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Methylone (3,4-methylenedioxy-N-methylcathinone) is a synthetic cathinone analog
of the recreational drug ecstasy. Although it is marketed to recreational users as
relatively safe, fatalities due to hyperthermia, serotonin syndrome, and multi-organ
system failure have been reported. Since psychopharmacological data remain scarce,
we have focused our research on pharmacokinetics, and on a detailed evaluation of
temporal effects of methylone and its metabolite nor-methylone on behavior and body
temperature in rats. Methylone [5, 10, 20, and 40 mg/kg subcutaneously (s.c.)] and
nor-methylone (10 mg/kg s.c.) were used in adolescent male Wistar rats across three
behavioral/physiological procedures and in two temporal windows from administration
(15 and 60 min) in order to test: locomotor effects in the open field, sensorimotor gating
in the test of prepulse inhibition (PPI), and effects on rectal temperature in individually
and group-housed rats. Serum and brain pharmacokinetics after 10 mg/kg s.c. over
8 h were analyzed using liquid chromatography mass spectrometry. Serum and brain
levels of methylone and nor-methylone peaked at 30 min after administration, both
drugs readily penetrated the brain with serum: brain ratio 1:7.97. Methylone dose-de-
pendently increased overall locomotion. It also decrease the amount of time spent in
the center of open field arena in dose 20 mg/kg and additionally this dose induced
stereotyped circling around the arena walls. The maximum of effects corresponded
to the peak of its brain concentrations. Nor-methylone had approximately the same
behavioral potency. Methylone also has weak potency to disturb PPI. Behavioral
testing was not performed with 40 mg/kg, because it was surprisingly lethal to some
animals. Methylone 10 and 20 mg/kg s.c. induced hyperthermic reaction which was
more pronounced in group-housed condition relative to individually housed rats. To
conclude, methylone increased exploration and/or decreased anxiety in the open field
arena and with nor-methylone had short duration of action with effects typical for mixed
indirect dopamine—serotonin agonists such as 3,4-metyhlenedioxymethamphetamine
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(MDMA) or amphetamine. Given the fact that the toxicity was even higher than
the known for MDMA and that it can cause hyperthermia it possess a threat to users
with the risk for serotonin syndrome especially when used in crowded conditions.

Keywords: methylone, bk-3,4-metyhlenedioxymethamphetamine, nor-methylone, novel psychoactive substances,
cathinones, behavior, pharmacokinetics, metabolites

INTRODUCTION

Methylone (3,4-methylenedioxy-N-methylcathinone, also known
as MDMC, bk-MDMA, M1) belongs to the group of new psycho-
active substances called synthetic cathinones often also termed
as P-keto amphetamines or the new generation of designer
phenethylamines (1). This p-keto analog of 3,4-methylenedioxy-
methamphetamine (MDMA; “ecstasy”) was first synthetized in
1996 as an antidepressant and anti-Parkinsonian agent (2) but was
never used for therapeutic purposes; instead, it gained popularity
as a recreational “legal high” owing to its MDMA-cocaine-like
effects (3). Methylone users describe their subjective experience
as feeling stimulated, with a great need to socialize, spiritual, and
empathic connection. Methylone first appeared in 2004 on the
illicit drug market (in the Netherlands) and quickly became com-
monly available and easily obtainable (4), leading to extensive
abuse worldwide (5). European Monitoring Center for Drugs
and Drug Addiction and Europol have monitored methylone
since 2005 (6) and starting in 2011, methylone was reclassified
as Schedule I under the Controlled Substance Act in the Unites
States (7). In the United Kingdom, methylone has been illegal
since 2010. There have been a number of reports of methylone
toxicity and even fatal overdoses have been registered. The causes
of death include hyperthermia where body temperature elevated
up to 41.7°C as a core symptom of serotonin syndrome, metabolic
acidosis, and multi-organ system failure (8, 9). Even though the
popularity of methylone among users as well as its availability
on the gray/black market is widespread, the relevant scientific
data are still relatively scarce, and there are no published data on
behavioral effects of nor-methylone. Therefore, we investigated
effects of these substances on behavior, pharmacokinetics, and
body temperature.

Methylone only differs from MDMA by the presence of a
ketone at the benzylic position. Based on their structural similar-
ity, and, in turn, similar mechanism of action, comparable effects
on behavior, and neurochemistry could be postulated (10).
In vitro neuropharmacological studies in rat’s brain, synapto-
somes reported methylone as a non-selective inhibitor of the
dopamine, norepinephrine, and serotonin transporters (DAT,
NET, and SERT, respectively). Further, methylone via blocking
re-uptake evokes high-releasing activity of all monoamines
(dopamine, norepinephrine, and serotonin) (10, 11). The ratio of
DAT:SERT inhibition is 3.3 which suggests that methylone has
a high-abuse potential similar to cocaine (DAT:SERT ratio 3.1)
(3, 12) as has been also confirmed in behavioral tests (13, 14).
On the other hand, in discrimination studies, methylone sub-
stituted for MDMA indicating a similar profile (and subjective
effects) to this serotonergic compound (15). Thus far, behavioral
research has shown that methylone increases locomotor activ-
ity, an effect which was inhibited by both dopamine (D2) or

serotonin (5-HT:21) receptor antagonists (16-19). Repeated
administration of methylone, similar to acute effects of other
MDMA-like compounds, induced hyperthermia in rats: an effect
typically mediated by serotonin and typically associated with
acute toxicity of sertonergic drugs (20-22). On the other hand,
simultaneous study of Javadi-Paydar et al. (19) showed no change
in body temperature in rats treated by methylone. Methylone is
the subject of extensive metabolism in the liver at cytochrome
P450 (isoenzymes CYP2D6, CYP1A2, CYP2B6, and CYP2C19)
with major primary metabolite nor-methylone, which are sub-
sequently excreted to urine unchanged or in their conjugated
forms (23, 24). Other metabolites (dihydroxymethcathinone,
N-hydroxy-methylone, and dihydro-methylone) were also detec-
ted and to date no information about the biological activity of
these have been published (23).

Our primary intention was to describe in detail temporal
profile of methylone’s effects in behavioral tests alongside phar-
macokinetics and the effects on body temperature to evaluate
its eventual serotonergic toxicity related to hyperthermia. An
added value of our study was in the evaluation of the effects
of nor-methylone as the primary metabolite in the same series
of behavioral tasks. Finally, since we have performed series of
experiments in our laboratory with related cathinones this allows
us to make indirect comparisons between those (21, 25-27).

In the behavioral study, to test its effects on locomotion,
exploratory activity, anxiety, and stereoytypy the open field test
was used, further on effects on sensorimotor gating indicative of
its psychomimetic potential were tested in the test of prepulse
inhibition of acoustic startle response (PPI ASR) (28). To cover
the peak effects as well as possible late onset of changes in these
tests, we tested both paradigms in two temporal windows (15 and
60 min) after drug administration. To link the behavioral data
to serum and brain levels of methylone, the samples for phar-
macokinetics were collected from animals involved in behavioral
experiments. According to its structural and pharmacological
similarity with MDMA and cocaine, we hypothesized that it will
have similar behavioral profile (stimulatory and disruptive) but
shorter duration of action. Finally, as it has been shown previ-
ously for other compounds, environmental factors, especially an
effect of “individually/group-housed” rats (e.g., people dancing in
a crowded clubs) significantly increase the risk of hyperthermic
reaction, we also tested the effect of isolation and aggregation on
hyperthermic effects of methylone.

MATERIALS AND METHODS

Animals
All animals were male Wistar rats (Hannover breed, obtained
from Konarovice, Czech Republic) weighing 200-250 g and aged
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8 weeks at the start of testing. Rats were housed two per cage
under controlled temperature (22 + 2°C) and humidity (30-70%)
with food pellets and water freely available. Lights were on from
6:00 to 18:00 h and all experiments were carried out between
7:00 and 13:00 h, except the temperature study where the test
lasted until 17:00 h. Animals were allowed 7-10 days to habitu-
ate to laboratory conditions before being used in experiments,
during which they were weighed twice and handled four times.
All behavioral experiments were conducted in the same standard
conditions (temperature and humidity) as in the animal housing
facility. Each experimental group for behavioral and temperature
studies included 10 animals and each animal was tested only
once with the exception that (to reduce animal use) rats from
behavioral experiments were used for subsequent pharmacoki-
netic sampling [for pharmacokinetic studies, n = 8 (for methy-
lone) and n = 5 (for nor-methylone) per experimental group].
All procedures were conducted in accordance with the principles
of laboratory animal care of the National Committee for the Care
and Use of Laboratory Animals (Czech Republic), and according
to Guidelines of the European Union (86/609/EU). The protocol
was approved by the National Committee for the Care and Use
of Laboratory Animals (Czech Republic) under the number:
MEYSCR-27527/2012-31.

Drugs and Chemicals
3,4-Methylenedioxy-N-methylcathinone (methylone) was pur-
chased via the internet and subsequently purified and converted
to a hydrochloride (HCI) by Alfarma s.r.o. (Czech Republic).
The resulting methylone was certified to be of 99.18% purity
(analyzed by infrared spectroscopy) and also served as a refer-
ence standard for pharmacokinetic analyses using liquid chro-
matography. Nor-methylone was synthesized in the Forensic
Laboratory of Biologically Active Substances (University of
Chemistry and Technology Prague, Czech Republic) in a
purity of 99.18%. Internal standards for quantitative liquid
chromatography/mass spectrometry (LC/MS) assays were deu-
terated MDA-D2. HCl with the purity 99.7% (Lipomed, Inc.,
Switzerland). Reference standards for confirmation of metabo-
lites by LC/HRMS (high-resolution mass spectrometry) and
gas chromatography/mass spectrometry were synthesized with
purity within 97.5-89.3% (Institute of Chemical Technology,
Department of Organic Chemistry, Prague). p-Glucuronidase
type HP-2 from Helix Pomatia, EC 3.2.1.31 (184,973 U/ml) was
purchased from Sigma-Aldrich, Prague. Extraction columns
Bond Elut Certify 50 mg/3 ml were supplied by Labio s.ro.,
Olomouc. Other chemicals used for laboratory purposes were
of analytical grade purity. Methylone was stored in dry and
dark place and dissolved in physiological saline (0.9% NaCl)
immediately before experiments.

Dosage

The methylone doses used in the present study were estimated
according to the reported usage by humans and according to
our previous studies with entactogens MDMA, para-methox-
ymethamphetamine (PMMA), and 2C-B (4-bromo-2,5-dimeth-
oxyphenylethylamine). Doses were selected to range from those
that: (1) at the lower end are close to those used by humans, to

(2) higher doses that might produce significant acute non-lethal
toxicity, and (3) with respect to our previous analogous experi-
ments with MDMA, PMMA, and 2C-B (21, 29-31). The treat-
ment range for methylone was set to be 5, 10, 20, and 40 mg/kg,
nor-methylone at 10 mg/kg for behavioral experiments. In beha-
vioral experiments (open field, PPI ASR) nor-methylone was
tested only in 15 min testing onset. Doses for pharmacokinetic
[10 mg/kg subcutaneously (s.c.)] and temperature experiments
(10 and 20 mg/kg s.c.) were selected according to the inherent
sensitivity of the analytical LC/HRMS procedure utilized and
according to the effectiveness in behavioral tasks (effects body
temperature). For the pharmacokinetic study, a single bolus of
methylone 10 mg/kg s.c. was administered, subsequently animals
were decapitated after 30, 60, 120, 240, or 480 min. Additional
pharmacokinetic data with the same design were also obtained
for nor-methylone 10 mg/kg s.c. Separated sera and whole brains
were kept at —20°C until the toxicological analyses. Both drugs
were dissolved in a volume of 2 ml/kg and administered s.c.
(for comparability with previous studies) in all cases.

Pharmacokinetic Analyses

Determination of Methylone and Nor-Methylone
Levels in Serum and Brain Sample Using LC/HRMS
Serum Pre-Treatment

0.2 ml of rat serum was fortified with the internal standard
mephedrone-D7 and nor-mephedrone-D7 in methanolic solu-
tion (in an amount with respect to the level of methylone and nor-
methylone in assayed samples) and 0.5 ml of a 0.1 M phosphate
buffer (pH 6) in a labeled tube.

Brain Pre-Treatment

250 mg of brain was homogenized with 5 ml methanol and the
internal standard methylone-D3 (in an amount with respect
to the methylone levels in samples). The specimen was then
ultrasonicated for 20 min and after supernatant separation by
centrifugation, the supernatant was transferred into a clean
labeled tube and evaporated to dryness. The residue was recon-
stituted in a 0.1 M phosphate buffer (pH 6). Solid phase extrac-
tion of methylone in pre-treated samples: a pre-treated sample of
serum or brain with the buffer and internal standard was loaded
onto a Bond Elut Certify cartridge previously conditioned with
0.5 ml of a 0.1 M phosphate buffer (pH 6). After application of
a pre-treated sample, the cartridge was washed with 0.5 ml of
distilled water, 0.5 ml of 0.1 M HCI, and 0.5 ml of CH;OH/H.O
(1/1, v/v) and then dried by air for 5 min. The analyses were
eluted three times with 0.5 ml of a freshly prepared mixture of
dichloromethane/2-propanol/ammonium hydroxide (25%),
80/20/4, viviv. The eluate was gently evaporated to dryness
under a stream of air at 40°C and then dissolved into mobile
phase for LC/HRMS analysis.

Determination of 4-Hydroxy-3-
Methoxymethcathinone Metabolite in Serum
4-hydroxy-3-methoxymethcathinone (4-OH-3-MeO-MC) was
identified in rat serum samples according its exact mass. The
calculated [M + H*] m/z for 4-OH-3-MeO-MC (C;;H;sNO3)
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was 210.1125. Any peak at the same m/z was found in blank
rat sera.

LC/HRMS Conditions

The analyses were performed using Dionex Ultimate 3000
UHPLC coupled to an Exactive Plus-Orbitrap MS (ThermoFisher
Scientific, Bremen, Germany) equipped with an HESI-II source.
The chromatographic analyses of serum and tissue samples
were performed using a Kinetex PFP 100 A (50 mm X 2.1 mm,
2.6 mm) and Security Guard Cartridge PFP 4 mm X 2.0 mm
(Phenomenex) with a flow rate of 400 ml/min, gradient elution
with 10 mM ammonium formate in 0.1% of formic acid as the
mobile phase B. Gradient 0 min 5%, 4 min 45% B, and 5-6 min
hold at 95%. The MS conditions were: full MS in a scan range of
50-500 m/z with positive electrospray ionization, resolution of
70,000 FWHM (scan speed 3 Hz), spray voltage of 3 kV, and ion
transfer capillary temperature of 320°C.

Behavioral Procedures

Open Field

Open field testing was conducted in a temperature 22 + 2°C,
sound-proof, and evenly lit chamber with low levels of light
intensity. The open field apparatus comprised a black square
plastic open field arena (68 cm x 68 cm) with walls (30 cm high).
At the beginning of each test, the rat was placed individually into
the center of arena 15 or 60 min after drug administration and
allowed to move about the arena freely for 30 min. The apparatus
was cleaned with 50% ethanolic solution to avoid odors after
each test. Behavioral activity was registered by an automatic
video tracking system (EthoVision Color Pro v. 3.1.1, Noldus,
the Netherlands).

Dependent variables were (i) total locomotor activity over
30 min, (ii) locomotor activity in 5 min intervals, (iii) time
spent in the center of the arena and ( Tiener), and (iv) thigmotaxis
(i.e., likelihood of appearance in the periphery). For evaluation
of time spent in the center and thigmotaxis the arena was virtu-
ally divided into 5 x 5 grid of identical square zones with 16
being located on the periphery and 9 centrally. Time spent in the
center of the arena is the sum of time spent in the nine central
zones (Tener = Xtimeis). Thigmotaxis indicates probability
of appearances in peripheral zones (f; the total number of
appearances of the animal in each zones) and is calculated as
X freripheral zones divided by Zfa zones.

PPI of ASR
Prepulse inhibition took place in startle chambers (SR-LAB, San
Diego Instruments, CA, USA), each containing sound-proof
and evenly lit enclosure, high-frequency loudspeaker (produced
background noise at 75 dB and all acoustic stimuli), and Plexiglas
stabilimeter (8.7 cm inner diameter). A piezoelectric accelerom-
eter detected amplitudes of the startle responses which were
digitized for subsequent analysis. 15 or 60 min prior to test rats
were administered with methylone, nor-methylone, or vehicle.
The experimental design was according to previous studies
(21, 27, 29) and consisted of acclimatization and two sessions.
Acclimatization performed 2 days before test, drug-free rats
were habituated in 5 min session with five presentations of pulse

alone stimuli (115 dB/20 ms) over background white noise
(75 dB). Startle data were not recorded for acclimatization.

The test started with a habituation period lasting 5 min in the
startle chamber in which a 75 dB background white noise was
continuously presented. The PPI test followed with 72 trials in
all with an inter-trial interval (ITT) of 4-20 s (mean ITI: 12.27 s).
Six 125 dB/40 ms duration pulse alone trials were then delivered
to establish baseline ASR. Following this, 60 trials of the follow-
ing were presented in a pseudorandom order: (A) pulse alone:
40 ms 125 dB; (B) prepulse-pulse: 20 ms 83 or 91 dB prepulse,
a variable (30, 60, or 120 ms) inter-stimulus interval (mean
70 ms), then 40 ms 125 dB pulse; and (C) 60 ms no stimulus.
Finally, six pulse alone trials were delivered. Habituation was
calculated by the percentage reduction in ASR from the initial
six baseline trials, to the final six trials. The PPI was calculated
as [100 — (mean response for the prepulse — pulse trial/startle
response for the single pulse trials) x 100].

Rectal Temperature

Rats were divided into two groups: rats housed individually and
five animals per cage. These two conditions compared isolated
and group-housed conditions and their interaction of drug on
body temperature. Rectal temperature was measured using a
digital thermometer; every temperature measurement lasted
10 s and rat was momentarily immobilized in a Plexiglas tube.
The first measurements were taken every hour at 7:00 until
9:00 h and were taken under drug-free conditions. Methylone
or vehicle was administered at 9:00 h and temperature was
recorded every half hour until 11:00 h. Thereafter, temperature
was recorded at hourly intervals until 17:00 h.

Design and Statistical Analysis

All statistical analyses were conducted using IBM SPSS version
22. For the open field, PPI, and temperature analyses, factorial
designs for later analysis with analysis of variance (ANOVA)
were used.

Significant main effects and interactions ANOVAs were
followed with pairwise comparisons using independent f-tests.
For repeated measures ANOVAs, where Mauchly’s test of sphe-
ricity was significant (and Mauchley’s W < 0.75), Greenhouse-
Geisser corrected statistics are reported. For independent ¢-tests,
where Levene’s test for equality of variances was significant,
statistics corrected for unequal variances are given p < 0.05
(two tailed) was considered the minimal criterion for statistical
significance. For multiple comparisons, t-tests were used with
Bonferroni correction. Nor-methylone was not included in
ANOVA analyses (only one time of administration was tested,
15 min) and data were analyzed using additional independent
I-test.

RESULTS

Pharmacokinetics of Methylone and Nor-
Methylone in Serum and Brain Tissue

For methylone, maximum brain and serum concentration
were attained within 30 min after the drug administration. The
influx into the brain was not delayed and the concentration
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of methylone in brain was approximately five times higher
than serum levels throughout the experiment (serum:brain
ratio during the peak was 1:4.54; Figure 1A). Serum levels of
nor-methylone were also quantified after methylone adminis-
tration; they peaked 30 min later than methylone (1 h after
administration) and reached about 20% of methylone levels
(350 ng/ml). The second most abundant metabolite identified
in the serum was 4-OH-MeO-MC (4-hydroxy-3-methoxym-
ethcathinone) (Figures 1C,D), quantification was not possible
because of lack of reference standard at the time of analysis.
4-OH-MeO-MC peaked quickly at 30 min after administration
of methylone, the peak had bigger area under the curve and
then quickly disappeared and nor-methylone became the most
abundant at later time points evaluated. After nor-methylone
administration, the maximum serum concentrations were
reached between 30 min and 1 h, the brain peak appeared at
30 min; the maximum levels were approximately one half when
compared with methylone and serum:brain ratio during the
peak was 1:7.97 (Figure 1B).

