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DRIVERS - ANALYSIS OF THREE CASES
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Abstract

N-ethylhexedrone (HEX-EN) is a synthetic cathinone, a hexedrone derivative, which is structurally close to other popular
cathinones such as pentedrone and a-pyrrolidinohexiophenone (a-PHP). This substance appeared in Europe in October 2015,
and it was detected in biological material for the first time at the Institute of Forensic Research in Krakow at the beginning of
2017. The article presents three cases in which the presence of N-ethylhexedrone in the blood of drivers was revealed. The use
of liquid chromatography-mass spectrometry with different mass analyzers and in-depth analysis of mass spectra enabled the
detection and identification of this compound, which was not covered by previously applied screening method. Liquid-liquid
extraction was used for the isolation of N-ethylhexedrone from blood samples. The developed liquid chromatography-linear
ion trap-mass spectrometry (LC-LIT-MS) method was successfully applied in the determination of N-ethylhexedrone. Blood
concentrations of this compound ranged from 8 to 37 ng/ml. Despite the lack of clear symptoms in the reported driving cases,
the N-ethylhexedrone effects reported on the Internet forums suggest that driving under the influence of this substance should

be treated as a potential threat to traffic safety.
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1. Introduction

N-ethylhexedrone (2-(ethylamino)-1-phenylhex-
an-1-one; a-ethylaminohexanophenone) is a synthetic
cathinone, a derivative of hexedrone, in which the me-
thyl group attached to the nitrogen atom is substituted
by an ethyl group (Fig. 1). Structurally it is similar
to pentedrone, and also a-pyrrolidinohexiophenone
(a-PHP), from which it differs by the substitution of
a pyrrolidine group with an N-ethyl group. It is most
commonly referred to as HEX-EN, Ethyl-Hex and
NEH by users (internationally), as well as Henio and
Henryk by Polish users. N-ethylhexedrone was de-
scribed for the first time in 1964 together with other

derivatives of aminoketone in a patent by Boehringer
Ingelheim (Patent: GB1069797, 1964). This sub-
stance appeared in Europe in October 2015 and was
frequently detected in the following year (EMCDDA).
Its presence in Poland was probably a response to the
amendment of the Act of 29 July 2005 on Counteract-
ing Drug Addiction (Journal of Laws 2005 No. 179
item 1485, with later amendments), which entered into
force on 1 July 2015. On that date, another 114 new
psychoactive substances (NPS) were placed on sched-
ules of controlled substances, amongst them popular
cathinones — a-PVP and pentedrone, as well as hexe-
drone. NPS that are encompassed by legal control are
immediately replaced by their new, uncontrolled de-
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rivatives, and that is probably why N-ethylhexedrone
— which has recently gained substantial popularity in
Poland — came onto the Polish market. This compound
is currently on the list of controlled substances in Hun-
gary, and in Denmark and Lithuania it is covered by
a generic law (EMCDDA).

N-ethylohexedrone is sold as a so-called research
chemical in the form of white, grey or yellow pow-
der (viscous powder) or very fine crystals (needles). It
is odourless or has a characteristic, unpleasant smell,
tasteless or — contrarily — has an unpleasant, chemi-
cal and bitter aftertaste. This substance is most often
drawn in through the nose (sniff) or inhaled (vaporiza-
tion). It can also be administered orally, rectally, in-
travenously, smoked in the form of so-called maczan-
ka (sop) or in e-cigarettes. Another way of taking it
is by hot rails, i.e., inhaling through the nose through
a heated glass tube. The strongest action is achieved
by inhaling (insufflating) through the nose, whilst in-
haling vapours results in weaker and shorter effects.
The threshold doses of N-ethylhexedrone described on
internet forums by users are in the range of 10-20 mg;
low doses: 30-40 mg; typical doses: 50-60 mg; high
doses: 70-90 mg; and very high doses are described at
the level of 100—150 mg, and even 250 mg. Psycho-
tropic effects are short-lived, which makes repetition
of doses — about every 1-3 hours — very popular, lead-
ing to administration of up to 350 mg in the course
of one session. The effect of N-ethylhexedrone begins
just 2 minutes after intranasal administration, and the
strongest effects are observed after about 20-25 min,
last up to 2—3 hours, and finish after about 4-8 hours.
After oral administration, action of the drug begins
after about 20-25 min, and the strongest effects are
observed after about 50-60 minutes. N-ethylhexe-
drone is sometimes combined with other NPS (https://
hyperreal.info). This substance primarily acts on do-
pamine receptors, and the effects that it engenders are
sometimes compared by users to those occurring after
cocaine. The effect is most similar to, but somewhat
weaker than that induced by a-PVP, but stronger than
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that engendered by pentedrone, MDPHP (3,4-methy-
lenedioxy-a-pyrrolidinohexanophenone), hexedrone
and N-ethylbuphedrone (NEB). The effects mentioned
below are taken from online forums and it should be
borne in mind that NPS sellers and users cannot al-
ways be certain as to the type of substances that are
being sold and consumed. For example, 4-fluoropent-
edrone (4-FPD) was present in some preparations sold
in Poland and labelled as HEX-EN (https://sin.org.pl).
The effects caused by N-ethylhexedrone — described
by users on internet forums — include the following:
euphoria, stimulation, empathy and enhanced sense
of well-being; these are especially intense for the first
half hour. There is also increased talkativeness, socia-
bility, insomnia, increased creativity, increased libido,
increased concentration, thought acceleration, senso-
ry enhancement and altered perception of music. The
eyeballs are vitreous (glassy), and the pupils may be
slightly dilated. The negative effects include paranoia,
trembling hands, convulsions, chest pains, tachycar-
dia, dysrhythmia, fluctuations in blood pressure, el-
evated (blood) pressure, hypopnea (overly shallow
breathing), limb numbness, circulatory problems in
the extremities, vasoconstriction, elevated tempera-
ture, sweating, dry mouth, lack of appetite, visual
disturbances, involuntary mouth movements, bruxism
(teeth grinding) and problems with expressing oneself.
These effects occur more frequently after large dos-
es (above 150-200 mg). The effects that occur during
the so-called “comedown” are described as unpleas-
ant, and usually include strong feelings of fatigue and
discouragement, dejection, depressive states, anxiety,
irritability, insomnia, delusions, auditory and visual
hallucinations. These effects persist for up to about 12
hours after the last dose. In order to get rid of these
symptoms, users often take benzodiazepine deriva-
tives, e.g., etizolam, which is not legally controlled
(https://hyperreal.info).

