with Condition 2 being more favorable due to improved
robustness (CV <8%) compared to Condition 3 (CV <22%).
Compared to the previous literature, these relatively low
recoveries are unexpected. However, due to the complex-
ity of the sample matrix, such recoveries are not unusual
(25, 37). For the LPME extractions, the addition of TOA
markedly increased extraction recoveries, with optimal con-
ditions at 1% TOA in DDA, due to favorable robustness with
a CV of <13% and a high average extraction recovery at 80%.
Based on these results, LPME was found to be more suitable
for the extraction of nitazenes from whole blood and is also
a more simple extraction system. Although EME is usually
the preferred technique due to increased mass transfer effi-
ciency from the electric field, the addition of TOA in LPME
outperformed this advantage.

Method validation

Method validation was based on the assessment of linearity,
LOD, LOQ, intra-day precision, inter-day precision and bias,
extraction recovery, ME, autosampler stability, freeze-thaw
stability and dilution integrity.

Table IV includes the calibration model, LOQ and LOD.
The calibration range was 0.5-50 nM, except for clonitazene
and isotonitazene ranging from 0.1 to 50 nM. The calibration
model was quadratic for all nitazenes with weighting 1/x?,
except for etodesnitazene and protonitazene with weighting
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Table lll. Average Extraction Recoveries for Extraction of Nitazenes from Whole Blood with EME and LPME during Method Development, N =4

Extrac-
Condi- tion time Acceptor
tion Technique (min) Donor composition Liquid membrane composition Recovery (%) %CV
1 EME 30 50% blood in 100 mM FA NPOE 25mM FA 56 <28
2 EME 30 50% blood in 100 mM FA NPOE 50 mM FA 61 <8
3 EME 30 50% blood in 100 mM FA NPOE 50% DMSO in 64 <22
100 mM FA
4 EME 15 50% blood in 100 mM FA NPOE 50 mM FA 58 <58
1 LPME 45 50% blood in 100 mM DDA 50 mM FA 30 <33
NaOH
2 LPME 45 50% blood in 100 mM DDA 50% DMSO in 10 <33
NaOH 100 mM FA
3 LPME 45 50% blood in 100 mM 1% TOA in DDA 50mM FA 80 <13
NaOH
4 LPME 45 50% blood in 100 mM 2.5% TOA in DDA 50 mM FA 81 <28
NaOH
5 LPME 45 50% blood in 100 mM 5% TOA in DDA 50mM FA 67 <19
NaOH
Percentages given denotes %v/v.
Table IV. Calibration Model, LOQ and LOD
Calibration
Analyte range (nM) Model Weighting LOQ (nM) LOD (nM) Correlation (R?)  Origin
Metodesnitazene 0.5-50 Quadratic 1/x% 0.5 0.1 0.998 Excluded
Flunitazene 0.5-50 Quadratic 1/x* 0.5 0.1 0.999 Excluded
Metonitazene 0.5-50 Quadratic 1/x> 0.5 0.05 0.998 Excluded
Etodesnitazene 0.5-50 Quadratic 1/x 0.5 0.01 0.997 Excluded
Etonitazepyne 0.5-50 Quadratic 1/x? 0.5 0.01 0.999 Excluded
Clonitazene 0.1-50 Quadratic 1/x> 0.1 0.02 0.999 Excluded
Etonitazene 0.5-50 Quadratic 1/x> 0.5 0.02 0.999 Excluded
Isotonitazene 0.1-50 Quadratic 1/x% 0.1 0.02 0.998 Excluded
Protonitazene 0.5-50 Quadratic 1/x 0.5 0.1 0.999 Excluded

1/x. LOQ was set as the lowest calibrator, while LOD ranged
from 0.01 to 0.1 nM. The correlation coefficient was >0.993
for all analogs, and the regression model was significant by
Analysis of Variance (ANOVA).