Acute Toxicity

Rats, treated with methylone 40 mg/kg, were tested only in 15 min
testing onset in PPI because after 2 h after administration seven
rats no longer produced much behavior only lying on the floor.
After 5 h rats began moving around the home cage again, however,

mortality occurred within 24 h after injection in six rats. In open
field testing, only one rat died within 24 h after administration of
methylone (40 mg/kg). Behavioral testing at 60 min after admin-
istration was not performed since 40 mg/kg was lethal to some
animals.

Locomotor Activity in the Open Field
Trajectory length was evaluated using 4 X 2 x 6 mixed factorial
ANOVAs with drug treatment (methylone at 5, 10, or 20 mg/kg
versus vehicle) and time of administration (15 and 60 min) as
independent factor, and blocks (5 min interval) as a repeated
measures factor. Mauchly’s test of sphericity was significant and
Greenhause—Geisser correction are presented for repeated meas-
ures, Mauchly’s W(14) = 0.21, p < 0.001. Degrees of freedom were
rounded to whole number for presentational purposes.

Analyses produced significant main effects of drug treatment
[Fia, 71 = 22.43, p < 0.001], time of administration [Fu,7) = 50.68,
p < 0.001], and blocks [Fi, 211y = 188.43, p < 0.001]. In addition,
there was a significant time of administration X drug treatment
interaction [Fis, 7 = 8.37, p < 0.001] and a significant time of
administration X blocks interaction [Fg, 21y = 6.81, p < 0.001]
no other interactions were observed (Figure 2).

Since no interaction between drug treatment X blocks was
observed further pairwise comparisons using independent
t-tests were used to explore the significant on total trajectory
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FIGURE 3 | Total locomotion measured 15 min (A) and 60 min (B) after mathylone (5, 10, and 20 mg/kg) and nor-methylone (10 mg/kg) administration. Second
panel represents mean Teenter measured 15 min (C) and 60 min (D) after methylone (5, 10, and 20 mg/kg) and nor-methylone (10 mg/kg) administration. Columns

length; these revealed that compared with vehicle all three doses
of methylone significantly increased locomotion at 15 min [min-
imum #(13) = 5.17, p < 0.001; Figure 3A] as well as at 60 min
[minimum #(12) = 2.99, p < 0.05; Figure 3B]. The increase at
60 min was much less pronounced.

Nor-methylone 10 mg/kg compared with vehicle significantly
increased total locomotion at 15 min after administration
[(18) = 4.57, p < 0.01], by contrast, compared nor-methylone
to methylone 10 mg/kg there was no significant difference
(Figure 3A).

Thigmotaxis and Time Spent in the

Center Part of the Apparatus

Thigmotaxis and Teenter of arena were each analyzed with 4 x 2
ANOVAs with drug treatment and time of administration as
independent factors.

T;:enter

There was only a significant main effect of drug treatment
[Fis,71y = 9.82, p < 0.001] and a significant interaction of time of
administration X drug treatment [Fs 7y = 6.37, p < 0.001].
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Independent t-tests showed that methylone at all doses and
both times of administration, except 20 mg/kg 15 min and
10 mg/kg at 60 min, significantly increased Teemter [minimum
t(11) = 3.44, p < 0.05]. Nor-methylone had no effect on Teenter
(Figures 3C,D).

Thigmotaxis
The main effect of time of administration [Fy, 7y = 22.15,
p < 0.001], drug treatment [Fg, 7y = 7.38, p < 0.001] as well as
their interaction [Fs,71) = 14.89, p < 0.001] were significant.
Methylone 20 mg/kg at 15 min before measurement signifi-
cantly increased thigmotaxis [#(18) = 7.93, p < 0.001]. In contrast,
at 60 min 5 and 20 mg/kg decreased it [minimum #(18) = 2.68,
p < 0.05], while nor-methylone had no effect on this parameter
(Table 1).

Prepulse Inhibition

Habituation, ASR, and PPI data were each analyzed with 4 x 2
independent ANOVAs with drug treatment (methylone at 5, 10,
and 20 mg/kg versus vehicle) and time of administration (15 and
60 min) as independent factors.

Habituation data showed a significant main effect of time of
administration on habituation [Fu, 72 = 8.17, p < 0.01] but no
interaction was observed. Independent f-tests revealed that
methylone compared with vehicle did not affect habituation at
any of the doses tested (Table 2).

Acoustic startle response data showed a significant main effect
of drug treatment [Fg,72 = 2.83, p < 0.05] and again no interac-
tion was detected. Independent t-tests revealed that methylone
compared with vehicle did not affect ASR at any of the doses
tested (Table 2).

Independent ANOVA showed a significant main effect of drug
treatment on PPI [F3 7, = 2.88, p < 0.05], no other interactions
were observed. Subsequent independent t-test revealed a trend
to decrease for 20 mg/kg at 15 min, compared with control,
t(18) = 1.91, p = 0.1 (one-tailed). Nor-methylone did not differ
from vehicle (Figure 4).

The Effect of Methylone on Body

Temperature
The effect of methylone on body temperature was analyzed
using 3 X 2 X 13 mixed factorial ANOVAs with drug treatment

TABLE 1 | Mean thigmotaxis measurad 15 and 60 min after methylone (5, 10, and 20 mg/kg) and nor-methylone (10 mg/kg) administration.

Drug treatment
Measure Admin time Vehicle 5 mg/kg 10 mg/kg 20 mg/kg Nor-methylone
Thigmotaxis 15 min 0.82 (0.01) 0.78 (0.02) 0.83 (0.02) 0.97 (0.02) 0.84 (0.04)
60 min 0.81 (0.01) 0.75 (0.02) 0.82 (0.03) 0.74 (0.02) XXX

Numbers represent means and in brackets are shown SEMs.

TABLE 2 | The effect of methylone (5, 10, and 20 mg/kg) and nor-methylone (10 mg/kg) on acoustic startle response (ASR) and habituation.

Drug treatment
Measure Admin time Vehicle 5mg/kg 10 mg/kg 20 mg/kg Nor-methylone
ASR (arbitrary units) 15 min 183.4 (60.1) 79.9(12) 237.2 (36) 188.5(23.4) 172 (33)
60 min 157.5(36.2) 125 (26.5) 157.2 (34.5) 145 (17.2) XXX
Percentage habituation 15 min 40.4(10.9) 25.7 (13.4) 19.4(9) 35.7(8) 35.6(7.1)
60 min 67.1(6.1) 50.8 (8.4) 43.3(8.6) 47.2(6.9) XXX

Numbers represent means and in brackets are shown SEMs.
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FIGURE 4 | Mean percentage prepulse inhibition of methylone (5, 10, and 20 mg/kg) and nor-methylone (10 mg/kg) 15 min (A) and 60 min (B) after administration.
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(methylone at 10 and 20 mg/kg versus vehicle) and home-cage
conditions (individually and group-housed rats) as independent
factors, and time as a repeated measures factor. Mauchly’s test
of sphericity was significant and Greenhouse—Geisser correction
are presented for repeated measures, Mauchly’s W(44) = 0.05,
P < 0.001. Although temperature data before drug administration
were significantly different from vehicle, these data were aver-
aged for individual treatment and subtracted from temperature
data after drug administration.

Temperature data showed a significant main effect of drug
treatment [Fg, sy = 5.29, p < 0.05], home-cage conditions
[Fuu, 59 =4.41, p < 0.05], and time [F(s, 259y = 161.58, p < 0.001].
The interaction of drug treatment X time [Fi, 9 = 6.87,
p < 0.001] and the three-way interaction of drug treat-
ment X time X home-cage conditions [Fi,2s9) = 4.3, p < 0.001]
were significant.

Independent t-tests revealed that under individually condi-
tions, methylone significantly increased body temperature half
an hour (9.30 h) after administration for both doses (10 and
20 mygrkg), an effect that was maintained until 13.00 for 10 mg/kg
groups, minimum #(18) = 2.15, p < 0.05, and to 14.00 in the case
of 20 mg/kg, minimum #(18) = 2.07, p = 0.05, Figure 5A.

In rats housed under group-housed condition, the tempera-
ture started to increase at 30 min after methylone administra-
tion after each of the doses. Methylone 10 mg/kg significantly
increased body temperature from 9.30 to 10.30 h, minimum
t(18) = 2.6, p < 0.05. At 20 mg/kg dose, temperature main-
tained elevated until 11.00, minimum #(18) = 2.46, p < 0.05,
Figure 5B.

DISCUSSION

The main findings were as follows: methylone (i) had fast phar-
macokinetics with a peak at 30 min, readily crossed the blood-
brain barrier and reached levels approximately five times higher
in the brain tissue (compared with serum); the major metabolite
nor-methylone peaked in the brain at 30 min after methylone
administration; (ii) showed marked stimulant effects at 15 min
after administration which significantly diminished when tested
1 h after administration; (iii) methylone has relatively weak

potency to disrupt PPL and (iv) methylone significantly increased
rectal temperature in individually as well as group-housed rats.
When nor-methylone was administered alone, even though it
reached approximately 1/2 and 1/3 of the serum and brain levels
compared with methylone, it had comparable stimulant potency
to methylone.

Pharmacokinetics

Compared with our data, Elmore et al. (32) found the peak serum
of methylone levels even earlier at 15 min using the same route
of administration. Interestingly, Lopez-Arnau et al. (33) found
maximum plasma levels at 30 min after oral administration of
methylone in rats which is indicative of a very fast gastrointestinal
absorption. Additionally, only our experiments indicate a very
fast and effective crossing of blood-brain barrier as methylone
levels in the brain were more than five times those in serum.
The incorporation of methylone into the brain may be associ-
ated with high lipophilicity, as we have already suggested for
other compounds, e.g., PMMA or MDAI (5,6-methylenedioxy-
2-aminoindane) (21, 27). Similarly, as methylone, its metabolite
nor-methylone showed similar serum:brain ratio. The other
important and major metabolites 4-OH-MeO-MC (4-hydroxy-
3-methoxymethcathinone) (1, 34) were also detected in serum
and brain. The rapid decrease of its dominance in the analytical
spectrum at 60 min may be related to its fast conjugation, which
would explain its lower plasmatic concentrations compared
with nor-methylone. Even though we did not perform enzy-
matic hydrolysis, we might assume that the rapid decrease of its
levels might be related to its fast conjugation with glucuronic
and/or sulfuric acid that is typical for fenolic metabolites (35).
Compared with MDMA where peak MDMA concentrations
are achieved within 1 h after subcutaneous or oral administra-
tion both methylone and its metabolite nor-methylone showed
a more rapid kinetic profile (36, 37) which is in line with the
reported shorter duration of effects in humans (and might lead
to more frequent re-dosing by users).

Acute Toxicity

According to our knowledge, there is no evidence about
determination of lethal methylone dose in animals. In our

g
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study, we obtained unexpected findings on the lethal effects
of the highest dose of methylone (40 mg/kg) in the rats. The
symptoms observed in this case (i.e., hyperventilation, sei-
zures) were similar to symptoms detected in MDAI (27) and
may be associated with serotonin syndrome, mainly hyper-
thermia which is one of the core symptom caused by 5-HT
release (38).

Open Field

In accordance with its kinetic profile, the overall locomotor
stimulatory activity was more pronounced 15 min after admin-
istration and was also comparable with other studies in rats
(16, 19) and mice (17, 18). In mice, after methylone 30 mg/kg,
locomotor activity was lower compared with 10 mg/kg (18)
indicative of an inverted U shaped curve of locomotor effects.
This inverted U shaped locomotor curve is also typical for most
of the stimulants and characteristically linked to an increase in
stereotyped behavior (e.g., circling) (21, 39). It is well established
that the stimulatory versus hallucinogenic potency of cathinones
and other related compounds is related to their DAT:SERT
inhibition ratio. As stated above, methylone has been reported
to have similar DAT:SERT inhibition ratio to cocaine (3, 12),
and in contrast to other related cathinones, e.g., mephedrone,
naphyrone, and methylenedioxypyrovalerone (MDPV) methy-
lone has lower selectivity over DAT making it less stimulatory
(3, 40). As reported in comparable behavioral studies of our
currently submitted manuscripts, its stimulatory potency is
slightly lower compared with mephedrone and much less potent
compared with MDPV (unpublished observations Horsley et al.
and Sichova et al.).

According to the temporal and spatial patterns in locomotor
activity, methylone disrupted habituation, increased explora-
tion, and stimulated activity at lower doses, however, high doses
induced stereotyped behavior. In this respect, methylone behaves
in a very similar manner to other stimulants and entactogens
tested in identical (or near-identical) paradigms in our labora-
tory (21, 31).

Prepulse Inhibition

Methylone has a relatively weak potency to disturb sensorimo-
tor processing. In line with this, our recent experiments with
mephedrone, nor-mephedrone, and MDPV showed com-
parable weak or negative effects on PPI in rats (unpublished
observations Horsley et al. and Sichova et al.). Interestingly
amphetamine, which is approximately 10 times more potent
in disrupting PPI in rodents, in humans also failed to have
disruptive effect on PPI (41). However, this might be related
to the fact that it was used in much lower dose (0.45 mg/kg) in
humans compared with rodents (typically 1-4 mg/kg). On the
contrary drugs affecting mainly SERT, e.g.,, MDMA, PMMA, or
MDAI seem to have much stronger ability to disrupt sensori-
motor gating in animals as well as in humans (26, 31, 42). Since
PPI is typically used as a model of psychotomimetic potential
in animals with translational validity, we may conclude that
methylone has only mild psychotomimetic effects. Apart from
PPI, and similarly like with the open field, the habituation to

startle was attenuated during the peak of methylone effect
(ie.,in 15 min time of administration). This can be theoretically
also related to the overall stimulatory effect or to anxiety, since
with the highest dose also the decreased time spent in the center
was present.

Temperature

As expected and in accordance with previous studies with
methylone (22, 43, 44), MDMA (45, 46) as well as our com-
parable studies with phenethylamine PMMA, and aminoin-
dane MDAI (21, 27) the hyperthermic reaction was more
pronounced in group-housed condition where it increased
up to 1.5°C. The temperature increase was rapid and was not
associated with visible perspiration as has been described with
PMMA and MDAI (21, 27). In animals housed separately, the
increase in temperature lasted for a 1 h longer compared with
animals housed in groups. This is surprising since the opposite
would be expected. This might be explained by accelerated
metabolism due to higher increase in body temperature
(cca 1°C) in animals housed in groups. Serotonergic drugs have
more pronounced hyperthermic effects compared with drugs
with dopaminergic actions. Since serotonin is a critical neu-
romodulator involved in the thermoregulation, with 5-HT2A
receptors being a key mechanism responsible for hyperthermia
(47). It is therefore very probable that this is also the case
for methylone where the 5-HT2A receptor is stimulated via
indirect mechanisms related to the increased serotonergic tone
(44). On the other hand, in study of Javadi-Paydar et al. (19)
was shown that mean body temperature did not vary more than
0.5°C from baseline temperature after methylone application.
These findings of different (negative) results could be caused
by methodological differences, where they measured tem-
perature using radiotelemetry with lower doses of methylone
than us.

Also in some of the cathinones, e.g., mephedrone have
been also reported to induce hypothermia in rats but not mice
(43, 48, 49). This effect is typically stimulated by activity at
5-HT1A receptors, and sometimes drugs that induce serotonin
release might have biphasic effects on temperature or bidirec-
tional depending on pharmacodynamics and the stimulation of
these receptors (50).

Since here rats in group-housed conditions exhibited greater
elevations in temperature (than under individually housed rats),
this provides more support for the idea that environmental
conditions that are crowded and/or hot (e.g., people dancing in
a crowded clubs) increase the risk of hyperthermia and acute
toxicity associated with methylone (51).

CONCLUSION

Methylone and its primary metabolite, nor-methylone induced
behavioral, and temperature changes that are comparable with
MDMA and other related stimulants, however, our results
indicate it has a weaker capacity to disrupt PPI than MDMA
and other stimulants. Since we have observed lethal toxicity in
our study and that several deaths have been also associated with
methylone in humans, its toxicity should not be underestimated,
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especially when hyperthermic reaction appears in a crowded
environments.
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MEPH’s and its primary metabolite nor-mephedrone’s (nor-MEPH) pharmacokinetics
and bio-distribution to four different substrates (serum, brain, lungs, and liver), as well
as comparative analysis of their effects on locomotion [open field test (OFT)] and senso-
rimotor gating [prepulse inhibition of acoustic startle reaction (PPl ASR)]. Furthermore,
in order to mimic the crowded condition where MEPH is typically taken (e.g., clubs),
the acute effect of MEPH on thermoregulation in singly- and group-housed rats was
evaluated. Pharmacokinetics of MEPH and nor-MEPH after MEPH (5 mg/kg, sc.) were
analyzed over 8 h using liquid chromatography with mass spectrometry. MEPH (2.5, 5,
or 20 mg/kg, sc.) and nor-MEPH (5 mg/kg, sc.) were administered 5 or 40 min before
the behavioral testing in the OFT and PPl ASR; locomotion and its spatial distribu-
tion, ASR, habituation and PPI itself were quantified. The effect of MEPH on rectal
temperature was measured after 5 and 20 mg/kg, sc. Both MEPH and nor-MEPH
were detected in all substrates, with the highest levels detected in lungs. Mean brain:
serum ratios were 1:1.19 (MEPH) and 1:1.91 (nor-MEPH), maximum concentrations
were observed at 30 min; at 2 and 4 h after administration, nor-MEPH concentrations
were higher compared to the parent drug. While neither of the drugs disrupted PP,
both increased locomotion and affected its spatial distribution. The effects of MEPH
were dose dependent, rapid, and short-lasting, and the intensity of locomotor stimulant
effects was comparable between MEPH and nor-MEPH. Despite the disappearance
of behavioral effects within 40 min after administration, MEPH induced rectal tem-
perature elevations that persisted for 3 h even in singly housed rats. To conclude, we
observed a robust, short-lasting, and most likely synergistic stimulatory effect of both
drugs which corresponded to brain pharmacokinetics. The dissociation between the
duration of behavioral and hyperthermic effects is indicative of the possible contribution
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of nor-MEPH or other biologically active metabolites. This temporal dissociation may be
related to the risk of prolonged somatic toxicity when stimulatory effects are no longer

present.

Keywords: mephedrone, 4-methylmethcathinone, nor-mephedrone, pharmacokinetics, open field, prepulse

inhibition, thermoregulation, Wistar rat

INTRODUCTION

Mephedrone (4-methylmethcathinone, 4-MMC; MEPH, hereaf-
ter), a synthetic derivative of cathinone was first synthetized in
1929 with the aim of developing this compound for therapeutic
purposes (1). At the turn of the twenty-first century MEPH was
rediscovered byrecreational users(asaso-called “newpsychoactive
substance”: NPS) and owing to its psychoactive effects, it became
widely used as party drug known under the street name “meow
meow” (2,3).Based on users’ reports, MEPH’s effects are very simi-
lar to amphetamine, to 3,4-methylenedioxymethamphetamine
(MDMA) and to cocaine, or their combination (4-6). MEPH’s
effects are rapid and of relatively short duration depending on
the administration route (intranasal: ~30 min, oral: ~2-3 h)
(7, 8), resulting in a tendency for recreational users to re-dose,
as is the case with cocaine (9, 10). Prolonged and/or poly-drug
use [including “slamming”—intravenous injection of MEPH
combined with other drugs (11)] may be associated with adverse
psychological (e.g., paranoia, depression, panic attacks), cardio-
vascular, or renal effects (12, 13). Furthermore, at least 90 deaths
have been documented where MEPH alone (or its combination
with other psychoactive compounds) was implicated (14-17).
In 2010, MEPH was classified as a controlled substance in some
European countries, and 2 years later in the USA (7). Despite
its ban, it has remained a popular recreational drug to this day
(18, 19).