The purpose of this paper is to present methods of
detection and determination of N-ethylhexedrone in
blood and to present cases in which the presence of
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Fig. 1. Chemical structure of N-ethylhexedrone (a), hexedrone (b), a-PHP (c) and pentedrone (d).
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this substance in the blood of drivers has been demon-
strated.

2. Case descriptions
2.1. Case 1

A 25-year-old man driving a car did not stop for
aroad check. After a brief chase, he was stopped. This
took place at about 4:50 p.m. Police officers noticed
unnatural behaviour on the part of the driver, who was
stimulated, cheerful and had blurred speech. A breath-
alyser test for alcohol was negative. The driver admit-
ted to having taken mephedrone. As a result of search-
ing the car, two ziplock bags containing white powder
were revealed. Blood specimens were collected for
analysis from the driver at 5:10 p.m. due to suspicion
of driving under the influence of intoxicating drugs.
The medical doctor collecting the blood did not note
down anything unusual in the blood collection record
(clear speech, steady gait, normal pupils, and normal
pupillary reaction to light; Romberg’s test and fin-
ger-nose test negative).

2.2. Case?2

A 27-year-old man was involved in a road acci-
dent. The man died as a result of injuries.

2.3. Case3

An 18-year-old man was suspected of driving a ve-
hicle under the influence of intoxicating substances.

3. Methods
3.1. Materials and reagents

N-ethylhexedrone was purchased from Cayman
Chemical Company, and MDMA-D, from LGC
Standards (Dziekanéw Leény, Poland). Acetonitrile,
n-butyl chloride and formic acid (98-100%) were
purchased from Merck (Warsaw, Poland), and hydro-
chloric acid (35-39%) from POCH S.A. (Gliwice,
Poland), whereas ammonium formate was purchased
from Sigma-Aldrich (Poznan, Poland).

Analyte-free blood used for developing and vali-
dating the method originated from a blood donation
station. Screening of this blood did not reveal the pres-
ence of drugs, including N-ethylhexedrone and other
NPS encompassed by the applied analytical procedure.

The biological material was stored at a temperature of
-20°C up to the time of analysis.

3.2. Screening Analyses

3.2.1. Routine screening analysis by the ELISA
method

Blood was tested for the presence of narcotic
drugs and psychotropic substances from the following
groups: amphetamines, benzodiazepines, cannabinols,
opioids and cocaine. These tests were performed by an
enzyme-linked immunosorbent assay (ELISA) using
Neogen tests.

3.2.2. Blood analyses for the presence of NPS by
the LC-QqQ-MS method

Screening for a broad group of NPS was carried
out by the previously published LC-QqQ-MS method
(Adamowicz, Tokarczyk, 2016).

3.2.3. Screening by the LC-QTOF-MS method

Blood analysis was also performed by the method
of liquid chromatography-hybrid quadrupole time-
of-flight mass spectrometry (LC-QTOF-MS) using
a 1200 series chromatograph and 6520 Accurate-Mass
QTOFMS (detector) by Agilent Technologies (Santa
Clara, CA). Separation was carried out on an Ascentis
Express C18 column (7.5 cm x 2.1 mm; 2.7 pm) by Su-
pelco thermostatically controlled at 35°C. The mobile
phase flowing through the column in a phase composi-
tion gradient system at a rate of 0.3 ml/min was a mix-
ture of 0.1% formic acid in water (A, v/v) and acetoni-
trile (B, v/v). The following gradient programme was
used (in relation to component B): 0 min — 5%, 11 min
—33%, 15 min — 37%, 15.2 min — 5%, 21 min — 5%.
The ionisation method applied was electrospray ioni-
sation with positive ion monitoring. Nitrogen at a tem-
perature of 300°C and a flow rate of 10 [/min was used
as a drying gas and as a nebulizing gas at 45 psi. The
capillary voltage was 3000 V, and that of the skimmer
65 V. The quadrupole worked in two modes: MS and
MS/MS with a tolerance of the m/z value of the se-
lected ion of Am/z = 1.3. The fragmentor voltage was
100 V, and the collision energy — 15 eV. In order to
minimize the mass determination error, in the course
of analysis, spectra were automatically corrected by
measurement of a reference mixture containing two
compounds: purine ((M+H]" = 121.0509 Da) and HP-
921 — hexakis(1H,1H,3H-tetrafluoropropoxy)phosp-
hazine ((M+H]* = 922.0098 Da). Data acquisition and
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analysis were carried out using MassHunter software
from Agilent Technologies (version B.06.00).

3.3. Determination of N-ethylhexedrone by LC-
LIT-MS

3.3.1. Preparation of samples for analyses

MDMA-D, was added as an internal standard (IS)
to samples of blood (0.2 ml) in Eppendorf vials, in
order to obtain a concentration of 100 ng/ml. Then,
200 pl 0.5 M carbonate buffer (pH 12) and 1 ml n-bu-
tyl chloride were added. The samples were shaken for
30 s, and then centrifuged for 5 min at 13 000 rpm
(15.682 x g), and then the organic phase (800 pl) was
transferred to successive Eppendorf vials. After add-
ing 100 pl 0.025 M HCI to these vials, the organic
phase was evaporated at a temperature of 37°C (for
10-15 min). The water phase remaining in the vials
was mixed on a vortex (about 10 s), and then trans-
ferred to inserts for autosampler vials.