The validation results are presented in Table V. All
nitazenes fell within the validation requirements for intra-day
precision, inter-day precision and accuracy at all QC lev-
els. The recovery was above 81% with an acceptable CV of
<16%. ME and IS-corrected ME fell outside requirements
for metodesnitazene, etodesnitazene, etonitazepyne, isotoni-
tazene and protonitazene with ion enhancement up to 233 %.
The observed effects do not, however, impact the assay perfor-
mance due to matrix-matched calibrators. Additional exper-
iments were conducted to investigate the source of the ME,
and it was found that the ME was present independent of the
biological matrix, that is, comparing the signal intensity of
extracts from spiked blood and spiked buffer (ME<115%,
results not included). Ion enhancement for nitazenes with
LC-ESI-MS analysis has also been observed in the literature
(15). Freeze—thaw stability was within requirements for all
analytes except etodesnitazene (bias 25%) and protonitazene
(bias 22%). Repeated freezing of samples with these analytes
should be avoided. The nitazenes were generally stable after
1 and 3 days in the autosampler, with some exceptions for
metodesnitazene and etodesnitazene.

Dilution integrity was evaluated at dilution ratios of 1:1,
1:4 and 1:9 for spiked whole blood. Only the dilution ratio of

1:1 was within validation requirements. For higher dilution
factors, concentrations were overestimated by up to 73% and
95% for dilution ratios of 1:4 and 1:9, respectively. Intra-day,
inter-day precision and accuracy for the 1:1 dilution ratio are
listed in Table VI. From a review by Montanari et al. (38) of
eight case reports with 93 fatalities involving nitazene analogs,
the highest concentration in postmortem peripheral blood was
33 ng/mL (86 nM) for metonitazene. The method presented
here, with a calibration range of up to 50nM and a dilution
ratio of 1:1, is therefore considered acceptable.

Greenness score

The assignment of a greenness score to new methods can pro-
vide valuable insight into analytical method development. It
can be used as a tool for routine laboratories implementing
new methods or for improving already established methods.
We believe that green sample preparation will be the future of
analytical laboratories. An array of approaches have been pro-
posed, with varying comprehensiveness and focus on different
parts of the analytical workflow (39-41). To solely address the
sample preparation, AGREEprep, developed by Wojnowski
et al. (35), allows for the evaluation of all aspects of the sam-
ple preparation procedure. Figure 4 presents the results from
the AGREEprep analysis, and details of the data input for each
subcategory are provided in the Supplementary material.
The overall score is in the center, while subcriteria (1-10)
are located around the inner circle, with the length of each
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Table VL. Dilution Integrity at a Dilution Ratio of 1:1 for Spiked Whole Blood

Intra-day Inter-day Accuracy

Analyte precision (CV)  precision (CV)  (bias)
Metodesni- 9 9 14
tazene

Flunitazene N N 8
Metonitazene 6 7 12
Etodesnitazene 8 7 14
Etonitazepyne 8 S 12
Clonitazene 6 4 9
Etonitazene 6 N 12
Isotonitazene 6 4 10
Protonitazene 5 7 12

Figure 4. Graphical results from the AGREEprep analysis calculated using
the AGREEprep software v.0.9.

sector representing the weighting of the respective criteria. The
overall score of 0.71 is considered very good (35), demon-
strating that the 96-well LPME can meet the demands of
future analytical laboratories. The lowest scores were received
for the sample preparation site and the use of non-reusable
equipment. In theory, both these critiques could be addressed;
however, on-site sample preparation is not common practice
in our laboratory, and reusing plastic equipment is generally
not practical in forensic casework.

Conclusion

A validated workflow for the quantification of nine nitazene
analogs in whole blood has been developed. Whole blood
samples were prepared using 96-well LPME and analyzed
using LC-MS-MS. By utilizing a microextraction technique,
samples could be prepared with minimal waste and haz-
ardous solvents. Quantification was achieved in the range
of 0.5 to 50nM (except for protonitazene and cloni-
tazene at 0.1nM), with acceptable linearity, accuracy and
precision. The nitazenes included in the assay, namely, cloni-
tazene, etodesnitazene, etonitazene, etonitazepyne, fluni-
tazene, isotonitazene, metodesnitazene, metonitazene and

Schiiller et al.

protonitazene, represent not only analogs frequently encoun-
tered by authorities but also less known analogs. Therefore,
the presented method may be suited for incoming cases of
nitazene intoxications.

The presented method aligns with the green analytical
chemistry principles and may have the potential to supplement
or replace conventional sample preparation techniques. The
96-well LPME is a versatile technique suitable for complex
matrixes used in forensic analysis. We hope that the presented
results can encourage more researchers to implement greener
methodology in their laboratories.

Supplementary data

Supplementary data is available at Journal of Analytical
Toxicology online.
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