Mephedrone acts as non-selective monoamine uptake inhibi-
tor and releaser with dopamine transporter: serotonin transporter
(DAT: SERT) inhibition ratio being 1.4, which led authors to
label MEPH as mixed MDMA-cocaine-like compound (20, 21).
However, while MEPH’s uptake of dopamine (DA) is roughly
equivalent to that of serotonin (5-HT), it is (such as MDMA
or cathinone) several times more potent at nor-epinephrine
transporter (NET) with NET: DAT ratio being approximately 13
(20). MEPH is also active on vesicular monoamine transporters
2, where its activity is approximately 10 times less potent than
MDMA (22). Partly contrasting the transporter studies, accord-
ing to in vivo microdialysis studies in nucleus accumbens (NAcc),
MEPH had approximately twofold greater effect on 5-HT than
DA release (23, 24). Furthermore, MEPH also has some activity at
serotonin 5-HT:a, noradrenaline o ; and trace amine associated
receptor (TAAR;). Affinity for DAT together with its high blood-
brain barrier permeability (twofold greater than amphetamine
and MDMA) (20) and direct effects on DA in NAcc make MEPH
a compound with high addictive potential, which is confirmed
by users (10, 20, 25, 26) and by animal studies (27-29). Its strong
affinity for NET then might be indicative of cardiovascular
toxicity (7).

Mayer et al. (30), using in vitro assays, showed that the phase
I metabolites 4-methylcathinone (nor-mephedrone (nor-MEPH)

hereafter), 4-hydroxytolylmephedrone (4-OH-MEPH) and dihy-
dromephedrone also have measureable activity at DAT, NET,
and SERT, although of these, only nor-MEPH and 4-OH-MEPH
at a range meaningful for behavioral tests. Therefore, bioactive
metabolites can also contribute to MEPH’s effects. However, this
was previously confirmed only for nor-MEPH, which displayed
in vivo behavioral stimulatory activity (30).

In rodent models, MEPH administration leads to dose-
dependent increases in locomotion [reviewed in Ref. (7)]. The
intensity and duration of these changes is comparable to those
observed after the same dose of MDMA, but lesser than ampheta-
mine’s effects (23, 24). MEPH’s effect on sensorimotor gating has
only been evaluated in a chronic administration paradigm by
Shortall et al. (31); in order to mimic weekend type recreational
use of drugs, they administered MEPH (1, 4, or 10 mg/kg) twice
a week on two consecutive days for 3 weeks and tested prepulse
inhibition of acoustic startle reaction [PPI ASR; a behavioral
operationalization of sensorimotor gating (32)]; 30 min (min)
after the final injection; this yielded no disruptive effect. On the
other hand, related drugs, such as MDMA, amphetamine, cocaine,
also cathinone itself, and methylone, have shown some disruptive
effects in this paradigm (33-39). No information currently exists
on MEPH’s acute effect nor the effects of its metabolites on PPI.

Studies of MEPH effects on thermoregulation are inconsist-
ent in their results; both hyperthermic (Sprague-Dawley rats
(24,27)) and hypothermic (40) responses have been documented.
Alteration of body temperature is an effect that is dose- and
environment-dependent in the case of MDMA and related com-
pounds [e.g., Ref. (38, 39, 41, 42)]. In two of our previous studies,
we have found that serotonergic compounds, along with severe
hyperthermia, can induce profound sweating, particularly when
rats are housed in cages in groups (38, 41). Group-housing mim-
ics the crowded conditions in clubs where drugs, such as MDMA
and MEPH are typically used. It is generally known that the
hyperthermia associated with the use of these compounds is one
of the key preceding conditions of neurotoxicity as well as of acute
somatic toxicity related to serotonin syndrome (43). Therefore
detailed examination of dose-related interactions with environ-
mental conditions (such as crowding) is necessary in order to
elucidate inconsistencies in MEPH’s effects on thermoregulation.

Our main intention was to enrich current knowledge of
MEPH by detailed description of the temporal characteristics
of its behavioral effects in relation to its pharmacokinetics and
bio-distribution and to investigate effects of its major active
metabolite nor-MEPH. To describe the temporal profile of
behavioral changes, two testing-onsets (5 or 40 min after drug
administration) were used to register both peak and prolonged
drug effects. Stimulatory locomotor effects, exploration and/or
anxiogenic/anxiolytic potential were tested in the open field test
(OFT) and the effects on sensorimotor gating were measured in
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PPI ASR. Alongside this, pharmacokinetic profile of MEPH and
nor-MEPH in brain and serum, and their bio-distribution to liver
and lungs were established, over 8 h. To evaluate MEPH’s effects
on thermoregulation under crowded and isolated environmental
conditions, rectal temperatures were measured over 8 h in groups
of five rats versus rats housed alone.

MATERIALS AND METHODS

Animals

Male outbred Wistar rats (VELAZ, Czech Republic) weighing
approximately 180-250 g were housed in pairs under controlled
conditions (light/dark arrangement: 12/12 hours, temperature:
22 + 2°C, humidity: 30-70%) with ad libitum water and standard
diet. In each study, rats acclimatized to the laboratory facility for
seven days, with tests performed in the seven days following.
Therefore, testing/sampling occurred when rats were approxi-
mately 10-11 weeks old (adult) and they were in the laboratory
for approximately 10-14 days in total. During the acclimatiza-
tion period, rats were handled four times and weighed twice.
Experiments and measurements were conducted in the light phase
of the cycle (between 07:00 and 15:00 h). Experimental groups
consisted of 10 individuals, each rat was tested only once, with the
exception that to reduce the number of animals used, rats treated
by MEPH/nor-MEPH in behavioral studies were subsequently
used for pharmacokinetic sampling. Hence, only eight additional
rats were needed (for 30 min post-drug administration samples).

Drugs and Chemicals

Mephedrone was purchased via the internet and subsequently
purified and converted to MEPH hydrochloride by Alfarma
s.r.o. (Czech Republic). The resulting MEPH was certified to be
of 99.18% purity (analyzed by infrared spectroscopy) and also
served as a reference standard for pharmacokinetic analyses
using liquid chromatography. Nor-MEPH was synthesized at
the Department of Organic Chemistry, Faculty of Chemical
Technology (University of Chemistry and Technology Prague,
Czech Republic) at a purity of 99.18%. Internal standards
MEPH-D7.HCI and nor-MEPH-D7.HCI for quantitative liquid
chromatography/mass spectrometry (LC/MS) assays were
synthesized at the Department of Organic Chemistry, Faculty of
Chemical Technology (University of Chemistry and Technology
Prague, Czech Republic). Extraction columns (Bond Elut Certity
50 mg/3 ml) were supplied by Labicom s.r.o., Olomouc. Other
chemicals used for laboratory purposes were of analytical grade
purity. MEPH was stored in dry and dark place and dissolved in
physiological saline (0.9% NaCl) immediately before experiments.

Dosage

The doses for subcutaneous (sc.) administration were estimated
with respect to the amounts usually used by humans, reported
potency/affinity at transporters and based on our previous
studies with related compounds especially MDMA, MDAI, and
related ring-substituted cathinone methylone (35, 38, 39, 44, 45).
Furthermore, we set these doses with the intention to mimic the

dosage comparable to human use and intermediate—high dose
with expected strong acute effect, but non-lethal toxicity. Finally,
the doses were also adequately adjusted for interspecies differences
according the formula suggested by Reagan-Shaw et al. (46). All
substances were dissolved in vehicle (0.9% physiological saline) at
a volume of 2 ml/kg administered sc. (for comparability with our
previous studies). Rats used for pharmacokinetic sampling were
treated by MEPH 5 mg/kg. MEPH 5 or 20 mg/kg was used in the
temperature monitoring study, and MEPH 2.5, 5, or 20 mg/kg
and nor-MEPH 5 mg/kg were used in behavioral tests. As vehicle
controls (VEH) animals were treated with an equivalent volume
of 0.9% physiological saline.

Pharmacokinetics

For pharmacokinetics, rats were administered MEPH (5 mg/kg sc.)
and subsequently decapitated after 30, 60, 120, 240, or 480 min
(n = 8/experimental group). Sera, brain, liver, and lung tissues
were collected and stored at —20°C until analysis.

Determination of MEPH and Nor-MEPH Levels in
Serum and Tissue Samples Using LC/HRMS

Serum Pretreatment

0.2 ml of rat serum was fortified with the internal standard
MEPH-D7 and nor-MEPH-D7 in methanolic solution (in an
amount with respect to the levels of MEPH/nor-MEPH in
assayed samples) and 0.5 ml of a 0.1 M phosphate buffer (pH 6)
in a labeled tube.

Tissue Pretreatment

250 mg of tissue (brain, lung, liver) was homogenized with 5 ml
methanol and the internal standard MEPH-D7 and nor-MEPH-
D7 (in an amount with respect to the MEPH/nor-MEPH levels in
samples). Each specimen was then ultrasonicated for 20 min and
after supernatant separation by centrifugation, the supernatant
was transferred into a clean labeled tube and evaporated to dry-
ness. The residue was reconstituted in 0.1 M phosphate buffer
(pH 6). For solid-phase extraction (SPE) of MEPH/nor-MEPH,
a pretreated sample of serum or tissue, along with the buffer and
internal standard, was loaded onto a Bond Elut Certify cartridge
previously conditioned with 0.5 ml of 0.1 M phosphate bufter (pH 6).
After application of each pretreated sample, the cartridge was
washed with 0.5 ml of distilled water, 0.5 ml of 0.1 M HCI and
0.5 ml of CH;OH/H,O (1/1, v/v) and then air-dried for 5 min. The
analytes were eluted three times with 0.5 ml of a freshly prepared
mixture of dichloromethane/2-propanol/ammonium hydroxide
(25%), 80/20/4, v/v/v. The eluate was gently evaporated to dry-
ness under a stream of air at 40°C and then dissolved into mobile
phase for LC/HRMS analysis.

LC/HRMS Conditions

The analyses were performed using Dionex Ultimate 3000
UHPLC coupled to an Exactive Plus-Orbitrap MS (ThermoFisher
Scientific, Bremen, Germany) equipped with a HESI-II source.
The chromatographic analyses of the serum and tissue samples
were performed usinga Kinetex PFP 100 A (50 % 2.1 mm, 2.6 mm)
and Security Guard Cartridge PFP 4 x 2.0 mm (Phenomenex)
with a flow rate of 400 ml/min, and gradient elution with 10 mM
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ammonium formate in 0.1% of formic acid as the mobile phase
B. Gradient 0 min 5%, 4 min 45% B, 5-6 min held at 95%. The
MS conditions were as follows: full MS in scan range of 50-500
m/z with positive electrospray ionization, resolution of 70000
FWHM (full width at half-maximum, scan speed 3 Hz), spray
voltage of 3 kV, and an ion transfer capillary temperature of
320°C.

Behavior: Open Field and PPI

Open Field

The OFT was performed in accordance with our previous studies
(38, 47). An empty black square arena (68 cm X 68 cm X 30 cm)
was used, which was virtually divided into a 5 x 5 grid of identical
squares; 16 squares were located near the arena walls (compris-
ing the peripheral zone), and 9 squares were situated centrally
(comprising the central zone). Rats were placed individually into
the center of the arena 5 or 40 min after the drug administra-
tion (testing-onset) and their behavior was recorded for 30 min
(nor-MEPH-treated rats were tested at the 5 min testing-onset
only). The software EthoVision Color Pro v. 3.1.1 (Noldus,
Netherlands) was used to capture the raw data used in the calcula-
tion of the following dependent variables: trajectory length (cm;
corrected for deviations of <3 cm) and its temporal dynamics
in 5 min intervals; thigmotaxis (3 fperpheral zones/ 2 fall zoness Where
f = frequency of appearance in the zone) reflects the probability
of appearance in the peripheral zone; Tiene reflects time spent
CEI'ltl'a].ly (Ztimecenualmnes)-

Prepulse Inhibition

Prepulse inhibition was evaluated in two identical startle cham-
bers (SR-LAB, San Diego Instruments, CA, USA) each consisting
of a sound-proof, evenly lit, ventilated enclosure with a Plexiglas
stabilimeter (8.7 cm inner diameter). The experimental design
was adopted from our previous studies [e.g., Ref. (38, 41, 47)].
Briefly, 2 days before testing, rats were acclimatized to the startle
chamber with a drug-free 5 min pre-training procedure consist-
ing of 5 pulse alone stimuli (115 dB/20 ms) presented over back-
ground white noise (75 dB). Startle data were not recorded for
acclimatization. On the test day, the testing session was initiated 5
or 40 min after drug administration (only 5 min for nor-MEPH).
The test session consisted of 72 trials in total with an inter-trial
interval (ITI) of 4-20 s (mean ITI: 12.27 s). After 5 min exposure
to a continuous 75 dB background white noise, six 125 dB/40 ms
duration pulse alone trials were delivered to establish baseline
ASR (for later calculation of habituation). Following this, 60 tri-
als of the following were presented in a pseudorandom order:
(A) pulse alone: 40 ms/125 dB; (B) prepulse—pulse: 20 ms/83 dB
or 20 ms/91 dB prepulse with a variable (30, 60, or 120 ms)
inter-stimulus interval (ISI: mean = 70 ms), then 40 ms/125 dB
pulse; (C) 60 ms no stimulus. Finally, six pulse alone trials were
delivered. Habituation was expressed as the percentage reduction
in ASR from the initial six baseline trials, to the final six trials. PPI
was calculated as follows: [100 — (mean prepulse — pulse trials/
mean pulse alone trials) X 100]. Mean ASR was obtained from
pulse alone trials. All measures were derived from the average of
the area under the curve in arbitrary units (AVG). Animals with

a mean ASR (AVG) response lower than 10 were excluded from
analyses as non-responders.

Body Temperature

To evaluate the possible interactive effect of drugs and
environmental conditions, we measured rectal temperatures
in rats housed singly or in groups of five per cage. In total,
13 measurements were conducted as follows: three drug-free
hourly measurements (07:00-09:00 h) followed by adminis-
tration of (MEPH 5 or 20 mg/kg or VEH) at 09:00 h, then
four 30 min measurements (09:30-11:00 h), and finally six
hourly measurements (12:00-17:00 h). A digital thermometer
was used; each rat was briefly (max. 10 s) immobilized in a
Plexiglas tube during the procedure. Rats were kept under
controlled laboratory conditions (temperature: 22 + 2°C,
humidity: 30-70%) in the experimental room throughout the
study (which was where all temperature measurements were
taken).

Statistics

All statistical analyses were performed using the data analysis
software system STATISTICA version 9.1. [StatSoft, Inc. (2010)].
Tests used a default alpha set at p = 0.05, two tailed. Behavioral
and thermoregulation studies used factorial designs; there-
fore, analysis of variance (ANOVA) or analysis of covariance
(ANCOVA) were used. Where these yielded significant main
effects involving a factor with >2 levels or significant interac-
tions, pair-wise post hoc comparisons were conducted using
Newman-Keuls tests.

Behavioral Data (OFT and PPI)

Open field test spatial distribution (thigmotaxis and Tiene) and
PPI parameters (habituation, ASR, and PPI) were each analyzed
using a 2 X 4 factorial ANOVA with testing-onset (5 or 40 min)
and drug treatment (VEH or MEPH 2.5, 5, and 20 mg/kg sc.) as
between subjects factors. In the case of significant main effects
on ASR or habituation, the significant factor was included as a
covariate in subsequent analysis of PPI data (using ANCOVA).
The temporal pattern of locomotor activity in the OFT (trajectory
length in 5 min blocks) was analyzed using a 2 X 4 X 6 mixed fac-
torial ANOVA with testing-onset and drug treatment as between
subjects factors, and time blocks (6 X 5 min) as a within-subjects
factor.

Additional analyses to compare the potency of nor-MEPH
to MEPH were analyzed using one-way ANOVA with five drug
treatment levels (VEH or nor-MEPH 5 mg/kg or MEPH 2.5, 5,
and 20 mg/kg sc.) as a between-subjects factor. For the OFT,
the temporal pattern of locomotor activity was analyzed using a
5 x 6 mixed factorial ANOVA with drug treatment as a between
subjects factor and 5 min time blocks as a within subjects factor.
Only data from the 5 min testing-onset were used in this analysis
(because data for the 40 min testing-onset were not available for
all drug treatments).

Body Temperature
Data were analyzed using 3 X 2 X 13 mixed factorial design with
drug treatment (VEH or MEPH 5 or 20 mg/kg) and home-cage
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condition (singly- or group housed) as between subjects factors
and time (13 measurements) as a within subjects factor.

RESULTS

Pharmacokinetics

The maximum mean MEPH serum concentration (826.2 ng/ml)
was attained within 30 min. Influx into the brain was not evidently
delayed compared to serum; maximum mean concentration
in the brain tissue (767 ng/g) was also attained by 30 min after
the dose. MEPH robustly accumulated in lung: concentration at
30 min was 1,044.5 ng/g, exceeding concentrations in sera, brain,
and liver. Four hours after administration, the levels in sera and
all tissues were almost undetectable (Figure 1A).

The maximum mean nor-MEPH (metabolized from MEPH
in vivo; recall that nor-MEPH itself was not administered in
pharmacokinetic studies) serum concentration of 351.9 ng/ml
was attained within 1 h of treatment. The maximum mean con-
centration in the brain (197.1 ng/g) was also evident at 30 min.
Nor-MEPH accumulated in lung tissue with a maximum mean
concentration of 382.9 ng/g observed at 30 min. Six hours after
administration, nor-MEPH was only slightly above the level of
detection in all tissues and plasma (Figure 1B).

Mean brain: serum ratio was 1:1.19 for MEPH and 1:1.91 for
nor-MEPH throughout the whole temporal observation.

Behavior

Open Field Test

Analysis of locomotion revealed a main effect of drug treatment
[F (3, 72) = 24.754, p < 0.001], testing-onset [F (1, 72) = 72.042,
p < 0.001] as well as blocks [F (5, 360) = 101.67, p < 0.001]. All
interactions were significant, including the three-way drug x
testing-onset X blocks interaction [minimum F (15, 360) = 2.979,
p < 0.001]. The three-way interaction was explored further; at
the 5 min testing-onset, while the normal pattern of locomotor
habituation (i.e., a progressive decrease in activity over the session)
was evident in all groups, post hoc tests showed that all MEPH-
treated rats were hyperactive (compared to VEH) across the six

time blocks (p < 0.001) (Figure 2A). At the 40 min testing-onset,
elevated activity was no longer present (p > 0.05), although rats still
showed normal locomotor habituation (Figure 2B). Additional
analysis of total locomotion including nor-MEPH (5 min testing-
onset) confirmed a significant main effect of drug treatment [F (4,
45) = 27.699, p < 0.001], blocks [F (5, 225) = 50.171, p < 0.001],
and their interaction [F (20, 225) = 3.350, p < 0.001]. Post hoc
tests showed that nor-MEPH 5 mg/kg rats displayed elevated
activity (compared to VEH) across all six time blocks (p < 0.001)
(Figure 2A). For typical trajectory patterns induced by the treat-
ments see Figure 2C.

The effects of drug treatment, testing-onset, and their
interaction were each significant for both Temer [minimum
F (3,72) = 5.385, p < 0.01] and for thigmotaxis [minimum F (3,
72) = 6.792, p < 0.001]. Additional one-way ANOVA analyses
with nor-MEPH confirmed an effect of drug treatment on Teenter
[F (4, 45) = 26.845, p < 0.001] and thigmotaxis [F (4,
45) = 48.704, p < 0.001]. Post hoc tests showed that the 5-min
testing-onset, MEPH 2.5 and 5 mg/kg-treated rats spent more
time in the center (p < 0.001) compared to VEH. Thigmotaxis
was reduced after MEPH 5 mg/kg and nor-MEPH 5 mg/kg
(p < 0.001), and increased after MEPH 20 mg/kg (p < 0.001)
(Figures 3A,B). No such significant effects were observed at the
40 min testing-onset (data not shown). Finally, MEPH 5 mg/
kg treated rats spent more time in the center (p < 0.001) and
exhibited lower thigmotaxis (p < 0.001) at the 5 min compared
to 40 min testing-onset; this pattern was absent in the rest of the
groups (data not shown).