3.3.2. Apparatus and conditions of analysis

Determinations were carried out by the liquid chro-
matography-quadrupole linear ion trap mass spectrom-
etry method (LC-LIT-MS) using an Eksigent UltralLC
110 liquid chromatograph coupled with a SCIEX 3200
QTRAP mass spectrometer. The instrument worked
in positive ionisation mode (+ESI) using conditional
data acquisition (MRM + EPI; Enhanced Product Ion).
Chromatographic separation was carried out on a Ki-
netex 2.6 um C18 column (100 x 4.6 mm) produced
by Phenomenex. The mobile phase, flowing through
the column at a rate of 0.5 ml/min, was a solution of
ammonium formate (1%, v/v) in water (phase A) and
a mixture of methanol : acetonitrile (1:1, phase B). The
following gradient programme was used (in relation to
phase B content): 0 min — 2%, 1 min — 2%, 10 min —
100%, 13 min — 100%, 13.06 min — 2%, 17 min — 2%.
The total time of analysis was 17 minutes. N-ethyl-
hexedrone retention time was 10.3 min (relative reten-
tion time 1.27). Selected fragmentation reactions were
monitored (MRM), which were applied in quantitative
analysis (underlined) and as confirmatory ions (m/z):
220.3—91.2 (at collision energy 33 V), 220.3—130.2
(37 V), 220.3—146.3 (23 V) and 220.3—202.4
(19 V), for N-ethylhexedrone and 199—165 (20 V)
for MDMA-D,. MRM transitions of N-ethylhexe-
drone were recorded with the following parameters:
DP (declustering potential): 36 V, EP (entrance poten-
tial): 7.5 V, whilst for MDMA-D, these values were
40V and 10V, respectively. The remaining parameters

of the mass detector operating in MRM mode were as
follows: source temperature: 650°C, source voltage:
5000 V, spray gas pressure: GS1 — 40 psi and GS2 —
70 psi, curtain gas pressure: 50 psi. The parameters
of the mass detector working in ion trap mode were
as follows: curtain gas pressure: 50 psi, DP 40 V, EP
10 V, CE (collision energy) 25 £10 V. The range of
recorded masses was 50—400 (m/z). Data collection
and their qualitative analysis were carried out with the
help of SCIEX Analyst 1.6.2 software. Quantitative
analysis was performed using SCIEX MultiQuant™
3.0 software. The developed method was linear in
the tested range (5-200 ng/ml), and the determina-
tion coefficients R? defined for the calibration curves
drawn up for all MRM transitions were in the range
0.9977-0.9997. Limits of detection (LOD) for partic-
ular MRM pairs were 0.08-0.15 ng/ml, and the limit
of quantitation (LOQ) was 5 ng/ml.

4. Results

As a result of analyses of the studied blood sam-
ples carried out by the enzyme-linked immunosorbent
assay (ELISA), positive readings were obtained for
derivatives of amphetamine (or methamphetamine)
in all three studied cases, but targeted analyses car-
ried out by liquid chromatography coupled with mass
spectrometry (LC-MS) did not reveal the presence of
amphetamine and its popular derivatives (including
methamphetamine and MDMA).

Screening of the driver’s blood from Case 1 tar-
geted towards NPS by a previously published meth-
od (Adamowicz, Tokarczyk, 2016) did not reveal the
presence of compounds encompassed by the applied
procedure. However, as a result of these analyses, the
presence of a substance was revealed, which was iden-
tified with the help of LC-QTOF-MS. This method is
characterised by high accuracy of mass determination
(Am), of the order of 2—5 ppm, depending on the mode
of operation of the spectrometer. Thanks to readings
taken in the MS mode at low fragmentor voltage,
a protonated molecule (ion [M+H]") with an m/z value
0f 220.1695 was observed on the spectrum. The mass
of the studied compound was determined on this basis,
1.e., 219.1622. This value is consistent with the mo-
lecular mass of N-ethylhexedrone, which is 219.1623
(Am = -0.5). The presence of N-ethylhexedrone was
confirmed by analysis of a standard of this substance.
Moreover, measurements were performed in MS
mode at higher fragmentor voltage and in MS/MS
mode using collision energy, during which it was con-
firmed that the way of fragmentation of the compound
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in the studied sample was consistent with the way of
fragmentation of N-ethylhexedrone. Blood analyses in
Cases 2 and 3 were conducted after subjecting N-eth-
ylhexedrone to screening method, and so its presence
was demonstrated by the LC-QqQ-MS method.

Quantitative analyses of N-ethylhexedrone in
blood were conducted by the LC-LIT-MS method, and
the obtained results have been presented in Table 1.
A chromatogram and mass spectrum of N-ethylhexe-
drone obtained by the LC-LIT-MS method in one of
the discussed cases has been presented in Fig. 2.

Table 1
Concentrations of N-ethylhexedrone and other drugs
in blood determined in the described cases

5. Discussion

N-ethylhexedrone is a new psychoactive substance
present on the Polish drug market. At the beginning of
2017, the first cases of detection of this substance in
biological material were noted at the Institute of Fo-
rensic Research. This compound was present in blood
samples taken from vehicle drivers, including one who
died in a road accident.