Prepulse Inhibition

Acoustic startle reaction was not affected by drug treatment or
testing-onset, or their interaction [maximum F (1, 72) = 3.322,
p > 0.05; see Table 1]. Analysis of habituation data revealed
a main effect of drug treatment [F (3, 72) = 3.345, p < 0.05];
post hoc tests revealed reduced habituation in MEPH 2.5 mg/kg
rats compared to VEH (p < 0.05); the other MEPH doses did
not differ from VEH. There was also a significant main effect
of testing-onset [F (1, 72) = 6.405, p < 0.05] manifested as
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FIGURE 2 | Open field test (OFT): mean trajectory length (divided into 5-min blocks) by testing-onsets [5 and 40 min; (A) and (B), respectively] and drug treatments
[vehicle controls (VEH), mephedrone (MEPH) 2.5, 5, and 20 mg/kg and nor-mephedrone (nor-MEPH 5 mg/kg)]. Compared to VEH, significant hyperactivity

(p < 0.001 for all drug groups and in all time blocks) was present at the 5-min testing-onset (A), however the treatment effects were no longer significant at the

40 min testing-onset (B). Error bars display +1 SEM. Picture inserts below (C) show typical trajectory patterns induced by the treatment in animals with 5-min
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FIGURE 3 | Mean time spent in the arena center [Toae. (A)] and mean probability of appearance in peripheral zones [thigmotaxis, (B)] after vehicle controls (VEH),
mephedrone (MEPH) 2.5, 5, and 20 mg/kg, and nor-mephedrone (nor-MEPH) 5 mg/kg administered at the 5-min testing-onset. MEPH 2.5 and 5 mg/kg-treated rats
spent significantly more time in the central zones compared to VEH, and thigmotaxis was decreased by MEPH 5 mg/kg and nor-MEPH 5 mg/kg, and increased by

VEH MEPH 2.5 mg/kg MEPH Smgkg MEPH 20 mgkg  nor-MEPH 5
mg/kg

reduced habituation at the 5 min testing-onset compared to
40 min. The drug treatment X testing-onset interaction was
not significant.

Since there were significant effects of drug treatment and
testing-onset on habituation, it was included as a covariate in PPI
analyses. PPI was not affected by the drug treatment or testing-
onset, while their interaction was significant [F (3, 71) = 3.483,
p < 0.05]. At the 40 min testing-onset, means suggested some
disruption of PPI (MEPH 5 and 20 mg/kg); however, post hoc
tests comparisons showed that differences from VEH were only

marginal (p = 0.062, p = 0.081, respectively). There were no clear
differences in means (eye-balling the data) at 5 min that seemed
likely to account for the significant interaction; since a further one-
way ANOVA was planned to explore effects of MEPH (alongside
nor-MEPH) on PPI, further post-hoc tests on the 5 min testing-
onset data were not conducted at this time. This additional one-
way ANOVA showed no significant effect of treatment (MEPH or
nor-MEPH) on PPI at the 5 min testing-onset [F (4, 45) = 0.696,
p > 0.05]; therefore, the marginal effects at 40 min must explain
the previous interaction. Similarly, there was no effect of MEPH
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TABLE 1 | Mean values of acoustic startle reaction (ASR) amplitude and percentage of prepulse inhibition (PPI) after vehicle controls (VEH), mephedrone (MEPH), and

nor-mephedrone (nor-MEPH) by testing-onsets (5 and 40 min).

Drug treatment

Measure Testing-onsets (min) VEH MEPH MEPH MEPH nor-MEPH
2.5 mg/kg 5 mg/kg 20 mg'kg 5 mg/kg
ASR 5 104.5 (14.3) 117.5(17.4) 1555 (32.7) 110.5 (14.2) 724 (11.5)
40 137.2 (20.0) 140.8 (26.4) 1446 (22.3) 173.9 (24.8) -
% PPI 5 36.8(5.4) 32.8(5.6) 31.1(6.2) 31.3(4.1) 30.2 (6.5)
40 41.3@3.7) 4114 (2.4) 251 (7.5) 28.4 (3.3) -

Numbers represent means and SEMs are shown in brackets. Differences between testing-onssts and drug treatments were non-significant.
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FIGURE 4 | Mean rectal temperature (*C) over 10 h after vehicle control (VEH), and mephedrone (MEPH) 5 and 20 mg/kg treatments for rats housed singly (A) or in
groups of five (B). Substances were administered at 09:00 h. Temperatures of rats treated by 5 mg/kg did not differ from VEH, except for the short-term elevation in
the first 30 min after the administration in group-housed rats. The increase induced by 20 kg/kg was maintained from 10:00 to 12:00 h in singly housed rats and
from 09:30 to 11:00 h in group-housed rats. Error bars display +1 SEM. "p < 0.05, *p < 0.001 compared to VEH.
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or nor-MEPH on ASR [F (4, 45) = 2.454, p > 0.05] or habituation
[F (4,45) = 1.912, p > 0.05] at the 5-min testing-onset.

Body Temperature

Rectal temperature was significantly affected by drug treatment
[F (2, 54) = 9.409, p < 0.001] and time [F (12, 648) = 124.560,
p < 0.001] but not home-cage condition [F (1, 54) = 0.127,
p > 0.05]. All interactions were significant including the three-
way drug treatment X time X home-cage interaction [minimum F
(12, 648) = 2.406, p < 0.010]. Post-hoc tests revealed no significant
differences between MEPH 5 mg/kg and VEH groups, except
the elevation (~0.5°C) which occurred in the first 30 min after
administration in group-housed rats (p < 0.05). Compared to
VEH, MEPH 20 mg/kg induced modest elevation (~0.4°C) in
singly-housed rats that appeared in the first 30 min after admin-
istration; however, it became statistically significant 30 min later
and the effect was maintained for the next 2 h (~1°C; minimum
p <0.001). In group-housed rats, the elevation became significant
within first 30 min and remained increased for next 2 h (~1°C;
minimum p < 0.001)—Figure 4.

DISCUSSION

Mephedrone quickly peaked in the serum and was rapidly
incorporated into all tissues, with lungs showing the highest

concentrations and liver the lowest. MEPH was almost undetect-
ablein serum and tissue by 4 h after its administration. Nor-MEPH
had a similar profile; however the concentrations of nor-MEPH
decreased more gradually in comparison to the parent drug (with
MEPH, a steep decrement occurred immediately after the peak).
Therefore, compared to MEPH, the elimination of nor-MEPH
was slightly delayed. Acute administration of both compounds
resulted in dose-dependent stimulatory effects, disrupted habitu-
ation, and altered the spatial distribution of locomotor behavior
in the open field; however, there was no significant effect on PPL
MEPH induced dose- and environment-dependent increases in
rectal temperature (of up to ~1°C) in both group-housed rats
(as expected), but also in singly housed rats, where temperature
remained elevated for 3 h after administration of the highest
MEPH dose.

Pharmacokinetics

In their study with iv. administration, Aarde et al. (29) showed
that MEPH peaked in the brain within 2 min; since the most
pronounced locomotor effects in our study were present within
5-10 min of administration, it is likely that the peak concen-
tration in serum also occurred earlier than suggested by our
pharmacokinetic study (where the first measurement was at
30 min after the sc. administration). As expected, we detected the
highest serum levels of both compounds in our dataset slightly
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earlier compared to oral administration, where MEPH peaked in
serum within 45 min-1.5 h after administration (48). The speed
of crossing the blood-brain barrier by MEPH implied by our
current results was consistent with Aarde et al. (29); as shown by
others (20), MEPH easily crosses blood-brain barrier and, thus,
influx into brain and lung tissues is most likely due to its lipophilic
profile. This finding is also consistent with the pharmacokinetics
of another ring-substituted cathinone, methylone (39) as well as
with the phenethylamines 2C-B and PMMA, aminoindanes such
as MDAI where highest tissue concentrations were detected in
lungs and brains (41, 49, 50). Not surprisingly, since nor-MEPH
is not the only one major metabolite, it reached lower overall
serum and tissue levels than the parent drug and the slope of its
elimination was less steep, resulting in higher serum and brain
concentrations compared to MEPH 3 h after its administration.
One possible explanation could be the slightly higher polarity of
nor-MEPH leading to slower crossing of the blood-brain barrier
(30) and, theoretically, nor-MEPH may, therefore, be responsible
for some delayed or prolonged effects of MEPH.

Behavioral Effects: Open Field and PPI

In line with pharmacokinetics, locomotor stimulant effects
declined quickly, so MEPH and nor-MEPH lacked any significant
stimulatory effects 40 min after administration. The rapid action
of MEPH observed here is in line with other rodent studies (23,
28, 30) and reports from human users (10). Since MEPH and
nor-MEPH have both been shown to act on DAT (23, 30), it is
most likely the underlying cause of these effects (51). MEPH
and nor-MEPH seemed to be behaviorally equipotent. The fact
that the effects lasted a very short time (due to fast kinetics) may
increase the likelihood of re-dosing by humans and, together
with its strongly reinforcing effects (shown in self-administration
studies), indicates highly addictive characteristics (10).

Spatial characteristics of the trajectory after MEPH showed
bi-directional effects dependent on the dose used. While increased
exploration of the central zones following lower doses might
imply decreased anxiety, increased thigmotaxis following the
highest dose could suggest the opposite (52, 53). Compared to our
findings, studies measuring anxiety using the elevated plus-maze
(EPM) revealed contradictory results including either increased
anxiety after acute treatment with low doses [0.25-10 mg/kg
(54)], or no effect after sub-chronic MEPH treatment with very
high doses (30 mg/kg twice a day) (55, 56). Direct comparison
of anxiety measures in the OFT versus EPM, however, may be
difficult. While some authors report a good comparability (57)
others have questioned this (58). In our study, spatial trajectory
characteristics may be also affected by other mechanisms, such
as increased stereotyped behaviors (e.g., circling the perimeter of
the arena) such as was also observed in our previous studies with
other related compounds (38, 41, 47).

In accordance with previous research (31), we did not see any
significant effect of acute MEPH or nor-MEPH on PPL. When our
data are compared with similar data sets from phenethylamines,
cathinones and aminoindanes performed in our laboratory, it is
evident that that the more serotonergic the drug is [e.g., according
to their DAT: SERT inhibition ratios (20)], the more pronounced
the disruptive effect on PPI. While MDMA, PMMA, and MDAI

significantly disrupted PPI at the lowest doses used (35, 38, 41),
which have mild-to-moderate stimulatory effects and do not
induce stereotyped circling in the OFT, amphetamine and MDPV
was effective only at the highest dose used where stereotyped
behaviors were also evident [(37); unpublished observation
Horsley et al.]. MEPH has also shown some activity at 5-HT:a
receptor (20), however, it is not clear whether it acts as agonist
or antagonist. In relation to this, disruption of PPI is typically
seen after administration of various 5-HT5, agonists, serotoner-
gic hallucinogens, such as LSD, mescaline, psilocybin, 2C-B or
DOI, etc., and it is known that antagonists at this receptor can
reinstate normal PPI (37, 59-63). Similarly, MDMA-induced PPI
deficits in rats can be also normalized by 5-HT2A antagonists
(64, 65), therefore suggesting a role for this receptor subtype in
PPIL; if MEPH acts as an antagonist at 5-HT2A receptors, this
might theoretically be protective against psychomimesis.

Temperature

The hypothesis that MEPH, such as other cathinones (7), has a
potency to alter thermoregulation was supported by evidence in
our study. It is in line with reports of recreational users suffering
from adverse effects related to altered peripheral thermoregula-
tion, such as cold-blue fingers, hot flushes, and/or intensive
sweating (9, 26). Likewise comparable preclinical studies [for
review, see Green et al. (7)], we observed significant hyperthermia
in both singly housed as well as group-housed rats under normal
room temperature (22 + 2°C). In contrast to our expectations, the
temperature increase was almost identical (~1°C) in both groups
but had slightly longer duration in singly housed rats. A possible
explanation might be the faster onset of the temperature increase
in the group-housed animals, where aggregation of animals in
one cage would increase the microclimate temperature and in
turn increase the speed of metabolism. The persistence of the
temperature increase (3 h in singly housed rats), surprisingly, did
not correspond with the rapid pharmacokinetic and locomotor
profile of MEPH. Therefore additional factors, such as other
active metabolite/s, may contribute to this prolonged effect and
may indicate a potential for prolonged somatic drug toxicity, as
in the case of toxic MDMA metabolites (66). In general, ther-
moregulation is mainly affected by drugs that primarily target
serotonergic system [e.g., MDMA, PMMA, or MDAI (38,41, 67)].
Dopaminergic stimulants may also increase body temperature (by
increasing the behavioral activity), but effects are not as robust as
with serotonergics (7). Direct comparisons of MEPH with other
related cathinones, methylone 20 mg/kg sc., and MDPV 2 mg/kg
sc. tested in our laboratory shows that the temperature increase
was similar [(39); unpublished observation Horsley et al.]. This
is of interest since the stimulant activity relative to the potency
of the drug (DAT inhibition) should be approximately the same;
however, the inhibition of SERT is much lower compared to DAT,
and in the case of the lower MPDV dose would be approximately
five times less effective (inhibiting SERT) than with MEPH or
methylone (20). Taken together with the fact that the temperature
increase was more prolonged in singly- than in group-housed
rats and that it did not exceed 40°C, we suggest that increases in
the overall behavioral activity relevant to dopaminergic stimula-
tion are responsible for the hyperthermia observed. However,
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against this interpretation, locomotor activation disappeared
within 40 min of administration which is not consistent with the
prolonged temperature increases. Further experiments will be
needed in order to explain these discrepancies.

CONCLUSION

To conclude, both MEPH and nor-MEPH had rapid kinet-
ics with accumulation in lungs and behaved as short-acting,
potent stimulants with low capacity to disrupt sensorimotor
gating. Dissociation between the duration of behavioral and
hyperthermic effects may be due to the presence of another
active metabolite with slower pharmacokinetic profile and may
be indicative of prolonged risk of somatic toxicity even though
acute stimulant-like effects have already worn off.
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Objectives: Aminoindanes (“bath salts,” a class of novel psychoactive substances,
NPSs) increased rapidly in popularity on the recreational drug market, particularly after
mephedrone and other synthetic cathinones were banned in the UK in 2010. Novel
aminoindanes continue to emerge, but relatively little is known about their effects and
risks. Their history, chemistry, pharmacology, behavioral effects, pharmacokinetics, and
toxicity are reviewed in this paper.

Methods: Scientific literature was searched on ISI Web of Knowledge: Web of Science
(WoS) during June and July 2017, using English language terms: aminoindanes
such as b5,6-methylenedioxy-2-aminoindane (MDAI), 5-iodo-2-aminoindane (5-1Al),
2-aminoindane (2-Al), 5,8-methylenedioxy-N-methyl-2-aminoindane (MDMAI), and
5-methoxy-6-methyl-2-aminoindane (MMAI). WoS was selected as it searches several
databases simultaneously and has quality criteria for inclusion. For typical use and
effects, Erowid, PsychonautWiki, Bluelight, and Drugs-Forum were searched; for legal
status and epidemiology, the European Information System and Database on New Drugs
(EDND) was used.

Results: Aminoindanes were first synthesized for medical use, e.g., as anti-Parkinsonian
drugs and later as a potential compound facilitating psychotherapy; however, they are
now widely substituted for ecstasy. Their mechanisms of action (primarily via serotonin)
mean that they may pose a significant risk of serotonin syndrome at high doses or
when combined with other drugs. Fatally toxic effects have been observed both in the
laboratory in animal studies and in clinic, where deaths related with aminoindanes have
been reported.

Conclusion: Greater knowledge about aminoindanes is urgently required to decrease
risks of fatal intoxication, and appropriate legislation is needed to protect public health
without impeding research.

Keywords: aminoindanes, 5,6-methylenedioxy-2-aminoindane, 5-iodo-2-amincindane, 2-aminoindane,
5,6-methylenedioxy-N-methyl-2-aminoindane, 5-methoxy-6-methyl-2-aminoindane

INTRODUCTION

During the past decade, there has been a dramatic increase in the number and variety of novel
psychoactive substances (NPSs) available on the illicit and gray drug markets (particularly via the
Internet and “dark web”). In 2014, the number of NPSs boomed with 101 new compounds detected.
In 2016, approximately one new NPS per week was identified, and the European Monitoring Centre
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for Drugs and Drug Addiction (EMCDDA) was monitoring
more than 620 NPSs (1). One of the first NPSs that became
widely used recreationally was the cathinone derivative mephe-
drone (4-MMC, 4-methylmethcathinone), marketed at the
time as a “legal” substitute for ecstasy (MDMA, 3,4-methylen-
edioxymethamphetamine) and cocaine, sharing effects of both
(2). Mephedrone and other cathinones such as methylone (Bk-
MDMA, 3,4-methylenedioxy-N-methcathinone) and butylone
(Pk-MBDB, p-keto-N-methylbenzodioxolylbutanamine) were
initially sold as, e.g., “bath salts” or “plant food,” labeled “not for
human consumption.” Mephedrone became very popular due to
its low price, high purity, and “legality” and, in the UK, it rapidly
became as widespread as cocaine (3). In 2009 and 2010, the UK
government placed piperazine derivatives, mephedrone, and
other related cathinones under legal control (4), which resulted
in theirimmediate replacement with new structural analogs and
with a new class of NPSs: synthetic aminoindanes. One of the
first was 5,6-methylenedioxy-2-aminoindane (MDAI), which
claimed to be a “legal” non-neurotoxic analog of MDMA,
with strong empathogenic and weaker stimulatory effects (5).
Aminoindanes such as MDAI, 5,6-methylenedioxy-N-methyl-
2-aminoindane (MDMAI), 5-iodo-2-aminoindane (5-IAI),
2-aminoindane (2-AI), 5-methoxy-6-methyl-2-aminoindane
(MMAI), and 5-methoxy-2-aminoindane (MEAI) represent
a relatively new generation of NPS. Cases of acute toxicity,
including fatal poisoning, have been reported with their use
(6). Only minimal reliable information on aminoindanes exists
at present and, owing to their increasing popularity, the present
brief review is timely. The paper summarizes the history of their
creation, therapeutic potential in medical research and subse-
quent discovery by recreational drug users, their pharmacology,
behavioral effects, pharmacokinetics, and toxicity.

METHOD

ISI Web of Knowledge: Web of Science (WoS) was searched during
June and July 2017. WoS was selected because it simultaneously
searches other databases such as PubMed and ScienceDirect, and
includes quality criteria for inclusion (e.g., peer review). Keywords
(usedseparatelyandin combination)wereasfollows:aminoindane,
MDAI, 5,6-methylenedioxy-2-aminoindane, 5-IAI, 5-Iodo-2-
aminoindane, 2-aminoindane, MDMAI, 5,6-Methylenedioxy-
N-methyl-2-aminoindane, MMAI, 5-Methoxy-6-methyl-2-
aminoindane. Full empirical/review articles containing relevant
information about aminoindanes written in the English language
were included; no date limits applied (Figure 1). When suitable
articleswerefound, citation searches were also conducted. Forsub-
jective effects, typical use and doses, Erowid,' PsychonautWiki,
Bluelight,’ and Drugs-Forum* (Internet discussion fora and
wikis) were searched using the same search terms as above.
Information about legal status and availability of aminoindanes
in the European Union (EU), the EDND was consulted via the

'https://www.erowid.org/.
*https://psychonautwiki.org/.
*http://www.bluelight.org/.
*https://drugs-forum.com/.

senior author, Dr. Palenicek, through the “Working group: Early
warning system on new drugs,” National Monitoring Centre for
Drugs and Addiction, Czech Republic.

RESULTS
Chemistry

2-aminoindane is an amphetamine (AMPH) analog with a rigid
conformation due to a bridge between the w-carbon and the
aromatic ring (8). In the 1990s, Nichols et al. synthesized cyclic
analogs of 3,4-methylenedioxyamphetamine (MDA), MDMA,
3-Methoxy-4-methylamphetamine (MMA), and p-iodoamphet-
amine (PIA) containing the 2-AI compound. Their procedures
for synthesizing aminoindanes were well described (9-13).
NPSs synthesized from the substances listed above are MDALI,
MDMAI, MMALI, and 5-IAI (Table 1); all of these are psycho-
active and their presence on the market has been confirmed in
confiscated samples of “legal highs” (14). The EU Early Warning
System® and the United Nations Office on Drugs and Crime
(UNODC) Early Warning Advisory (EWA) on New Psychoactive
Substances® have reported additional novel substances with
an aminoindane structure, such as NM-2AI (N-methyl-2-
aminoindane), 1-AlI (1-aminoindane), and a fenfluramine analog
ETAI (N-ethyl-5-trifluoromethyl-2-aminoindane); however,
there is currently no scientific information available about these
compounds.

Origins of Aminoindanes in

Pharmacological Research

Owing to an amino group, aminoindanes are potentially
vasoactive and bronchodilatory, which was the main focus
for their initial development (15, 16). Since the chemical
structure of aminoindanes is similar to that of AMPHs (owing
to the presence of the phenethylamine skeleton), there was a
strong assumption that aminoindanes would have the same
bronchodilatory effect as ephedrine. Therefore, Levin et al. (17)
evaluated the bronchodilatory and toxic effects of 2-Al and its
N-substituted derivatives in the rat. 2-AI hydrochloride given
intravenously showed less toxicity than AMPH hydrochloride,
and 2-Al derivatives were more effective bronchodilators as
compared with L-ephedrine. Aminoindanes have also been
studied for their analgesic potency (comparable to morphine
sulfate)—potency to increase blood pressure, respiration, and
spinal reflexes (18, 19).

Based on Kier’s receptor mapping technique (20)—a drug
discovery method where the distance between oxotremo-
rines’s heteroatoms and dopamine’s heteroatoms in reported
conformations is similar—Martin et al. (21) designed and
synthesized a series of aminoindanes with the intention to
invent an anti-Parkinsonian drug. Although none of the
resulting substances antagonized Parkinsonian-like symptoms
(in a model of oxotremorine-induced tremors) nor showed
any dopaminergic properties in mice, some of the molecules

*http://www.emcdda.europa.eu/themes/new-drugs/early-warning.
Chttps://www.unodc.org/LS5/Home/NPS.
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FIGURE 1 | PRISMA flowchart visualization of the search and selection process. Adapted from Moher et al. (7).

showed monoamine oxidase (MAQO) inhibition and analgesic
activity. Therefore, they investigated molecules with higher
MAO-inhibiting potential in vivo and identified a candidate
molecule N-methyl-5-methoxy-1-indanamine in mice. The
authors concluded that the size of amine substituent and
position of methoxyl substitution are most important for their
biological activity (22).

Kalir et al. (23) examined the inhibitory action of substances
containing aminoindanes on brain mitochondrial MAO type A
and B, to ascertain MAO B inhibitors” anti-Parkinsonian poten-
tial. Two irreversible, selective-type MAO B inhibitors were
identified: AGN-1133 (N-methyl-N-2-propynyl-1-indanamine
hydrochloride) and AGN-1135 (N-propargyl-1R-aminoindane).
AGN-1135 showed greater selectivity in vitro and in vivo, with
no central nervous system, cardiovascular, or sympathomimetic
effects and was eventually patented as a Parkinson’s disease
treatment (US patent no. 5457133A; US patent no. 5387612A;
US patent no. 5453446A), known as rasagiline (24). The key

difference between rasagiline and its analog selegiline is that
rasagiline’s major metabolite is aminoindane, whereas selegi-
line metabolizes to L-amphetamine and L-methamphetamine
(24, 25). Therefore, no AMPH-like adverse effects are seen after
rasagiline.

Aminoindanes-A Unique Drug Class

with Entactogenic Properties

Contemporary research has focused on the psychoactive effects
of substituted 2-Als (9-13, 26-31). In their earlier work, Nichols
et al. (32) proposed a new class of therapeutic psychoactive
substances “entactogens,” which were neither hallucinogens nor
psychostimulants; instead, they facilitated communication and
introspection, and were argued to be valuable agents in psycho-
therapyand potentially powerful tools for understanding the neu-
rochemistry of emotion (27). To begin with, entactogens included
MDMA, MDA, and 3,4-methylenedioxy-N-ethylamphetamine
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TABLE 1 | Chemical structures and names, International Union of Pure and Applied Chemistry (IUPAC) names of amphetamine, MDMA, MDA, 2-amincindane, and its

derivatives with psychoactive effects.

Structure Name Chemical name

IUPAC name

Amphetamine, AMPH, Speed

Alpha-methylphenethylamine

|-phenylpropan-2-amine

MDMA, Ecstasy, Molly, X, XTC

3,4-methylenedioxymethamphetamine

I-(1,3-benzodioxol-5-yl}-N-methylpropan-2-amine

@/\r NH;
H
0 N..
CIJY
(o]
<0 jg/\r NH MDA 3,4-methylenedioxyamphetamine I-(1,3-benzodioxol-5-yl)propan-2-amine
o]
©:>’ 2-Al 2-aminoindane 2,3-dihydro-1H-inden-2-amine
NH:
/@_ 5-1Al 5-lodo-2-amincindane 5-iodo-2,3-dihydro-1H-inden-2-amine
NH:
|
<0 m " MDAI 5,6-methylenadioxy-2-aminoindane 6,7-dihydro-5H-cyclopenta[f][1,3]benzodioxol-6-amine
H:
(n]
o N MDMAI 5,6-methylenadioxy-2-methylaminoindane  N-methyl-6,7-dihydro-5H-cyclopentalf][1,3]
<C = benzodioxol-6-amine
m MMAI 5-methoxy-6-methyl-2-amincindane 5-methoxy-6-methyl-2,3-dihydro-1H-inden-2-amine
R NH.
(o]

(MDEA), and later, related novel compounds such as 1,3-ben-
zodioxolyl-N-methylbutanamine (MBDB) and MDAI were
synthesized. Since MDMA and its analogs (MDA, MDEA) had
been widely abused by recreational drug users and serotonergic
neurotoxicity was identified, Nichols et al. refocused on the
preparation of non-neurotoxic analogs of MDMA. The result was
the description, for the first time, of these novel “entactogenic”
compounds (27, 32).

Nichols et al. (9) described effects of MDAI on catecho-
lamines and serotonin (5-HT), measured metabolite levels,
and determined the affinity (Kp) and number of binding sites
(Bmax) for 5-HT transporter (SERT) (in rat brain cortical resp.
hippocampal homogenates) measured 1 week after subcutane-
ous (s.c.) administration of 40 mg/kg MDAI. After 1 week of
recovery, there were no significant changes in levels of any of the
measured neurotransmitters or SERT compared with controls;
by contrast, significant reductions in the neurotransmitter levels
and SERT were induced by MDMA. No changes in Kp and Bmax
were observed, indicating no detectable 5-HT neurotoxicity or
5-HT terminal degeneration. However, drug discrimination
experiments with MDMA-trained rats showed that MDAI
fully substitutes for MDMA and that MDAI and MDMAI were
observed to completely substitute for another MDMA-like drug
MBDB (10). It was concluded that both drugs have MDMA-like
behavioral pharmacology but without lasting 5-HT neurotox-
icity following an acute, very high dose. However, the effects
of chronic administration of MDAI (most drugs, whether for
medical or recreational purposes are taken on multiple occa-
sions) were not investigated until much later, and research on

the chronic effects of aminoindanes, including MDALI, is still
lacking.

A study on in vitro monoamine reuptake inhibition (using
rats’ synaptosomes) identified MDALI as a highly potent inhibi-
tor of 5-HT and dopamine (DA) reuptake rather than causing
non-vesicular DA release. 5-IAI and MMAI were subsequently
evaluated, both of them increased non-vesicular release of
5-HT, DA, and norepinephrine (NE), but MMAI had 100- and
50-fold selectivity for 5-HT over DA and NE uptake inhibition,
indicating that it is a very selective serotonergic releaser (28).
Inthemonoaminereuptaketransporterinhibitiontestperformed
on HEK 293 (human embryonic kidney 293) cells, MDAT’s
ability to preferentially inhibit the NE transporter (NET) and
SERT over the DA transporter (DAT) was confirmed, with an
approximately twofold lower potency compared with MDMA.
The other aminoindane tested, 5-IAI, showed a similar pattern/
ratio of inhibitory action at NET/SERT/DAT. 2-AI selectively
inhibited just NET, and for SERT and DAT it has low potency.
Apart from inhibitory actions on transporter molecules, ami-
noindanes have been shown to cause transporter-mediated
release (reverse transport) of monoamines: MDAI released
5-HT and NE, 5-IAI released 5-HT and DA, and 2-AI released
NE and DA (33).

The pharmacokinetics of MDAI in Wistar rats have been
described in our recently published paper (34). Tissue samples
were collected after a single bolus of MDAI (10 mg/kg, s.c.) at
intervals of 30, 60, 120, 240, and 480 min after administration.
Separated sera, whole brains, livers, and lungs were analyzed.
MDAI showed fast and high influx into the brain; the drug

Frontiers in Psychiatry | www.frontiersin.org

MNovember 2017 | Volume 8 | Article 236


http://www.frontiersin.org/Psychiatry/
http://www.frontiersin.org
http://www.frontiersin.org/Psychiatry/archive

Pinterova et al.

Synthetic Aminoindanes: A Summary of Existing Knowledge

was accumulated in lungs where the concentration exceeded
the concentration in the brain by approximately 30% (~30 vs.
18 pg/g, respectively) indicating its high-lipid solubility (34).
When compared with s.c. MDMA in Sprague-Dawley rats (35),
the kinetic profile of MDALI is much faster and its storage profile
is similar to PMMA or 2C-B (36, 37). These results can be associ-
ated with potential selective MDAI neurotoxicity, exacerbated by
combination with other drugs (6).

Subjective Effects and Acute Behavioral
Studies

Very little is known about acute behavioral effects of aminoin-
danes in animal studies. We described acute behavior in Wistar
rats after MDAI administration. Three different s.c. doses of
MDAI (5, 10, 20, and 40 mg/kg) administered (at two testing
onsets 15 respectively 60 min) prior to open field test (OFT)
and prepulse inhibition test (PPI) were examined to evaluate
effects on locomotor activity and sensorimotor gating. At all
doses used, MDAI showed a disruptive effect on sensorimotor
gating and, most evidently, at testing onset 15 min. The same
disruptive effect on PPI can be seen after MDMA, AMPH or
other psychoactive drugs (37), and it is related to changes in
sensory filtering of information due to manipulation with
DA and 5-HT levels in brain (38). These changes may alter
information processing and induce a schizophrenic state (39).
MDATI increased trajectory length in a dose-related manner, but
not dramatically. MDAI has short-acting, slightly stimulatory
and anxiolytic effects (34). In another animal model, in Swiss-
Webster mice, Gatch et al. (40) examined the effect of MDAI
[1, 3, 10, and 30 mg/kg; administered intraperitoneally (i.p.)]
on locomotor activity. Lower MDAI doses produced a rapid
onset of locomotor depression and at higher doses, a slower
onset of locomotor stimulation was observed, but it was longer
lasting. These findings suggest that although MDAI affects
DA and stimulation, this is not a strong effect. This can lead
users to combine MDAI with other drugs with stimulatory
potency.

Since no clinical trial has yet been performed in humans
with recreational aminoindanes, information about subjective
effects and health risks comes from subjective personal experi-
ences shared on drug website platforms, wikis, and discussion
fora. Based on users reports on PsychonautWiki, Erowid,
Drugs-Forum, and Bluelight, MDAI and 5-IAI effects are mainly
euphoria, empathy, stimulation (not the case with MDATI), and
cognitive enhancement. The adverse effects described by users
include dehydration, increased perspiration, anxiety, depression,
panic attacks, and tachycardia. Several routes of administration
have been reported from insuftlation, oral ingestion to rectal
application. The latter has the fastest onset of effects. Smoking
and injecting have not been described (6, 41, 42). The onset of
subjective psychoactive effects is reported to be around 30 min
and their peak varies from 45 min up to 3 h after being taken
orally. The wide time-window for peak effects after oral use could
be caused by different product purities (6, 43): administration
routes and factors influencing absorption (e.g., with oral con-
sumption, food in the digestive tract). Users’ “recommended”
dose for a mild MDAI effect is 100-150 mg, for 2-Al it is

10-20 mg orally (43, 44). The doses of 5-IAI in trip reports are
approximately 100 mg orally for a mild effect (45).

Toxicity and Health Risks

Palenicek et al. (34) examined an acute toxicity including median
lethal dose (LDs). The highest dose of MDAI (40 mg/kg) showed
50% greater locomotion activity compared with 20 mg/kg dur-
ing the onset of its action; however, animals rapidly began to
hyperventilate and showed signs of serotonin syndrome (intense
perspiration, copious salivation, and seizures). In total, 100% of
the rats died within 15 min of administration. This was unex-
pected, since Nichols et al. (9) had previously used this dose and
route, and did not report adverse effects or fatalities. While for
s.c. administration the LDsp was 28.3 mg/kg and i.v. 35 mg/kg,
for oral administration all rats survived 40 mg/kg (34). The
autopsy and histologic evaluation of tissues of deceased animals
confirmed serotonin syndrome as a causal factor in death, with
disseminated intravascular coagulopathy and brain edema
implicated. Gatch et al. (40) tested MDALI at 100 mg/kg, with a
similar outcome to Palenicek et al. (34): this dose was lethal for
all mice. Experiments on thermoregulation clearly showed that
MDAI dramatically increased body temperature accompanied
by profound perspiration, particularly when administered to rats
housed in groups. This, along with the other findings from this
study, suggests a potentially higher risk of serotonergic toxicity
when the drug is used by humans in settings such as clubs or
rave/dance parties, where ambient temperatures are increased
due to crowding.

Since recreational users take these ecstasy-like drugs fre-
quently in the environment of rave/dance parties for euphoric
and entactogenic effects but also to enhance their abilities to
dance for long periods, many users desire stimulatory effects.
However, in the case of aminoindanes, where primary activity
is on the 5-HT system, stimulation is limited. This often leads
users to consume aminoindanes in larger doses (to increase the
DA release) or in drug cocktails with stimulants such as AMPH,
cocaine, or MDMA to potentiate the stimulatory properties of
the drug. In these combinations, when 5-HT-ergic substances
potentiate DA-ergic substances, an unexpected neurotoxicity
and cardiotoxicity may occur (6, 31). Tormey and Moore (46)
reported a steady increase in deaths in Ireland from 9 in 2004 to
47 in 2009 from the drug category that includes NPSs (but also
includes substances such as solvents); by contrast, their data for
cocaine, stimulants, and hallucinogen deaths suggest a peak in
2007, followed by a decline (which would be accounted for if
“classic” drugs were being replaced by NPSs). MDAI has been
related to renal failure, acute respiratory distress syndrome,
hepatic failure, and increased risk of primary pulmonary hyper-
tension or valvular heart disease (47). Furthermore, MDAI-
related deaths have been reported: a 17-year-old woman died
of cardiac arrest with postmortem toxicological tests detecting
MDAI at a concentration of 26.3 mg/L and an ethanol concentra-
tion of 14 mg/dL. No other drugs or metabolites were detected.
In the other two deaths (men aged 35 and 28), the postmortem
toxicology showed MDAI along with AMPHs, MDMA, ligno-
caine, etc., and ethanol (6). A 27-year-old man was successfully
resuscitated by paramedics but died in hospital the following
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day, with edema of the brain and lungs, aspiration pneumonia,
blood-congested internal organs (and MDAI concentrations of
38 pg/L in peripheral blood and 1800 pg/L in urine 6 h before
death) (48). Two 5-IAI and 2-AlI fatalities were reported between
2010 and 2012, with one case each (49).

Legal Status

At the time of writing, only a few aminoindanes are controlled
in some parts of the EU. 2-Al is controlled in Croatia, Denmark,
Estonia, Finland, Hungary, Lithuania, Poland, and Portugal.
MDALI is controlled in Cyprus, Czech Republic, Denmark,
Estonia, Finland, Hungary, Italy, Lithuania, Portugal, and
Sweden. 5-IAI is controlled in Finland, Hungary, Lithuania, and
Portugal. For instance, the UK has not specifically restricted
aminoindanes yet (4).

CONCLUSION

Although there are some existing studies focusing on MDAI,
more research should be performed on the behavioral effects
and toxicity of this substance. As we have shown in this review,
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Abstract

Naphthylpyrovalerone (naphyrone) is a pyrovalerone cathinone that potently inhibits
monoamine transporters and provides stimulatory-entactogenic effects. Little is
known about the safety of naphyrone or its effects in vivo, and more research is
needed to acquire knowledge about its fundamental effects on physiology and
behaviour. Our objective was to investigate naphyrone's pharmacokinetics, acute
toxicity, hyperthermic potential and stimulatory and psychotomimetic properties
in vivo in male Wistar rats. Pharmacokinetics after 1 mg/kg subcutaneous (sc.)
naphyrone were measured over 6 h in serum, the brain, liver and lungs. Rectal tem-
perature (degree Celsius) was measured over 10 h in group—versus individually
housed rats after 20 mg/kg sc. In the behavioural experiments, 5, 10 or 20 mg/kg of
naphyrone was administered 15 or 60 min prior to testing. Stimulation was assessed
in the open field, and sensorimotor processing in a prepulse inhibition (PPI) task. Peak
concentrations of naphyrone in serum and tissue were reached at 30 min, with a
long-lasting elevation in the brain/serum ratio, consistent with observations of lasting
hyperlocomotion in the open field and modest increases in body temperature.
Administration of 20 mg/kg transiently enhanced PPl. Naphyrone crosses the blood-
brain barrier rapidly and is eliminated slowly, and its long-lasting effects correspond
to its pharmacokinetics. No specific signs of acute toxicity were observed; therefore,
clinical care and harm-reduction guidance should be in line with that available for

other stimulants and cathinones.