Identification of cathinones, due to their structural
similarity, is rather problematic. Correct identification
of a compound present in evidential material is ex-
tremely important, especially in the light of possible
penalisation. The identification of mephedrone and its
isomers can serve as an example (Zuba, Adamowicz,
2017). Nor is it a trivial matter in the case of N-ethyl-

Compound Concentration [ng/mL] hexedrone. This substance can easily be confused
Case ]  N-ethylhexedrone 34 with its isomer, i.e., N-ethyl-4’-methylnorpentedrone
Case2  N-cthylhexedrone 37 (4-MEAP), .espemally.m cases yvhere both substances

: are present in the studied material.

3-fluorophenmetrazine 9 o . .

The presence of metabolites in the analysed biolog-
Case3  N-ethylhexedrone 8 ical material which may be easily confused with other
A’-tetrahydrocannabinol 1.6 compounds of a similar structure may constitute an ad-
11-Nor-A®-carboxy- 8.7 ditional problem that hinders identification. Assuming
tetrahydrocannabinol that N-ethylhexedrone is metabolized in a similar way
10 F
RT _=8.1 min RT,,=10.3 min
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Fig. 2. MRM chromatograms of N-ethylhexedrone (NEH) and IS (MDMA-D;), and mass spectra of N-ethylhexedrone in one of

the analysed blood samples obtained by the LC-LIT-MS method.
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to other cathinones (Helfer et al., 2015; Lewin, Seltz-
man, Carroll, Mascarella, Reddy, 2014), i.e., through
N-dealkylation and/or reduction of the carbonyl group
followed by N-dealkylation (Fig. 3), it can be predict-
ed that some of its metabolites will be isomers of other
cathinones present on the drug market. For example,
the product of N-dealkylation of N-ethylhexedrone is
an isomer of such compounds as: pentedrone, 4-eth-
ylmethcathinone (4-EMC), 3-ethylmethcathinone
(3-EMC), 3,4-dimethylmethcathinone (3,4-DMMC),
NEB, or 4-methylbuphedrone (4-MeMABP).

That is another reason why the application of sev-
eral analytical techniques (LC-QTOF-MS, LC-LIT-
MS, LC-QqQ-MS, and GC-MS) as well as incisive
analysis of mass spectra is advisable in the analytical
process.

To date, no papers have been published discussing
the concentration of N-ethylhexedrone in biological
material. The concentrations of N-ethylhexedrone de-
termined in blood samples originating from the three
discussed cases were in the range from 8 to 37 ng/ml.
The obtained results can be compared to concentra-
tions of o-PVP and pentedrone. The concentrations
of a-PVP and pentedrone in blood were in the ranges
of 6.4-99 ng/ml and <1-216 ng/ml, respectively. The
average concentrations of these compounds revealed
in 28 and 7 drivers were 38.3 ng/ml and 36.0 ng/ml,
respectively. In drivers who had taken a-PVP in whom
effects were observed that could be a threat to safe ve-
hicle driving concentrations of this compound were in
the range 8.2—68 ng/ml (Adamowicz et al., 2016; Ada-
mowicz et al., 2016).

6. Conclusions

Three cases have been presented in the article in
which the presence of N-ethylhexedrone was demon-
strated in the blood of drivers. The developed LC-LIT-
MS method for the determination of N-ethylhexe-
drone was succesfully applied in analyses. The con-

OH H OH
N~ NH,

Fig. 3. Proposed structures of N-ethylhexedrone metabolites.

centrations revealed in the blood samples were in the
range of 8 to 37 ng/ml. In spite of a lack of clear-cut
symptoms in the subjects, the presented cases and the
effects engendered by N-ethylhexedrone described by
users suggest that driving after taking this substance
may potentially be a threat to road traffic safety.
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OZNACZANIE N-ETYLOHEKSEDRONU, NOWEJ POCHODNEJ
KATYNONU, WE KRWI POBRANEJ OD KIEROWCOW —ANALIZA

TRZECH PRZYPADKOW

1. Wprowadzenie

N-etyloheksedron (2-(etyloamino)-1-fenyloheksan-
1-on; a-etyloaminoheksanofenon) jest syntetycznym
katynonem, pochodna heksedronu, w ktoérej grupa me-
tylowa przy atomie azotu jest zastgpiona grupa etylowa
(rysunek 1). Strukturalnie jest zblizony do pentedronu
i a-pirolidynoheksofenonu (a-PHP), od ktérego rdzni
sie¢ podstawieniem grupy pirolidynowej grupg N-etylo-
wa. Przez uzytkownikow jest okreslany najczgsciej jako
HEX-EN oraz Ethyl-Hex, NEH, Henio i Henryk. N-ety-
loheksedron zostat po raz pierwszy opisany w 1964 roku
wraz z innymi pochodnymi aminoketonu w patencie fir-
my Boehringer Ingelheim (Patent: GB1069797, 1964).
Substancja ta pojawila si¢ w Europie w pazdzierniku
2015 roku i byla czesto wykrywana w kolejnym roku
(EMCDDA). Jej obecnos¢ w Polsce byta prawdopodob-
nie odpowiedzig na nowelizacj¢ Ustawy z dnia 29 lipca
2005 roku o przeciwdziataniu narkomanii (Dz.U. 2005
Nr 179 poz. 1485, z pdzn. zm.), ktora weszta w Zycie
1 lipca 2015 roku. Wtedy to na listach substancji kontro-
lowanych pojawito si¢ kolejnych 114 nowych substancji
psychoaktywnych (NSP), a wérdd nich popularne katy-
nony — a-PVP i pentedron, a takze heksedron. NSP objete
kontrolg prawng sa natychmiast zastgpowane przez ich
nowe, niekontrolowane pochodne i zapewne dlatego na
rynek trafit N-etyloheksedron, ktory w ostatnim czasie
zdobyt w Polsce duzg popularnosé¢. Zwiazek ten obecnie
znajduje si¢ na liScie substancji kontrolowanych na We-
grzech, a w Danii i na Litwie obejmuje go prawo gene-
ryczne (EMCDDA).

N-etyloheksedron jest sprzedawany jako tzw. rese-
arch chemicals w formie biatego, szarego lub zodttego
proszku (lepkiego pudru) lub bardzo drobnych krysztal-
kow (igietek). Jest bezwonny lub o charakterystycznym,
nieprzyjemnym zapachu, bez smaku lub przeciwnie
— o nieprzyjemnym, chemicznym i gorzkim posmaku.
Substancja ta jest najcze$ciej weiagana przez nos (tzw.
sniff) lub wdychana (tzw. waporyzacja). Moze by¢ takze
przyjmowana doustnie, doodbytniczo, dozylnie, palona
w formie tzw. maczanki lub e-papierosa. Innym sposo-
bem przyjmowania jest tzw. hot rails, czyli wciaganie
przez nos poprzez podgrzana szklang rurke. Najsilniej-
sze dzialanie jest uzyskiwane poprzez wcigganie przez
nos, wdychanie oparow skutkuje slabszymi i krotszy-
mi efektami. Dawki progowe N-etyloheksedronu opi-
sywane na forach internetowych przez uzytkownikow
zawieraja si¢ w zakresach 10-20 mg, niskie 30—40 mg,
typowe 50-60 mg, wysokie 70-90 mg, a bardzo wyso-

kie sa okreslane na poziomie 100-150 mg, a nawet 250
mg. Efekty psychotropowe sa krotkotrwate, co sprawia,
ze powtarzanie dawek co okoto 1-3 godziny jest bardzo
popularne i prowadzi do przyjecia do 350 mg w ciagu
jednej sesji. Dziatanie N-etyloheksedronu rozpoczyna
si¢ juz po 2 minutach od przyje¢cia donosowego, naj-
silniejsze efekty obserwowane sg po okolo 20-25 min,
trwaja do 2-3 godzin, a koncza si¢ po okoto 4-8 godzi-
nach. Po przyjeciu doustnym dziatanie rozpoczyna si¢ po
okoto 20-25 min, a najsilniejsze efekty sa obserwowane
po okoto 50-60 minutach. N-etyloheksedron bywa 1a-
czony z innymi NSP (https://hyperreal.info). Substancja
ta dziata gtownie na receptory dopaminowe, a efekty,
ktore wywoluje, bywaja przez uzytkownikow porow-
nywane do tych wystepujacych po kokainie. Dziatanie
jest najbardziej zblizone, ale nieco stabsze niz wywo-
lywane przez a-PVP oraz mocniejsze niz wywolywane
przez pentedron, MDPHP (3,4-metylenodioksy-a-piroli-
dynoheksofenon), heksedron i N-etylobufedron (NEB).
Ponizej przytoczone efekty sa zaczerpnigte z forow in-
ternetowych i nalezy mie¢ na uwadze, ze sprzedawcy
i uzytkownicy NSP nie zawsze moga by¢ pewni co do
rodzaju sprzedawanych i przyjmowanych substancji. Dla
przyktadu — w niektorych preparatach sprzedawanych
w Polsce i oznaczanych jako HEX-EN obecny byt 4-flu-
oropentedron (4-FPD) (https.//sin.org.pl). Do efektow
wywolywanych przez N-etyloheksedron, opisywanych
przez uzytkownikow na forach internetowych, nalezy za-
liczy¢ euforie, pobudzenie, empati¢ i poprawe samopo-
czucia, ktére s3 szczegoblnie intensywne przez pierwsze
pot godziny. Wystepuja takze wzmozona gadatliwose,
towarzysko$¢, bezsennos¢, podwyzszona kreatywnosc,
podwyzszone libido, zwigckszona koncentracja, potok
mysli, wyczulenie zmystow i odmienna percepcja muzy-
ki. Gatki oczne sg szkliste, a zrenice moga by¢ delikat-
nie powigkszone. Do negatywnych efektéw nalezg m.in.
paranoje, drzenia rak, drgawki, bole w klatce piersiowej,
tachykardia, dysrytmia, wahania cisnienia, podwyzszone
ci$nienie, sptycenie oddechu, dre¢twienie konczyn, pro-
blemy krazeniowe w konczynach, wazokonstrykcja, pod-
wyzszona temperatura, pocenie si¢, sucho$¢ w ustach,
brak taknienia, zaburzenia widzenia, mimowolne ruchy
ust, bruksizm i problemy z wystawianiem si¢. Dziatania
te czesciej wystepuja po duzych dawkach (powyzej 150—
200 mg). Efekty, ktore wystepuja podczas tzw. ,,zejscia”,
sa okreslane jako nieprzyjemne i zazwyczaj obejmuja
silne uczucie zmeczenia, zniechecenia, przygnebienie,
stany depresyjne, lgki, drazliwos¢, bezsenno$¢, urojenia,
omamy stuchowe i halucynacje. Objawy te utrzymuja si¢



Oznaczanie N-etyloheksedronu, nowej pochodnej katynonu, we krwi pobranej od kierowcow — analiza trzech przypadkow 61

do okoto 12 godzin od ostatniej dawki. W celu zniesienia
tych objawow uzytkownicy cze¢sto przyjmuja pochodne
benzodiazepiny, np. niekontrolowany etizolam (https://
hyperreal.info).

Celem niniejszej pracy bylto zaprezentowanie metod
wykrywania i oznaczania N-etyloheksedronu we krwi
oraz przedstawienie przypadkéw, w ktérym wykazano
obecno$¢ tej substancji we krwi kierowcow.