KEYWORDS
locomotion, naphyrone, novel psychoactive substance, pharmacokinetics, prepulse inhibition,
thermoregulation
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1 | INTRODUCTION

Addiction Biolog

Naphthylpyrovalerone (1-naftalen-2-yl-2-pyrrolidin-1-ylpentan-1-on),
more commonly known as naphyrone, is a pyrrolidine-containing
pyrovalerone cathinone that is still readily available to buy for
‘recreational’ use, despite being banned in many countries.?
According to users, subjective effects tend to be manifested at lower
doses of naphyrone (20-35 mg) than for amphetamine (30-65 mg)
and the popular drug ecstasy (3,4-methylenedioxymethamphetamine
[MDMA]) (75-125 mg) but higher than for the related pyrovalerone
cathinone methylenedioxypyrovalerone (MDPV) (8-15 mg).2 The sub-
jective effects of naphyrone are typical of novel psychoactive sub-
stances (NPSs) with a mixed profile, involving feelings of empathy,
elevated mood/euphoria and physical and mental stimulation, which
develop within minutes and last for 6 to 12 h.3

Naphyrone acts as a triple monoamine inhibitor, inhibiting the
norepinephrine transporter (NET), then the dopamine transporter
(DAT) as well as potently inhibiting the serotonin transporter (SERT),
albeit to a lesser extent: all ICsopM values < 1477 In HEK 293 cells,
naphyrone's DAT/SERT inhibition ratio is 2.0 (DAT ICso = 0.47 pM,
SERT IC5q = 0.96 pM). By comparison, the ratio for ecstasy (MDMA)
in HEK cells is 0.08, cocaine is 3.17 and one of the most potent
stimulant-like pyrovalerone analogue MDPV's is reported to be as
high as 100 to 300.7%2 Other well-known cathinones such as
mephedrone and methylone act as substrate releasers (as well as
inhibitors) at transporter sites; however, naphyrone, like MDPV, does
not induce a transporter-mediated release.” Taken together,
naphyrone's general pharmacological profile suggests cocaine-like
characteristics, with stimulatory effects more prominent, which may
predict high abuse potential.”°

In the present study, concentrations of naphyrone in serum as
well as in brain, liver and lung tissue were measured over 6 h. Based
on its known high lipophilicity,* rapid transition of naphyrone concen-
trations from serum to brain was expected indicative of a rapid pene-
tration of the blood-brain barrier,” as well as drug accumulation in the
liver and particularly in the lungs, as with MDPV.11

Naphyrone, like other cathinones, can result in poisoning and
overdose manifested as sweating, hyperthermia, arterial constriction
with cold tachycardia,
restlessness/insomnia, anxiety, hallucinations and seizures.

extremities, hypertension,

12-14 A
case of acute sympathomimetic toxidrome has been described.'®
Environmental crowding and hotter ambient temperatures can exacer-
bate drug-induced hyperthermia, which has been demonstrated in
cathinones, including MDPV, which modestly increases brain and
body temperature in rodents and under conditions of social interac-
tion and high ambient temperatures.®>~Y In the present study, the
effect of 20 mg/kg of naphyrone on thermoregulation was tested with
the prediction that naphyrone would result in elevated body tempera-
ture, particularly in group-housed rats.

18,19 and

Locomotor stimulation in rodents after pyrovalerone
MDPV has been reported.?®-?2 However, there is only one predinical
behavioural study of naphyrone. This shows time- and dose-

dependent increases in locomotion in mice after 3, 10, 30 or
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100 mg/kg intraperitoneally (ip..2® At the time of our experiments,
these results had not been published yet, and there are no data for a
rat model. We tested the locomotor stimulatory effects of naphyrone
(5, 10 or 20 mg/kg subcutaneously [sc.]) in the open field.

Prepulse inhibition (PPI) of the acoustic startle response (ASR) is a
behavioural measure of sensorimotor processing.?* PPl disruption
often reflects the psychotomimetic properties of drugs and is a behav-
ioural endophenotype of schizophrenia.?® In humans, naphyrone use
can result in psychotic symptoms such as paranoia and hallucina-
tions.*® Naphyrone's effect on PPl has never been tested; however,
because MDPV moderately disrupted PPl in rats,'* we can expect
naphyrone to behave similary.

The present experiments were conducted as part of a larger
study series that investigated the effects of NPSs across a standard
battery of tests to simplify between NPS comparisons. Controlled
preclinical experiments continue to be irreplaceable with regard to
obtaining translationally relevant knowledge about effects in intact
organisms that can help in harm reduction and clinical care in
humans. We present in vivo data to further the understanding of the
acute pharmacokinetic, behavioural and thermoregulatory effects of
naphyrone.

Taken together, the main aim of this study was to provide a
detailed evaluation of the pharmacokinetic, stimulatory, psychotomi-
metic and thermoregulatory effects of acute naphyrone in Wistar rats.

2 | MATERIALS AND METHODS
2.1 | Design

To capture naphyrone's temporal effects, two behavioural testing
onsets were used, 15 and 60 min post-drug administration. Pharmaco-
kinetics were measured over 8 h and thermoregulatory effects over
10 h.

2.2 | Animals

Male outbred Wistar rats (Velaz, Czech Republic: CZ) were housed in
pairs in a 12/12 h light/dark cycle with ad libitum water and a pellet
diet. Temperature (22 *+ 2°C) and humidity (30-70%) were controlled.
The rats acclimatised to the laboratory for 7 to 10 days (they were
weighed twice and handled at least four times) before testing. Tests
were performed between 7:00 and 17:00 h. At the start of the tests,
the rats weighed between 180 and 250 g. The principles of the
National Committee for the Care and Use of Laboratory Animals, CZ,
(86/609/EU) were adhered
to. Ethical approval was given by the National Committee for the
Care and Use of Laboratory Animals, CZ (reference: MEYSCR-
27527/2012-3). Across the open field (N = 80), PPl (N = 80) and
thermoregulation (N = 40), altogether, 200 rats were used. Rats from

and European Union guidelines

the behavioural experiments were also used for pharmmacokinetic
sampling (N = 40), requiring eight additional rats for sampling at
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30 min. Therefore, 208 naive rats were used in total. In all of the
experimental designs, n = 10 per group, except for the pharmacoki-
netic study where n = 8.

2.3 | Drugs and chemicals

1-Naftalen-2-yl-2-pyrrolidin-1-ylpentan-1-on (naphyrone) was pur-
chased via the Internet, purified and converted to a hydrochloride
(HCl) by Alfarma sr.o. (CZ). The resulting naphyrone was certified as
being 99.88% pure and also served as a reference standard for phar-
macokinetic analyses. The internal standard for quantitative liquid
chromatography/mass spectrometry (LC/MS) assays was deuterated
with naphyrone-D8.HCl with 99.7% purity (Alsachim, France).
Extraction columns (Bond Elut Certify 50 mg/3 ml) were supplied by
Labio (CZ).

For the behavioural, pharmacokinetic and thermoregulatory
experiments, naphyrone was dissolved in 0.9% physiological saline
(VEH) and administered sc. at a volume of 2 ml/kg. Control animals
were administered an equivalent volume of VEH sc. In the behav-
ioural experiments, 5, 10 and 20 mg/kg were tested. All of the
selected doses were based on our previous studies on NPS such as
mephedrone, methylone, MDAI and MDMAZ4-2? and were also esti-
mated according to the dosages reported by users.® About 10 mg/kg
was selected for the pharmacokinetic study and 20 mg/kg for ther-
moregulation. The lower doses (5 and 10 mg/kg) were intended to
produce clear behavioural effects without any signs of toxicity, as
they are within a range already shown to produce locomotor
effects.”® The higher dose (20 mg/kg) was chosen to simulate over-
dose in human use, with stereotypy and/or some acute toxic effects
possible.

2.4 | Pharmacokinetics

Rats were administered 10 mg/kg of naphyrone sc. and decapitated
after 30, 60, 120, 240 or 480 min (n = 8 per time point), whereupon
serum, the brain, liver and lungs were taken and frozen at —20°C (until
the toxicological analyses). Median maximum concentrations of
naphyrone in sera and tissues were calculated as nanograms per
millilitre or nanogram per gram. The brain/serum ratio was calculated
as the median brain concentration/median serum concentration per
sampling time point.

241 | Determination of naphyrone levels in serum
and tissue samples using LC/HRMS

To prepare serum samples for analysis, 0.2 ml of rat serum was for-
tified with the internal standard (naphyrone-D8 in methanolic solu-
tion in an amount with respect to the levels of naphyrone in
assayed samples) and 0.5 ml of 0.1M phosphate buffer (pH é). In
the case of tissue sample preparation, 250 mg of tissue (brain, lung
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and liver) was homogenised with 5 ml of methanol and the internal
standard (naphyrone-D8 in an amount with respect to the
naphyrone levels in the tissue samples). Each specimen was ultra-
sonicated for 20 min, and the supernatant (separated by centrifuga-
tion) was evaporated to dryness and then reconstituted in a 0.1M
phosphate buffer (pH 6).

For the solid-phase extraction (SPE) of naphyrone, a pretreated
sample plus a buffer and the intemal standard, was loaded onto a
Bond Elut Certify cartridge (preconditioned with 0.5 ml of 0.1M phos-
phate buffer, pH 6). The cartridge was washed between samples with
0.5 ml of distilled water, 0.5 ml of 0.1M HCl| and 0.5 ml of
CH3O0H/H,0 (1/1, v/v) and then air-dried for 5 min. The analytes
were eluted three times with 0.5-ml
dichloromethane/2-propanol/ammonium hydroxide (25%), 80/20/4,
v/v/v. The eluate was gently evaporated to dryness under a stream of
air (40°C) and then dissolved into a mobile phase for LC/high-
resolution mass spectrometry (HRMS).

242 | LC/HRMS conditions

LC/HRMS used a Dionex Ultimate 3000 UHPLC coupled to an
Exactive Plus-Orbitrap Mass Spectrometer (ThermoFisher Scientific,
Bremen, Germany) equipped with a HESI-Il source. The chromato-
graphic analyses used a Kinetex PFP 100 A (50 x 2.1 mm,
26 mm) and Security Guard Cartridge PFP 4 x 20 mm
(Phenomenex) with a flow rate of 400 ml/min. Gradient elution
was with a 10mM ammonium formate in 0.1% of formic acid as
mobile phase B. Gradient at 0 min = 5%, 4 min = 45% B, and
5-6 min = 95% (held). The MS conditions were full MS at scan
range 50-500 m/z, positive electrospray ionisation, resolution of
70 000 (full width at half maximum [FWHM], 3-Hz scan speed),
3 kV spray voltage and an ion transfer capillary temperature of
320°C.

2.5 | Behavioural procedures
2.5.1 | Open field

At 15 or 60 min post administration of 5, 10 and 20 mg/kg of
naphyrone or VEH, the rats were placed individually into the centre of
the open field (a 68 x 68 x 30 cm square black plastic arena), and their
behaviour was video recorded for 30 min. Ethovision Colour-Pro Ver-
sion 3.1.1 (Noldus, Netherlands) was used for behavioural capture and
preprocessing. During the preprocessing, the arena was divided into
5 x 5 identical square zones with 16 located around the periphery
and nine centrally in order to derive thigmotaxis and T enye Values.
Trajectory length (centimetre, corrected for 3 cm deviations), thigmo-
taxis (measured as Zfperipheral zones/Zfall zones: Where f = frequency of
line crossings) and T.enye (calculated as Zyne in the central zones)
were measured. The procedures were the same as those published

previously.2628-31
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2.5.2 | Prepulse inhibition

Two days before the tests, the rats were acclimatised to the startle
chamber (SR-LAB, San Diego Instruments, CA, USA) with a drug-free
5 min pre-exposure to five pulse alone stimuli (115 dB/20 ms) over
75 dB of continuous white noise. On the test day, 15 or 60 min prior
to testing, the rats were administered 5, 10 or 20 mg/kg naphyrone or
VEH, placed into the startle chamber and acclimatised for 5 min to a
continuous 75 dB of white noise. They were then presented with six
125 dB/40 ms
60 pseudorandomised trials of the following: (a) pulse alone, 40 ms of

duration pulse alone trials, followed by
125 dB; (b) prepulse-pulse, 20 ms of a 83 or 91 dB prepulse, a vari-
able (30, 60 or 120 ms) interstimulus interval (ISI: mean 70 ms), then
40 ms of a 125 dB pulse; and (c) 60 ms of no stimulus. Finally, six
pulse alone trials were delivered. There were 72 trials in total with
intertrial intervals (ITls) of 4-20 s (mean ITl = 12.27 s). All of the mea-
sures were derived from average startle amplitudes (AVG) and were
as follows: percentage habituation (percentage reduction in ASR from
six baseline trials to the final six trials), ASR (mean ASR was derived
from pulse alone trials) and percentage PPI {calculated as: [100 — (mean
prepulse-pulse trials/mean pulse alone trials) x 100]}.

2.6 | Thermoregulation

Under controlled laboratory conditions (as described previously), ther-
moregulation was observed over 10 h (13 time points) in group-
housed (five animals per home cage) and individually-housed (one ani-
mal per home cage) rats. For each observation, the rats were briefly
(10 s) immobilised in a Plexiglas tube, and their rectal temperature
was measured with a digital thermometer. The first measurements
(drug-free) were hourly (7:00-9:00 h), at 9:00 h naphyrone (20 mg/kg)
or VEH was administered, then measurements were every 30 min
until 11:00 h, after which they were measured hourly until 17.00 h.

2.7 | Statistical analysis

Statistical analyses of the behavioural and thermoregulation data were
conducted using IBM SPSS Version 22. Default alpha was p = .05, two
tailed. For open field, PPl and temperature data, factorial analysis of
variance (ANOVA) was used. The open field and PPl experiments used
a 4 x 3 factorial design with drug treatment (5, 10 and 20 mg/kg or
vehicle: VEH) and testing onset (15 or 60 min) as independent factors.
For the open field, trajectory length in 6 x 5 min time bins was
incduded as a repeated measures factor. The thermoregulation study
used a 4 x 2 x 13 mixed factorial design with drug treatment (5, 10
and 20 mg/kg naphyrone or VEH) and home-cage condition (group or
individually caged) as independent factors and measurement time
points (13) as a repeated measures factor. Planned pairwise compari-
sons (to follow up on any significant main effects and interactions)
used independent t tests. In order to limit inflation of type 1 errors,
the number of comparisons was restricted to those necessary to
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compare naphyrone with VEH. Where Mauchly's test (repeated mea-
sures ANOVA) or Levene's test were significant, corrected statistics
are presented (degrees of freedom are rounded to the nearest whole
number).

3 | RESULTS
3.1 | Pharmacokinetics

A maximum median serum concentration of 269 ng/ml of
naphyrone was attained 30 min after a 10 mg/kg sc. bolus dose.
The serum levels remained steady for the next 2 h and then
declined modestly for the remainder of the observation. Influx into
brain tissue was not delayed, a maximum median concentration of
1737 ng/kg was reached at 30 min and decreased steadily over
the 8 h measurement period. The brain/serum ratio was 6.5 at
30 min and was varied from 3.4 (at 2 h) and 5.5 (at 6 h) through
the whole temporal observation with an increase to 12.8 four
hours after dosage. Naphyrone reached a maximum concentration
of 3,025 mg/kg in the lungs at one hour after drug administration
(double the brain levels, despite being slightly delayed by 30 min
compared with the influx into the brain). Likewise, the maximum in
the liver was reached at 1 h (425 ng/kg), which was only slightly
higher than the serum concentrations (Figure 1).

3.2 | Locomotor activity in the open field
3.2.1 | Trajectory length

Trajectory length data showed significant main effects of the drug
treatment [Fiz, 72) = 28.65, p < .001], testing onset [F1, 72 = 4.09,
p < .05] and blocks [Fi3, 236) = 297.7, p < .001]. There was a significant
drug treatment x blocks interaction [Fi10, 236 = 6.06, p < .001] and a
significant testing-onset x blocks interaction [F5, 236 = 6.71, p < .001]
(see Figure 2A,B). Pairwise comparisons using independent t tests
showed that at the 15 min testing-onset (Figure ure 2A) naphyrone-
treated rats (all doses) showed significantly higher locomotor activity
in blocks two to six compared with VEH, minimum tqq) = 224,
p < .05. Figure ure 2C shows examples of locomotion in naphyrone-
and VEH-treated rats tracked over the 30 min testing session (15 min
testing-onset group). The tracking patterns suggest that at 20 mg/kg,
stereotypy rats tend to repeatedly circle the periphery, with less activ-
ity in the central zone. At the 60 min testing-onset (Figure ure 2B),
activity was higher in all six blocks for all naphyrone doses compared
with VEH, minimum t;g) = 2.21, p < .05.

3.2.2 | Tcentre and Thigmotaxis

Teenre data showed a significant main effect of the drug
treatment [F3, 72 = 13.22, p < 001] but no main effect of
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FIGURE 1 Median naphyrone concentrations 4000
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FIGURE 2 Mean trajectory length (centimetre) over 30 min (shown as 6 x 5-min time blocks) after sc. naphyrone (5, 10 or 20 mg/kg) versus
vehicle. Measurements commenced at 15 min (A) or 60 min (B) post administration. Error bars represent standard error of the means (S.E.M.s)
(C) shows typical trajectory pattems in the 15-min testing-onset drug groups. NAPH 5, 10, 20 = naphyrone 5, 10, 20 mg/kg [Colour figure can be

viewed at wileyonlinelibrary.com)

testing onset or testing-onset x drug treatment interaction.
Independent t tests showed that naphyrone (at all
irrespective of testing onset) increased time spent in the centre
compared with VEH, minimum t;>5) = 5.08, p < .001 (Figure 3A).
Thigmotaxis data showed significant main effects of the drug treat-
ment [Fg, 72 = 7.86, p < .001] and testing onset [Fy, 72 = 4.63,
p < .05] but no testing-onset x drug treatment interaction. The
main effect of testing onset reflected a modest reduction in thig-
motaxis at the 60-min testing onset compared with the 15-min
testing onset. Independent t tests showed that all doses of
naphyrone decreased the probability of appearance in peripheral
zones, compared with VEH, minimum tsg = 203, p < 05

(Figure 3B).

doses,

3.3 | Prepulse inhibition

Habituation and ASR showed no significant main effects or interac-
tions (see Table 1). PPl data showed no main effects, but the drug
treatment x testing-onset interaction was significant [F(3 70 = 3.10,
p < .05]. Independent t tests showed that 20-mg/kg naphyrone mod-
estly increased PP, compared with VEH, but only at the 15-min test-
ing onset, t1g = 1.80, p < .05 (Figure 4AB).

3.4 | Rectal temperature

Statistical analysis revealed significant main effects of the drug treat-
ment [F{L 36) = 49.50,p < 001] and time [F{6.34. 432) = 58.33,p < 031]


http://wileyonlinelibrary.com

6of 9

Addiction Bio 0g SSARET™ PINTEROVA-LECA T AL.
(A) s00 (B) 1
450 * %k
400 T 0,9
L 30 : w . * % *
£ 300 X 038 |
t * %k g * ¥k
250 |
3 *ok ok £ |
= 200 N & 0,7 |
T = |
150 = |
100 0,6 |
50 |
0 0,5
VEH NAPH 5 NAPH 10 NAPH 20 VEH NAPH 5 NAPH 10 NAPH 20

FIGURE 3 Mean total time (seconds) spent in the centre (A) and mean total thigmotaxis (probability of appearance in peripheral zone)

(B) over 30 min in the open field. Data are shown by drug treatment condition (5, 10 or 20 mg/kg naphyrone versus vehicle). Because there was
no significant effect of testing onset, the data are collapsed across the 15 min and 60 min testing onset groups. Error bars represent standard
error of the means (S.EM.s). "p < .001, “p < .01 and 'p < .05 compared with VEH. NAPH 5, 10, 20 = naphyrone 5, 10, 20 mg/kg

TABLE 1

Effect of naphyrone (5, 10 and 20 mg/kg) on acoustic startle response (ASR) in arbitrary units and habituation (testing onset 15 or

60 min). The numbers represent means and standard error of the means (S.E.M.s) are in brackets

Drug treatment
Measure Testing onset Vehicle 5 mg/kg 10 mg/kg 20 mg/kg
ASR (AVG) 15 min 183.4 (60.1) 117.1(22.2) 73.0 (18.6) 163.1(35.3)
60 min 157.5(36.2) 98.3(14.7) 179.6 (44.5) 180.4 (33.8)
Percentage habituation 15 min 40.4 (10.9) 56.2 (6.9) 564 (6.8) 34.4(13.2)
60 min 67.1(6.1) 38.3(12.9) 508 (8.6) 30.2 (14.8)
(A)eo * (B) e
50 - - 50 - 1
40 ] I 40 - I ——
l 1 -
T 30 - g 3 )
® ES
20 - 20 -
10 - 10 -
0 0
VEH NAPH 5 NAPH 10 NAPH 20 VEH NAPH 5 NAPH 10 NAPH 20

FIGURE 4 Mean prepulse inhibition (PPI) (%) after sc. naphyrone (5, 10 or 20 mg/kg) versus vehicle. PPl measurements commenced at
15 min (A) or 60 min (B) post administration. Error bars represent standard error of the means (S.E.M.s). p < .05 compared with VEH. NAPH 5,

10, 20 = naphyrone 5, 10, 20 mg/kg

and a significant drug treatment x time interaction [Fis.34, 432 = 1942,
p < .001] (Figure 5A,B. Independent t tests revealed the significant
effect of naphyrone 20 mg/kg (irrespective of home-cage condition)
on rectal temperature, shown as raised rectal temperature lasting for
4 h from time of administration, minimum tzg = 3.42, p = .001. There
was also a significant main effect of home-cage condition
[Fu, 3¢ = 7.58, p < 01], manifested as higher temperature in
group-housed rats, M = 3804 (standard error of the mean
[SEM] = 0.04), compared with individually housed rats, M = 37.88
(SEM = 0.04).