2. Opisy przypadkow
2.1. Przypadek 1

25-letni mezczyzna kierujacy samochodem nie za-
trzymat si¢ do kontroli drogowej. Po krotkim poscigu zo-
stat zatrzymany. Mialo to miejsce okoto godziny 16.50.
Policjanci zauwazyli nienaturalne zachowanie kierujace-
g0, ktory byt pobudzony i wesoly, mial takze niewyrazng
mowe. Badanie powietrza wydychanego w kierunku al-
koholu etylowego dato wynik ujemny. Kierujacy przy-
znal si¢ do przyjecia mefedronu. W wyniku przeszukania
samochodu ujawniono dwa woreczki foliowe z zapig-
ciem strunowym zawierajace bialy proszek. W zwiaz-
ku z podejrzeniem prowadzenia pojazdu pod wptywem
srodkow odurzajacych od kierowcy pobrano krew do
badan o godz. 17.10. Lekarz pobierajacy krew nie zano-
towal w protokole pobrania krwi zadnych odstepstw od
normy (mowa wyrazna, choéd pewny, zrenice normalne,
reakcja zrenic na $wiatlo prawidlowa, objaw Romberga
i proba palec-nos ujemne).

2.2. Przypadek 2

27-letni mezczyzna uczestniczyt w wypadku dro-
gowym. W wyniku poniesionych obrazen me¢zczyzna
zmar}.

2.3. Przypadek 3

18-letni me¢zczyzna podejrzany o prowadzenie pojaz-
du pod wptywem $rodkéw odurzajacych.

3. Metody
3.1. Materialy i odczynniki

N-etyloheksedron pochodzit z firmy Cayman Che-
mical Company, a MDMA-D, z firmy LGC Standards
(Dziekanow Lesny, Polska). Acetonitryl, chlorek n-bu-
tylu i kwas mrowkowy (98-100%) zakupiono w firmie
Merck (Warszawa, Polska), kwas solny (35-39%) w fir-
mie POCH S.A. (Gliwice, Polska), natomiast mrowczan
amonu w firmie Sigma-Aldrich (Poznan, Polska).

Probki krwi wolnej od analitow stosowane do opra-
cowania i walidacji metody pochodzity ze stacji krwio-
dawstwa. Badania przesiewowe tej krwi nie ujawnity
obecno$ci $rodkow odurzajacych, w tym N-etylohek-
sedronu i innych NSP objetych zastosowang procedurg
analityczng. Material biologiczny do czasu analizy byt
przechowywany w temperaturze -20°C.

3.2. Analizy przesiewowe

3.2.1. Rutynowa analiza przesiewowa metoda
ELISA

Krew badano na obecno$¢ srodkéow odurzajacych
i substancji psychotropowych z grup amfetamin, ben-
zodiazepin, kannabinoli, opioidow i kokainy. Powyzsze
badania wykonano metodg immunoenzymosorpcyjng
(ELISA) z zastosowaniem testow firmy Neogen.

3.2.2. Badanie krwi na obecno$¢ NSP metoda LC-
QqQ-MS

Badania przesiewowe w kierunku szerokiej grupy
NSP prowadzono wczesniej opublikowana metoda (Ada-
mowicz, Tokarczyk, 2016).

3.2.3. Badania przesiewowe metodg LC-QTOF-MS

Analize krwi prowadzono takze metoda chromato-
grafii cieczowej sprzezonej ze spektrometria mas z po-
faczeniem hybrydowym kwadrupola i analizatora czasu
przelotu (LC-QTOF-MS) z uzyciem aparatu serii 1200
(chromatograf) oraz 6520 Accurate-Mass QTOFMS (de-
tektor) firmy Agilent Technologies (Santa Clara, CA).
Rozdzial prowadzono na kolumnie Ascentis Express C18
(7,5 cm x 2,1 mm; 2,7 pm) firmy Supelco termostatowa-
nej w temperaturze 35°C. Fazg¢ ruchoma, przeptywajaca
przez kolumne w systemie gradientu sktadu fazy z szyb-
ko$cig 0,3 ml/min, stanowita mieszanina 0,1% kwasu
mrowkowego w wodzie (A, v/v) i acetonitrylu (B, v/v).
Uzyto nast¢pujacego programu gradientowego (w odnie-
sieniu do sktadnika B): 0 min— 5%, 11 min—33%, 15 min
—37%, 15,2 min — 5%, 21 min — 5%. Zastosowang me-
toda jonizacji byto elektrorozpylanie z monitorowaniem
dodatnich jonoéw. Azot o temperaturze 300°C i natgze-
niu przeptywu 10 1/min zostat uzyty jako gaz osuszajacy
oraz jako gaz nebulizujacy o ci$nieniu 45 psi. Napigcie
kapilary wynosito 3000 V, a skimmera 65 V. Kwadrupol
pracowal w dwoch trybach: MS oraz MS/MS z toleran-
cja wartosci m/z wybranego jonu Am/z = 1,3. Napigcie
fragmentora wynosito 100 V, a energia kolizji — 15 eV.
W celu zminimalizowania btedu wyznaczenia masy
w trakcie analizy widma byly automatycznie korygowa-
ne przez pomiar mieszaniny referencyjnej zawierajacej
dwa zwigzki: puryne ((M+H]* = 121,0509 Da) oraz HP-
921 — heksakis(1H,1H,3H-tetrafluoropropoksy)fosfazen
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(IM+H]* = 922,0098 Da). Zbieranie i analiz¢ danych
prowadzono za pomoca oprogramowania MassHunter
firmy Agilent Technologies (wersja B.06.00).