4 | DISCUSSION

Naphyrone had fast pharmacokinetics within 30 min after application.
The highest concentrations were measured in lung tissue followed by
brain tissue. Acute administration of naphyrone showed a dose-
dependent stimulant effect at both testing onsets, mainly at 15-min
testing onset, and affect the distribution of locomotor behaviour in
the open field. Only the highest naphyrone dose at 15 min testing
onset altered PPI. The effect of naphyrone on rectal temperature was
modest but long lasting.
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The indicate fast

absorption/distribution and a relatively long half-life of naphyrone in

pharmacokinetic findings

serum and brain, which is consistent with the reported rapid onset
and long duration of its stimulatory effects in rodents and humans .13
Consistent with naphyrone's high lipophilicity (logP = 4.88), influx into
the brain was fast, and the peak brain/serum ratio of 6.5 was high.
Naphyrone's elimination from other tissues was much slower than
from serum, which was indicated by a brain/serum ratio of more than
12, 4 h after administration. Accumulation in lung tissue is characteris-
tic of parenterally administered cationic compounds with a lipophilic
profile, partly as a consequence of the relatively large volume of blood
flowing to the lungs, which transports substances there where they
can become trapped.®?

Long-lasting, dose-dependent increases in locomotor activity
were observed at both testing onsets, consistent with concentrations
of naphyrone in the brain. However, in absolute terms, the stimulatory
effect on locomotion was not powerful. Given that naphyrone's inhibi-
tion of DAT is potent at lower concentrations than cocaine, this is sur-
prising. Pyrrolidine-containing synthetic cathinone derivatives have a
characteristic inverted ‘U’ dose-response relationship with locomotor
behaviour; therefore, higher doses can result in reduced, rather than
increased activity.?*>33-3% This would not appear to account for the
findings here because we found increasing stimulation with each
higher dose tested, suggesting a dose-response on the rising slope of
the inverted ‘U’ Alternatively, because naphyrone is a nonselective
monoamine transporter inhibitor, its powerful inhibition of SERT may
have attenuated DA-induced locomotor effects.?® A similar mecha-
nism has been described for MDMA, when at lower doses hyper-
locomotion is primarily induced by the serotonergic system and with
increasing dose an effect of the dopaminergic system is manifested.”
Rats usually spend most time in the periphery of the open field (next
to the arena walls), and less in the centre, which is mildly aversive due
to its brighter and more open qualities. The spatial characteristics of
activity demonstrated dose-dependent increases in time in the centre,
which was not a result of general locomotor activation because thig-
motaxis also decreased. We did not observe obvious stimulant-typical
stereotypies®®>®”3® that would account for the data. Therefore,

naphyrone clearly induces general locomotor stimulation, not as
potent as mephedrone®® but more stimulatory than methylone.?”
Increased time in the centre and decreased thigmotaxis with a dose-
dependent manner suggest increased exploration and decreased
anxiety, like MDMAZ7 In contrast, MDPV increases thigmotaxis and
stereotypes emerge due to its dopaminergic properties.t

Stimulants and cathinones, including MDPV, can disrupt PPl but
usually only at higher doses.1%?%3-41 |ike MDPV,'! only the highest
dose of naphyrone affected PPl and only transiently so (at the 15-min
testing onset), when brain and serum concentrations were highest. On
the contrary to MDPV and other cathinones, naphyrone increased
PPL. A possible explanation for the observed effect can be the fact
that low doses of stimulants are associated with a cognition enhanc-
ing effect,*? and robust effects on sensorimotor gating may only be
present at higher doses. It is possible that because naphyrone affects
mainly the serotonin system, it attenuates PPI via serotonergic recep-
tors.*® Although serotonergic drugs (MDMA and MDAI) disrupt PPl in
rodents,?%* Liechti, Geyer, Hell and Vollenweider*®> showed an
enhancing effect of MDMA on PPI in their study on human volun-
teers. Thus, specific-species differences can be involved, and more
information about the underying mechanism is needed.

Naphyrone modestly elevated rectal temperatures by approxi-
mately 0.5°C to 1°C, commencing at 30 min, peaking at 60 min and
lasting for several hours (consistent with the time course for phar-
macokinetics). Despite the fact that naphyrone is more serotonergic
than MDPV,>7? its hyperthermic effect appears to be less powerful.
This is surprising because 5-HT is the crucial neuromodulator con-
trolling thermoregulation and where MDPV has almost no activity.
An explanation may be the increase in body temperature secondary
to the huge physical hyperactivity elicited by MDPV but not by
naphyrone. Compared with MDPV, naphyrone has less potency for
NET and DAT inhibition,” which may explain its milder effects.
Para-methoxymethamphetamine (PMMA) and MDMA also result in
profound hyperthermia (under group-housing conditions) mediated
by 5-HT2A receptors.*® It is, therefore, somewhat surprising that
we did not observe more powerful effects on body temperature,
particularly given the relatively high dose that was tested. We did
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not observe obvious indications of toxicity (at the doses tested): no
gross motor effects, stereotypes, sweating or other signs of physical
distress.

Nevertheless, the possible adverse effects of long-term, chronic
and binge use of naphyrone (or the effects of poly-drug use involving
health are as vyet
and more studies about molecular toxicological mecha-

naphyrone) on psychological and physical
unknown,3547
nisms are needed.*® Despite naphyrone's pharmacological characteris-
tics with respect to its DAT/SERT ratio, surprisingly, we found only
mild hyperthermia and enduring but relatively mild stimulation (with
enhanced exploration). These modest effects are consistent with the
fact that naphyrone never became as popular as its predecessor,
mephedrone, or as widely used as other NPSs that have mixed
stimulatory-entactogenic effects; it would appear that naphyrone
somehow lacks the profile suitable for a ‘party’ drug. Understanding
the pharmacological characteristics associated with NPSs that fail to
become popular (as well as those that are widely used) may help to
more accurately predict which emerging NPSs represent a potential
public health issue.
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NOVE PSYCHOAKTIVNI SUBSTANCE

Nové psychoaktivni substance (NPS) jsou skupinou latek se Sirokym
spektrem UCinkd. ,Nové” jsou predevsim z hlediska svého vyskytu

na ilegalnim trhu, jejich struktura mdze byt znama jiz pomérné dlouhou
dobu. Jedna se o latky, které napodobuiji UCinky klasickych drog, jejich

odliSna chemicka strukturu jim vSak Casto zajiStuje doCasny Unik pred
legislativni kontrolou. V nasledujicim textu bude ¢tenafUm predstavena
vétSina hlavnich skupin NPS, avsak vycCet neni vyCerpavajici. U kazdé
ze zminénych skupin je popsan mechanismus pusobeni, akutni UCinky
na organismus vcetne rizik a toxicity a strucny popis vybranych
zastupcu.

Uvod

> Nové psychoaktivni substance (NPS, dfive nazyvané nové
syntetické drogy), znamé také pod nazvy ,designer drugs”

¢i ,legal highs”, se v posledni dobé stale Castéji objevuji na
drogové scéné. Skupina téchto latek se vyznacuje Sirokym
spektrem UCinky, které mohou byt tlumivé, stimulacni,
entaktogenni, ale také halucinogenni (Corazza et al. 2013;
Johnson, Johnson, a Portier 2013). Hlavnimi dovody, pro¢
se NPS na trhu vyskytuji je, Ze: 1) se snazi napodobit U€inky
tradi¢nich drog (napf. extaze, heroinu, marihuany ¢i pervitinu)
a zaroven diky své nové strukture, nejsou zahrnuty na sezna-
mu kontrolovanych omamnych a psychotropnich latek (OPL)
a 2) ze prekursory pro jejich vyrobu nejsou monitorovany

a jsou snadno dostupné. To ve svém dusledku vede k tomu,
Ze vyrobci i distributofi se tak mohou snadno vyhnout legisla-
tivnim postihim. Typickym znakem NPS tudiZ je, Ze neustale
dochazi k modifikacim jejich struktury, na trhu se tak tedy
objevuji stale dal3i nové substance (van Amsterdam, Nutt,

a van den Brink 2013).

Mezi jedny z historicky prvnich NPS se Fadi latky odvozené od
fenylethylaminu. Patfi sem nahrazky drogy extaze,

napf. N-methyl-1-(1,3-benzodioxol-5-yl)-2-butanamin (MBDB),
¢i 4-bromo-2,5-dimethoxyfenethylamin (2C-B) (Giroud et al.
1998; Schifano 2005), dale nahrazky tradi¢nich amfetamino-
vych stimulantU (halogenové amfetaminy 4-fluoroamfetamin
(4-FA), 3-fluorometamfetamin (3-FMA) apod.) a potentni
psychedelika 2,5-dimethoxy-4-bromoamfetamin (DOB) (Rose,
Poklis, a Poklis 2013), Bromo-DragonFLY apod. Mezi t&émito
latkami si nékteré vyslouZily punc jako velmi nebezpecné,
jedna se zejména o para-methoxymetamfetamin (PMMA)

Uvod

Syntetické opioidy

Fenylethylaminy

Halogenované derivaty amfetaminu a metamfetaminu
Analogy/nahrazky MDMA

Fenylethylaminové halucinogeny

FLY varianty halucinogennich a entaktogennich
fenylethylaminG

Tryptaminy

Syntetické piperaziny

Syntetické kanabinoidy

Aminoindanty

Katinony

Disociativni anestetika (disociativa)

a para-methoxyamfetamin (PMA), 4-methylthioamfetamin
(4-MTA) které maji UCinky podobné MDMA, ovSem s pomalej-
§im nastupem U¢inkd. UzZivatelé tak mohou mit tendenci uZit
vice davek naraz, coz mize mit fatalni nasledky (Johansen
et al. 2003; Lin, Liu, a Yin 2007; Refstad 2003). Dnes se mezi
jedny z toxickych substanci fadi také N-benzyl methoxy
(NBOMe) derivaty fenylethylaminovych halucinogend

(napt. 25B-NBOMe co7? je derivat 2C-B), které se diky této
strukturalni modifikaci staly extrémné potentnimi.
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Syntetické katinony jsou strukturalné blizké fenylethylaminOm
a amfetaminOm, maji entaktogenni a stimulaéni GCinky. Od nich
se lisi tim, Ze maji v molekule charakteristickou keto skupinu
na postrannim fetézci, hned na prvnim uhliku vedle aromatic-
kého jadra, v tzv. beta pozici (odtud B-keto- nebo bk- derivaty).
Prvnimi znamymi byly mefedron (droga znama jako mfau-
-mnav, ¢i 4-MMC), methylon (jinak také bk-MDMA) a butylon
(bk-MBDB). Do dnesni doby se na trhu vyskytly jiz stovky
roznych analog katinond.

Nahrazkami stimulantd a drogy extaze jsou také synteticke
piperaziny, které jsou vétSinou méné Ucinné, aviak zaroven

i méné toxické. Nejvice vyskytujicimi se a potazmo i zneuziva-
nymi piperaziny byly historicky 3-trifluoromethylfenylpiperazin
(TEMPP), benzylpiperazin (BZP) a m-chlorofenylpiperazin
(mCPP) (Arbo, Bastos, a Carmo 2012; Bockaert et al. 1987;
de Boer et al. 2001).

Relativné mladou skupinou latek jsou aminoindany, které jsou
strukturalné blizké amfetaminim a maji predevsim entakto-
genni UCinky, tzn. zvySenou hladinu empatie, usnadnéni
komunikace a pocit sounalezitosti s okolim. Prvnim aminoinda-
nem uvedenym na trh byl 2-aminoindan (2-Al). VétSina ostat-
nich latek z této skupiny jsou jeho analogy, jedna se napriklad
o 5-iodo-2-aminoindan (5-1Al), 5,6-methylendioxy-2-amino-
indan (MDAI) a 6-methylendioxy-N-metyl-2-aminoindan
(MDMAI) (Sainsbury et al. 2011).

Heroin, fentanyl a carfentanil

1/2020

Dal3i velkou skupinou NPS jsou latky odvozené od tryptaminu,
které maji povétSinou halucinogenni /psychedelickeé UCinky.
Mezi tradi¢ni pfirodni zastupce tryptaminU patfi psilocybin,
dimethyltryptamin (DMT) a 5-methoxy-dimethyltryptamin
(5-MeO-DMT) (Schifano et al., 2015), mezi NPS se pak
objevila jejich analoga jako napr. 4-acetoxy-N,N-dimethyl-
tryptamin (4-AcO-DMT), N,N-diisopropyltryptamin (DiPT),

N, N-diallyl-5-methoxytryptamin (5-MeO-DALT) a cela fada
dalSich (Arunotayanun et al. 2013; Van Hout a Hearne 2017).

Psychedelicky pusobici disociativni anestetika jsou odvozena
predevsim od arylcyklohexylamin® ketaminu a fencyklidinu
(PCP). Typickymi priklady z této skupiny jsou aktualné metho-
xetamin ((RS)-2-(ethylamino)-2-(3-methoxyfenyl)cyklohexanon;
MXE), deschlorketamin (2-methylamino-2-fenylcyklohexanon;
DXE) (Bryner et al. 2006; Frison et al. 2016; Tortella,

Pellicano, a Bowery 1989) a methoxy derivaty fencyklidnu,
napf. 3-Methoxyfencyklidin (3-MeO-PCP) (Roth et al. 2013).

tzv. syntetické kanabinoidy. Ty se na trhu hojné vyskytuji
primichané a napusténé do smési nejriznégjsich bylin, prodavaji
se pak typicky pod obchodnim nazvem ,Spice” jako legalni na-
hrazka kanabisu/konopi. Diky tomu jsou mezi uZivateli

v nékterych zemich velice oblibené (Vandrey et al. 2012;

Seely et al. 2012). Na rozdil od klasickych kanabinoidd

se ovSem mUze jednat i o velice nebezpefné substance.

Pfevzato z: https://reason.com/2018/07/20/thank-drug-warriors-for-the-escalating-d/
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Chemicky jde o velmi nesourodou skupinu latek, tradicné sem
patfi predevsim naftoylindoly, fenylacetylindoly a cyklohexyl-
fenoly (napf. JWH-018, CP-47 apod.) (EISohly et al. 2014,
Koller et al. 2014). Novéji pak mnoho dalSich, mezi nimiz

jsou nékteré substance (napf. 5F-PB-22, MDMB-CHMICA

a MDMB-FUBINACA) zodpovédné za fadu umrti.

Syntetické opioidy jsou alternativy ke klasickym opioiddm,
jejich nebezpedi €asto tkvi predevsim v jejich velmi vysoké
potenci (0¢inné davky jsou v jednotkach miligrami) diky Cemu
je veliké riziko predavkovani s Umrtimi, dale jsou samozifejmé
vysoce navykové. Nejrozsifengjsimi latkami z této skupiny
jsou v sou€asnosti substance odvozené od fentanylu
(Armenian et al. 2018). X

Synteticke opioidy

> Fenomén novych syntetickych opioidd (NSO) je v poslednich
letech na vzestupu, hlavnim dbvodem je jejich snadna dostup-
nost na internetu, cena a v neposledni fadé také to, Ze nejsou
prokazatelné pomoci standardnich drogovych testd.

Mnoho z téchto latek bylo vyvijeno v 70. letech jako potencialni
nahrada morfinu, dalSi opét vznikaji v soucasnosti prakticky

na mésicni bazi a to i jen nepatrnou modifikaci chemickée
struktury lé€iv nebo znamych drog, ve velkém procentu pfipad’
se jedna o derivaty opioidu pouzivaného ve zdravotnictvi —
fentanylu (Prekupec, Mansky, a Baumann 2017).

Opioidy figuruji velmi vyrazné mezi smrtelnymi pripady
predavkovanim, zvlasté v USA se v sou€asnosti setkavame se
vzrUstajicimi poCty Umrti (Rudd et al. 2016; Prekupec, Mansky,
a Baumann 2017). Tato situace se patrné jesté zhorsuje jejich
vyskytem v padélanych lécich a v produktech prodavanych
jako heroin (Amlani et al. 2015; Armenian et al. 2017). Toto
Casto nevédomé poziti obvykle vede k predavkovani, NSO
jsou totiz Casto daleko silngjsi nez klasic¢ti zastupci opioidU
(Baumann et al. 2017). Oficialni &isla Umrti jsou navic patrné
mnohem niZ&i nez realnd, protoZe mnoho laboratofi standardné
neprovadi testy na tyto drogy a to bud z ddvodu neznalosti

Ci Cisté pragmaticky, protoz nemaji vybaveni a metody

pro jejich detekci.

Jednim z prvnich NSO na trhu byl tzv. Krypton, smés O-des-
methyltramadolu, aktivhiho metabolitu tramadolu, a extraktu

z kratomu (Mitragyna speciosa), rostliny z jihovychodni Asie.
Kratom obsahuje mnoho latek, mezi nimi alkaloid mitragynin

s UCinkem na opioidni receptory. S touto smési je oficialné
spojeno také nékolik pfipadt umrti (Kronstrand et al. 2011).

Protoze mnoho sou¢asnych NSO Ize dohledat ve starych
védeckych ¢lancich, uzivajicich nejednotné a zastaralé
postupy, které jsou nyni nahrazované novéjsimi metodami,
0 jejich podrobném fyziologickém pUsobeni na lidsky
organismus je jen malo exaktnich informaci (Baumann et al.
2017). Pfestoze tyto latky maji znatelné odliSnou chemickou
strukturu od pfirodnich opioid odvozenych od morfinu, jako
klasické opioidy i NSO nej¢astéji pUsobi vysoce selektivné na
H opioidni receptory v centralni a periferni nervové soustavé
a v gastrointestinalnim traktu. Pres tento typ receptoru jsou
mediovany hlavni G€inky opioidU jako je analgezie a euforické

UCinky, kvlli kterym jsou zneuzivany. Byva trendem vzit si
nékolik davek po sobé (,re-dosing”) ke zvétSeni nebo
prodlouzeni U&inku drogy (Papsun et al. 2016). S rychlym
rozvojem tolerance a vysokym adiktivnim potencialem si nové
syntetické formy opioidd nezadaji s nebezpecnosti klasickych
opioidU. Pfedavkovani je asociované se ztratou védomi,
zpomalenim srdecni frekvence, cyandzou a midzou. Dalsimi
projevy jsou zacpa, svédéni, nevolnost, zvraceni a plicni
edémy. Smrt je obvykle zapri€inéna Utlumem dechového
centra (Prekupec, Mansky, a Baumann 2017).

PUsobeni NSO mUze byt zvraceno podanim naloxonu, stan-
dardniho kompetitivhiho antagonisty, schopného postupnou
titraci vyvazat vSechny molekuly opioidU z vazebnych mist
receptor0. Oviem vzhledem k jejich potenci se doporuéuje
zacit s vétsi davkou oproti klasickym opioidim. MUZe se podat
mnoha zpUsoby, nej¢astéji intravendzng, mize se viak podat

i intramuskularng, intranasalng, subkutannég, endotrachealng,
inhalacné i sublingualné (Kim a Nelson 2015).