3.3. Oznaczanie N-etyloheksedronu metodg LC-LIT-
MS

3.3.1. Przygotowanie probek do badan

Do probek krwi (0,2 ml) umieszczonych we fiolkach
Eppendorfa dodawano jako wzorzec wewnetrzny (IS)
MDMA-D,, aby osiggna¢ stezenie 100 ng/ml. Nastepnie
dodawano 200 pl 0,5 M buforu weglanowego (pH 12)
oraz 1 ml chlorku n-butylu. Proby wytrzasano przez 30 s,
a nastepnie wirowano przez 5 min przy 13 000 obr./min
(15,682 x g), po czym faze¢ organiczng (800 ul) przeno-
szono do kolejnych fiolek Eppendorfa. Po dodaniu do
tych fiolek po 100 ul 0,025 M HCI fazg organiczng odpa-
rowywano w temperaturze 37°C (przez 10—15 min). Po-
zostatg we fiolkach faz¢ wodng mieszano na wstrzasarce
(okoto 10 s), a nastgpnie przenoszono do wktadek fiolek
do automatycznego podajnika probek.

3.3.2. Aparatura i warunki analizy

Do oznaczen metoda wysokosprawnej chromatogra-
fii cieczowej polaczonej ze spektrometrig mas z anali-
zatorem w postaci kwadrupola sprzezonego z liniowa
putapka jonowa (LC-LIT-MS) zastosowano chroma-
tograf cieczowy Eksigent UltraLC 110 polaczony ze
spektrometrem mas 3200 QTRAP firmy SCIEX. Aparat
pracowal w trybie jonizacji dodatniej (+ESI) z zastoso-
waniem warunkowej akwizycji danych (MRM + EPI;
Enhanced Product Ion). Rozdzielanie chromatograficzne
prowadzono na kolumnie Kinetex 2,6 pm C18 (100 x
4,6 mm) firmy Phenomenex. Faz¢ ruchoma, przeptywa-
jaca przez kolumne z szybko$cig 0,5 ml/min, stanowit
roztwor mréwczanu amonu (1%, v/v) w wodzie (faza A)
oraz mieszanina metanol : acetonitryl (1:1, faza B). Za-
stosowano nastepujacy program gradientowy (w odnie-
sieniu do zawartosci fazy B): 0 min — 2%, 1 min — 2%,
10 min — 100%, 13 min — 100%, 13,06 min — 2%, 17 min
— 2%. Catkowity czas analizy wynosil 17 minut. Czas
retencji N-etylohehsedronu wynosit 10,3 min (wzgledny
czas retencji 1,27). Monitorowano wybrane reakcje frag-
mentacji (MRM), ktére stosowano w analizie iloscio-
wej (podkreslone) oraz jako jony potwierdzajace (m/z):
220,3—91,2 (przy energii kolizji 33 V), 220,3—130,2
(37 V), 220,3—146,3 (23 V) 1 220.3—202.4 (19 V), dla
N-etyloheksedronu oraz 199—165 (20 V) dla MDMA
-D.. Przejscia MRM N-etyloheksedronu zarejestrowano
przy nastepujacych parametrach: DP (potencjat rozpro-
szenia): 36 V, EP (potencjat wejscia): 7,5 V, natomiast
dla MDMA-D, wartosci te wynosity odpowiednio: 40 V
oraz 10 V. Pozostate parametry detektora mas pracujace-
go w trybie MRM byly nastepujace: temperatura zrodta:

650°C, napiecie w zrodle: 5000 V, cisnienie gazu rozpy-
lajacego: GS1 — 40 psi oraz GS2 — 70 psi, ciSnienie gazu
kurtynowego: 50 psi. Parametry detektora mas pracuja-
cego w trybie putapki jonowej przedstawialy si¢ naste-
pujaco: cisnienie gazu kurtynowego: 50 psi, DP 40 V, EP
10 V, CE (energia kolizji) 25 +£10 V. Zakres rejestrowa-
nych mas wynosit 50-400 (m/z). Zbieranie danych i ich
analiz¢ jakoSciowa prowadzono za pomocg oprogramo-
wania Analyst 1.6.2 firmy SCIEX. Analiz¢ ilo$ciowa
przeprowadzono za pomocg programu MultiQuant™
3.0 firmy SCIEX. Opracowana metoda byta liniowa
w testowanym zakresie (5-200 ng/ml), a wspotczynniki
determinacji R? okreslone dla krzywych kalibracyjnych
sporzadzonych dla wszystkich przejs¢ MRM miescity si¢
w zakresie 0,9977-0,9997. Granice detekcji (LOD) dla
poszczegodlnych par MRM wynosily 0,08-0,15 ng/ml,
a granica oznaczalno$ci (LOQ) byta rowna 5 ng/ml.

4. Wyniki

W wyniku analiz badanych préb krwi przeprowa-
dzonych metoda immunoenzymosorpcyjng (ELISA)
uzyskano we wszystkich trzech rozpatrywanych przy-
padkach dodatnie odczyty dla pochodnych amfetaminy
(lub metamfetaminy), jednakze analizy ukierunkowane
przeprowadzone metodg chromatografii cieczowej pola-
czonej ze spektrometrig mas (LC-MS) nie ujawnity obec-
nosci amfetaminy i jej popularnych pochodnych (w tym
metamfetaminy i MDMA).

Badania przesiewowe krwi kierowcy opisanego jako
Przypadek 1 prowadzone w kierunku NSP wczesniej
opublikowang metoda (Adamowicz, Tokarczyk, 2016)
nie ujawnily obecnosci zwigzkoéw objetych zastosowa-
ng procedurg. W wyniku tych analiz wykazano jednak
obecnos¢ substancji, ktora udato si¢ zidentyfikowac za
pomoca metody LC-QTOF-MS. Metoda ta charakte-
ryzuje si¢ duza doktadno$cia wyznaczenia masy (Am),
rz¢du 2—5 ppm, w zaleznosci od trybu pracy spektrome-
tru. Dzigki pomiarom prowadzonym w trybie MS przy
niskim napieciu fragmentora zaobserwowano na widmie
protonowang czgsteczke (jon [M+H]") o wartos$ci m/z
wynoszacej 220,1695. Na tej podstawie wyznaczono
mas¢ badanego zwiazku, tj. 219,1622. Warto$¢ ta jest
zgodna z masg czasteczkowa N-etyloheksedronu, wyno-
szacg 219,1623 (Am = -0,5). Obecnos¢ N-etyloheksedro-
nu potwierdzono poprzez analiz¢ wzorca tej substancji.
Ponadto przeprowadzono pomiary w trybie MS przy
wyzszym napigciu fragmentora oraz w trybie MS/MS
w uzyciem energii kolizji, podczas ktorych potwierdzo-
no, ze sposoéb fragmentacji zwigzku w badanej probce
byt zgodny ze sposobem fragmentacji N-etyloheksedro-
nu. Badania krwi, ktére odnosity si¢ do przypadkow nr
2 i 3 przebiegaly juz po wprowadzeniu tego zwiazku do
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metody przesiewowej, dlatego tez jego obecnos$¢ wyka-
zano metodg LC-QqQ-MS.

Badania ilosciowe N-etyloheksedronu we krwi pro-
wadzono metodg LC-LIT-MS, a uzyskane wyniki przed-
stawiono w Tabeli I. Na rysunku 2 przedstawiono chro-
matogram i widmo mas N-etyloheksedronu uzyskane
metoda LC-LIT-MS w jednym z omawianych przypad-
kow.

5. Dyskusja

N-etyloheksedron jest nowa substancja psychoak-
tywna obecng na polskim rynku narkotykowym. Na po-
czatku 2017 roku odnotowano w Instytucie Ekspertyz
Sadowych pierwsze przypadki wykrycia tej substan-
cji w materiale biologicznym. Zwiazek ten byt obecny
w probach krwi pobranych od kierowcow prowadzacych
pojazdy, w tym jednego, ktory ponidst smieré¢ w wypad-
ku drogowym.

Identyfikacja katynonow ze wzgledu na ich podo-
bienstwo strukturalne niesie ze soba spore trudnosci.
Poprawna identyfikacja zwigzku obecnego w materia-
le dowodowym jest nader istotna, zwlaszcza w $wietle
ewentualnej penalizacji. Jako przyklad moze postuzy¢
problem identyfikacji mefedronu i jego izomerow (Zuba,
Adamowicz, 2017). Rowniez w przypadku N-etylohek-
sedronu nie jest to sprawa trywialna. Substancja ta moze
by¢ latwo pomylona ze swoim izomerem, czyli N-ety-
lo-4’-metylonorpentedronem  (4-MEAP), zwtlaszcza
w przypadku, gdy obie substancje obecne sg w badanym
materiale. Dodatkowy problem utrudniajacy identyfika-
cj¢ moze stanowi¢ obecno$¢ metabolitéw w analizowa-
nym materiale biologicznym — moga one zosta¢ tatwo
pomylone z innymi zwigzkami o podobnej strukturze.
Zaktadajac, ze N-etyloheksedron metabolizuje podobnie
jak inne katynony (Helfer i in., 2015; Lewin, Seltzman,
Carroll, Mascarella i Reddy, 2014), czyli poprzez N-de-
alkilacj¢ 1/lub redukcj¢ grupy karbonylowej, po ktorej
nastepuje N-dealkilacja (rysunek 3), mozna przewidziec,
ze jego niektore metabolity bedg izomerami innych obec-
nych na rynku narkotykowym katynonow. Przyktadowo
— produkt N-dealkilacji N-etyloheksedronu jest izome-
rem takich zwigzkow, jak: pentedron, 4-ctylometkatynon
(4-EMC), 3-etylometkatynon (3-EMC), 3,4-dimetylo-
metkatynon (3,4-DMMC), NEB czy 4-metylobufedron
(4-MeMABP). Z powyzszych wzgledow zatem zastoso-
wanie kilku technik analitycznych (LC-QTOF-MS, LC
-LIT-MS, LC-QqQ-MS, GC-MS) oraz wnikliwa analiza
widm masowych sg niezbedne w procesie analitycznym.

Jak dotychczas nie opublikowano zadnych prac oma-
wiajgcych stezenia N-etyloheksedronu w materiale bio-
logicznym. Wykazane w probkach krwi pochodzacych
z trzech omawianych przypadkow stezenia N-etylohek-
sedronu miescity si¢ w zakresie od 8 do 37 ng/ml. Uzy-

skane wyniki mozna poréwna¢ do stezen a-PVP i pente-
dronu. Stezenia a-PVP i pentedronu we krwi miescily si¢
w zakresach odpowiednio 6,4-99 ng/ml i <1-216 ng/ml.
Srednie stezenia tych zwigzkow wykazane u odpowied-
nio 28 i 7 kierowcoéw wynosity 38,3 ng/ml i 36,0 ng/ml.
U kierowcow po przyjeciu o-PVP, u ktérych zaobserwo-
wano efekty mogace zagraza¢ bezpiecznemu prowadze-
niu pojazdow, stezenia tego zwigzku miescily si¢ w za-
kresie 8,2-68 ng/ml (Adamowicz i in., 2016; Adamowicz
iin., 2016).

6. Whioski

W artykule przedstawiono trzy przypadki, w ktorych
wykazano obecno$¢ N-etyloheksedronu we krwi kie-
rowcow. Opracowana metoda LC-LIT-MS oznaczania
N-etyloheksedronu zostata z powodzeniem zastosowa-
na w przedmiotowej analizie. Wykazane w probkach
krwi st¢zenia mieScity si¢ w zakresie od 8 do 37 ng/ml.
Pomimo braku jednoznacznych objawow u badanych
przedstawione przypadki oraz efekty wywoltywane przez
N-etyloheksedron opisywane przez uzytkownikow suge-
ruja, ze kierowanie pojazdem po przyjeciu tej substancji
moze potencjalnie zagraza¢ bezpieczenstwu ruchu dro-
gowego.
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