Carfentanil

Jedna se o opioid, ktery se pouziva k anestézii velkych zvifat,
nebo radioaktivné znaCeny k zobrazovani opioidnich receptort
in vivo. Latka se nevyskytovala samostatné, byla v fadé pripad0
distribuovana pfimichana do fentanylu a byla od roku 2009
pri€inou Fady Umrti z pfedavkovani nejen v USA, ale i v Evrop-
skem prostoru (Swanson et al. 2017; O’'Donnell et al. 2018).
Vi se, Ze fada Cinskych firem jej zaCala produkovat do té doby,
nez byl v roce 2017 zafazen na tamni seznam omamnych

a psychotropnich latek. Jedna se o latku, ktera je zhruba
10000x potentngjsi, nezli morfin (George et al. 2010), je tedy
0Cinna v fadu mikrogram (srovnatelné jako napfiklad LSD),
takZe se uvazovalo i o jejim vyuziti jako bojové latky,

a to i v rAmci teroristickych Utokd. Pouzita takto byla

i v nechvalné znamém teroristickém Utoku v Moskevskéem
divadle, kde zemielo 125 lidi, jeZ se nadychalo n&jakého
aerosolu. Pozdgjsi analyzy britskych sluzeb prokazaly u tfi
britskych obc¢anu, jez byli pfitomni Utoku, carfentanil

a ramifentanyl v moci a na oble€eni (Wax, Becker, a Curry
2003). Historicky byly také v Kanadé zadrZzeny tonery do
tiskaren Hewlet Packard, jeZ byly naplnéné carfentanilem,
obsahovaly zhruba 50 milion0 smrticich davek. Dodnes se
nikdo neodvazil jednoznacné odhalit, k jakym Ucellm se mél
carfentanil pouzit. V roce 2017 byly hlaseny v CR 2 pfipady
fatalnich intoxikaci, v obou pripadech se vsak jednalo

o syntetické opioidy — v jednom pripadé o methoxyacetyl-
fentanyl a v druhém o carfentanil.

U-47700

Pismeno ,U" tohoto nefentanylového benzamidu se vztahuje
k firmé Upjohn, ktera tuto latku v 70. letech prvné syntetizo-
vala. Na drogové scéné se mu prezdiva ,U4" nebo ,pink”,
protoZe neistoty vznikajici pfi jeho syntéze zapficinuji jeho
narUzovélou barvu (Prekupec, Mansky, a Baumann 2017).

Je velmi podobny droze AH-7921, oproti ni ma viak vyraznégjsi
afinitu k g receptordm. Z animalnich studii jsou prokazany
jeho typicky opioidni UCinky (Mohr et al. 2016). Informace
rekreacnich uZivatelU z internetovych diskuzi popisuji jeho
UCinky jako silné euforizujici, ale diky kratkému biologickému
polocasu také kratkého trvani, &imz podnécuji opakované
uziti (Elliott, Brandt, a Smith 2016; Schneir et al. 2017).
U-47700 je spojen s nékolika recentnimi pripady Umrti,
nejméné 46 pfipadd bylo zaznamenano v USA (Elliott, Brandt,
a Smith 2016; Prekupec, Mansky, a Baumann 2017).

AH-7921
AH-7921 je cyklohexylamin, mUZe se prodavat také pod
jménem doxylam. Nazev pochazi od firmy Allen and Hanburys.
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Bolest je v animalnich testech schopen tlumit s podobnou
silou jako morfin (Vorce et al. 2014). Ve vétsi mife se distri-
buuje v Evropg, Japonsku a USA. Za posledni roky je droga
také zodpovédna jiz za nékolik Umrti (Kronstrand et al. 2014;
Vorce et al. 2014; Karinen et al. 2014).

MT-45

MT-45, jinak také ,IC-6", je derivatem piperazinu. Po internetu
se Casto prodava ve formé dihydrochloridové soli nebo byva
Casto smichany s jinymi drogami (Papsun et al. 2016). Diskuze
na online férech popisuji pomaly nastup U&inku, coz by mohlo
vést k nebezpedi pfedavkovani kvali opétovnému uziti pred
dosazenim maximalniho efektu (Helander, Backberg,

a Beck 2014).

Tato droga ma pomérné specifické vedlejsi Uc€inky, zejména
dlouhodobou ototoxicitu, ztratu vlast, dermatitidu nebo
hluboké bezvédomi, jsou u n&j popsany také disociacni UCinky
(Helander, Backberg, a Beck 2014). PUsobi jen malou midzu,
coz je problémem pfi jeho klinické identifikaci v pfipadech
predavkovani. Zvlastni farmakologii teto drogy by mohl vysvétlit
vyznamny agonismus s 3 a K opioidnimi receptory. V USA je
jeji vyskyt pomérné sporadicky se dvéma nahlaSenymi pfipady
pfedavkovani, oproti tomu na evropském kontinentu zpUsobila
minimalné nékolik desitek Umrti (Papsun et al. 2016;

Siddigi et al. 2015).

Furanylfentanyl

Tomuto derivatu fentanylu s pfitomnosti furanového kruhu

s prezdivkou ,Fu-F" se od roku 2013 v USA prokazalo
nejméné 128 zapficinénych Umrti (Prekupec, Mansky,

a Baumann 2017). Byva také namixovan ve varkach heroinu.
PrestoZe nejsou dostupné Zadné plnohodnotné informace

o jeho pUsobeni, oéekava se podobny farmakologicky efekt
jako u fentanylu (Mohr et al. 2016).

Butyrylfentanyl

Butyrylfentanyl je derivatem fentanylu s methylovou skupinou
navic. Ve védecke literature je prvné zminovan v 80. letech.
Je velmi U¢innym analgetikem, oproti morfinu je pfiblizné

7x silngjsi (Baumann et al. 2017). Od roku 2014 je velmi
progresivné se rozmahajicim se NSO. S touto latkou bylo
spojeno jiz minimalné nékolik desitek Umrti (Prekupec,
Mansky, a Baumann 2017).

Acetylfentanyl

Acetylfentanyl, jinak také des-methylfentanyl, je dalSim
vyznamnym analogem fentanylu. Od €ervna 2013 do prosince
2015 bylo oficidlné zaznamenano 582 pfipadd s uzitim acetyl
fentanylu, prevazné u vysSetfovani Umrti pfedavkovanim

(Mohr et al. 2016).

Krokodil

Medialné dobfe znamym pfipadem je krokodil, ktery pfedevsim
v Rusku a nékterych dalSich vychodoevropskych statech
zpUsoboval svym uZivatelim hrozivé vypadajici rany v nejhor-
Sich pfipadech obnazeni kosti — viz Obr. 2 (Grund, Latypoy,

a Harris 2013). Jeho hlavni slozkou je synteticky opioid
desomorfin, ovdem vyrabény zjednoduseng, pouze jednokro-
kové v nelegalnich domacich laboratofich, z I&€iv obsahujicich
kodein. Kromé kodeinu se vSak pfi vyrobé pouziva i jod,
Cerveny fosfor, ziskanym nejastégji ze sSkrtatek krabicek

od sirek, fedidla na barvy a dalsi latky. Pri vyrobé tak vznika
fada vedlejSich produktU, které nejsou z vysledné smési nijak
odstranény a pri dlouhodobém uZivani zapficifiuji nechvalné
znamé vedlejSich U€inky — rozsahlé nekrotické zmény (Grund,
Latypov, a Harris 2013; Alves et al. 2015). Kromé toho ma
vysledna substance velice nizké pH, nezfidka nizsi nez 3.

OBRAZEK 2
Ruka Zeny zavislé na droze krokodil

Pfevzato z htip://westernslopelabs.com/krokodil-desomorphine/

V okoli aplikace latky dochazi k rohovaténi kize, pozdéji se
tyto zrohovatélé €asti odlupuji a dochazi k odhaleni tkané.

a7z k UpInému obnaZzeni kosti. K Umrti takto zasaZzeného jedince
vétSinou dojde nasledkem infekce, ktera do otevienych ran
vnika velice snadno (Grund, Latypov, a Harris 2013). X

Fenylethylaminy

> Fenylethylamin je latka, ktera je obsazena v fadé rostlin, ale
také je prirozené produkovana septem limbického sytému,
kde vznika dekarboxylaci fenylalaninu. Vétsina latek
odvozenych od fenyletylaminu vykazuje psychotropni aktivitu,
av8ak spektrum jejich U€inku muZe zahrnovat pUsobeni
stimula&ni, entaktogenni, anorekticke, antidepresivni

a bronchodilataéni. Do skupiny fenylethylamint je fazeno
vice nez 300 rdznych latek.

Mezi fenylethylaminy patfi latky stimula&ni jako je amfetamin,
metamfetamin (pervitin) a jejich derivaty, entaktogeny jako

je MDMA a jeji analogy a syntetické nahrazky (3,4-methylen-
dioxyamfetamin (MDA), 3,4-methylendioxy-N-ethylamfetamin
(MDEA), para-methoxymetamfetamin (PMMA), para-methoxy-
amfetamin (PMA), 4-Methylthioamfetamin (4-MTA)), tzv. 2C’s,
jejichz O¢inky jsou na pomezi entaktogent a halucinogent
(4-brom-2, 5-dimethoxyfenylethylamin (2C-B), 4-Ethyl-2,5-di-
methoxyfenelethylamin (2C-E), 2,5-dimethoxy-4-ethylthiofenyl-
ethylamin (2C-T-2) a i Cisté halucinogenni latky jako je typicky
halucinogenmezkalin asyntetické halucinogeny (2, 5-dimethoxy-
-4-bromoamfetamin (DOB), 2, 5-dimethoxy-4-methylamfetamin
(DOM), 2,5-dimethoxy-4-iodoamfetamin (DOI), trimethoxy-
amfetaminy (TMA) apod.). Zatimco entaktogenné pUsobici
fenylethylaminy typicky blokuji aktivitu transportérd pro
monoaminy serotonin, dopamin a noradrenalin, diky ¢emuz
zvySuji jejich vyplavovani, halucinogenné pusobici 2C"s a dalsi
latky z této skupiny typicky stimuluji serotoninové receptory,
zejména typ 5-HT2A, jenz je hlavnim mechanismem, jimz
vyvolavaji halucinogenni UC€inky analogicky jako je tomu v pfi-
padé LSD. O fadé z nich jsme psali v pfedchozich publikacich
(Zaostfeno na drogy 4/2004, Zaostfeno na drogy 4/2010).
Néktere z téchto latek jsou velmi potentni a toxické. X
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Halogenované derivaty amfetaminu a metamfetaminu

> 3-FA (3-fluoroamfetamin)

Je stimulant, ktery pusobi velice podobné jako metamfetamin.
Kromé stimulacniho efektu je €asto popisovan i mirné entakto-
genni pUsobeni. Obvykla davka 30 az 50 mg, doba trvani
U&inku 4 az 6 hodin (Yanini et al. 2018).

4-FA (4-fluoroamfetamin, PAL-303, Flux)

Jeho U€&inky jsou popisovany jako kombinace stimulagniho

a entaktogenniho pUsobeni, mezi uzivateli je proto pomérné
oblibeny (Linsen et al. 2015). Prodava se pfedevsim po inter-
netu, velmi rozsifeny a oblibeny je i na €erném trhu v Nizozemi.
Obvykla davka 100 az 130 mg, doba trvani U€inku 5 az 8 hodin.
V roce 2019 byla publikovana klinicka studie, ktera testovala

UCinky 4-FA na 12 dobrovolnicich. Klinicka studie na dobro-
volnicich popisovala po peroralnim uziti davky 100 mg velmi
mirné psychedelické O&inky, spise byly pfitomny depersonali-
zacni a derealizacni UCiny srovnatelné s MDMA. Prestoze peak
UCinkyd (stejné jako peak koncentrace v séru) se dostavuje
zhruba za hodinu po podani, v séru byl 4-FA detekovatelny
jesté za 12 hodin po podani (Kuypers et al. 2019).

4-FMA (4-fluorometamfetamin)

Byl poprvé zachycen v roce 2006 v Japonsku. Uginek je opét
stimulacni i entaktogenni (Rosner et al. 2005). Bézna davka
50 az 75 mg. Doba pusobeni 4 a7z 8 hodin. >

Analogy/nahrazky MDMA

> Patii sem zejména jejich blizké analogy MDA, MDEA, MBDB,
jez maji velmi podobné U&inky, MDA je pouze vice dopaminergné
pUsobici, MDEA naopak vice serotonergné. U&inky jsou
entaktogenni, podobné MDMA, tedy hlavné euforie, pocity
Stésti, lasky, sounalezitosti s okolim, mechanismem je pak
zvySené vyplaveni monoaminU na synapsi, zejména cestou
interakce s transportéry pro monoaminy (hlavné serotoninu,

OBRAZEK 3
Tablety obsahujici PMA, které pfipominaji extazi

meéné pak dopaminu a noradrenalinu). Obé latky jsou vesmés
i podobné toxicke, pokud jsou uzivany samostatné tak je jejich
akutni toxicita relativné nizka. Nejvétsim rizikem akutnim je
serotoninovy syndrom s prehfatim, jeho riziko je zvySovano
okolni teplotou prostfedi, excesivni namahou (napf. tanec

na party) a nedostatecnym pfijmem mineralizovanych

tekutin (velké ztraty profuznim pocenim). Z dlouhodobého

Pfevzato z: http://www.bbc.co.uk/newsbeat/article/23618912/fresh-fears-over-pma-being-used-in-ecstasy-pills
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hlediska je lze povaZovat za latky, které vykazuji serotonergni
toxicitu na synaptickych zakoncenich. Dale sem patfi
Para-metoxyamfetamin (PMA) a Para-methoxy-N-methyl-
amfetamin (PMMA).

PMA (Para-methoxyamfetamin)

Je latka vyrabéna synteticky, avsak zjistilo se, Ze ji ve stopo-
vém mnozstvi obsahuji i nékteré rostliny. Poprvé se objevuje
na za¢atku 70. let. Casto je prodavan jako extaze, U&inky jsou
témér totozné, avsak vyroba PMA je znacné levnégjsi. Latce
se mezi uZzivateli pfezdiva smrt (death), protoze po uziti vétsi
davky, pfipadné v kombinaci s dal$imi latkami mdze byt smr-
telné nebezpecny. Ma opozdény nastup U¢inku (az 2 hodiny)
a mUze vyvolavat serotoninovy syndrom, zejména diky tomu,
Ze pusobi jako inhibitor monoaminoxidazy (IMAQ) a Ze diky
opozdénému nastupu UCinku jsou UZivatelé Casto presvédéeni,
Ze droga, kterou uzili, je slaba nebo netcinna (Refstad 2003).
PMA je proto zodpovédna za celou fadu Umrti (Kraner et al.
2001; Felgate et al. 1998; Martin 2001). Obvykla davka
40-60 mg, doba trvani UCinkd je velice kratka.

PMMA (Para-methoxy-N-methylamfetamin)

Je latka velice podobna PMA, ale dle uzivateld ma slabsi
UCinky, stejné jako predchozi latka ma vlastni IMAO aktivitu
a opozdény UCinek, je proto také srovnatelné nebezpecna
a zodpovédna za fadu umrti (Becker et al. 2003; Nicol et al.
2015; Lin, Liu, a Yin 2007). Obvykla davka okolo 100 mg,
doba trvani U¢inkU je velice kratka stejné jako u PMA.

2C’s

2C-B (4-brom-2,5-dimethoxyfenylethylamin) na trhu byl tento
fenylethylamin nej€astéji prodavan pod nazvy Bromo, Nexus

¢i Venus, jedna se o nejpopularngjsiho zastupce z rodiny 2C’s.
Poprvé byl syntetizovan Alexandrem Shulginem roku 1974.
Shulgin sam ho pozdéji zaradil do skupiny ,magical half-dozen”,
ktera oznacuje 6 dle Shulgina nejvyznamngjsich fenylethylami-

nU. PFi své praci ho vyuzivali néktefi psychiatfi a psychologové,
kdyzZ se viak v 80. letech rozsifil mezi rekreaéni uZivatele,
doslo k jeho pfidani na seznam zakazanych latek. Pfi niz&ich
davkach puUsobi stimulaéné a entaktogenné pfi vyssich je to
jednoznacné psychedelikum (Dean et al. 2013; Giroud et al.
1998). Obwykla davka 15 a7 25 mg, doba trvani UCinkd 4 az

6 hodin. Jeho nejblizsi analogy jsou 2C-1, 2C-C kde je atom
bromu nahrazen iodem nebo chlorem.

2C-E (Aquarust) byl poprvé stejné jako mnoho dalSich latek

z 2C rodiny poprvé syntetizovan Alexandrem Shulginem. Jde
o halucinogenni latku s dobou pUsobeni priblizné 6 az 10 hodin
(Sacks et al. 2012). Velkou zajimavosti tykajici se této latky je
medialné exponovany pripad z roku 2015, kdy na kongresu
homeopatikd v Hamburku doslo k hromadnému pfedavkovani
29 Ucastniky akce. Internetovy denik idnes psal: , Pacienty

ve véku od 24 do 56 let [ékafi hospitalizovali s halucinacemi,
dychacimi problémy, busSicim srdcem a kfeCemi, nékteré

Z nich ve vazném stavu.” Bé&zna davka 10 aZz 15 mg, doba
pUsobeni 4 az 8 hodin.

2C-T-7 (2,5-dimethoxy-4-propylthiofenylethylamin) znamy
také jako ,Blue Mystic” i ,Beautiful” je dalsi latka zafazena
do elitniho vybéru ,magical half-dozen”, UCinek opét na
pomezi entaktogend a psychedelik/halucinogent. Této latce
jsou pfisuzovana 3 Umrti ve Spojenych statech americkych,
bud' po intranasalnim poziti vétsi davky pfipadné po kombi-
naci s dalsimi latkami (de Boer a Bosman 2004; Schifano

et al. 2005) Obwvykla davka 15 az 25 mg, doba trvani
0¢inkd 6 az 10 hodin.

2C-T-2 (2,5-dimethoxy-4-ethylthiofenylethylamin) je posledni
latka z 2C"s skupiny zafazena Shulginem mezi ,magical
half-dozen”, znama také pod nazvem Rosy. Uéinky je velice
podobny 2C-T-7 (Dean et al. 2013). Obvykla davka

10 az 20 mg, doba pUsobeni 6 az 10 hodin. X

Fenylethylaminové halucinogeny

> TMA skupina zahrnuje 6 izomerU trimethoxyamfetaminu,
znamé jsou pod zkratkou TMA s &isly 1 a7 6 (TMA-1 Casto
oznacovan pouze jako TMA). Jedna se o synteticke latky

s psychedelickymi O&inky. Jednotliva analoga se od sebe lisi
pouze umisténim methoxy skupiny na benzenovém jadre.
Jak strukturalng, tak UCinky jsou velice podobné mezkalinu.
TMA byl poprvé syntetizovan roku 1947, jeho UEinky byly
pozdéji zdokumentovany ve vySe zminéné knize PIHKAL.
(bézna davka 20 az 40 mg, doba pUsobeni 8 az 12 hodin),
dale se |ze na ¢erném trhu setkat s TMA a TMA-6, s ostatnimi
latkami se na trhu nesetkavame vibec nebo pouze sporadicky
(Zaitsu et al. 2008; Shulgin, Bunnell, a Sargent 1561).

DMA skupina neboli dimethoxyamfetaminy jsou psychedelicky
¢i stimulané puUsobici latky. Stejné jako v pfipadé trimethoxy-
amfetamin® jde o 6 izomerU, které se li&i pozici methoxy
skupiny na benzenovém jadre. Jednotlivé latky (2,3-DMA;
2,4-DMA; 2,5-DMA; 2,6-DMA; 3,4-DMA a 3,5-DMA) se viak
mohou lisit svym U€inkem 2,4-DMA ma 0C€inek spise stimu-

laéni podobny amfetaminu, zatimco 3,4-DMA je co do UC€inku
spiSe podobny mezkalinu (Shaler a Padden 15972).

Zasadni jsou vysoce potentni halucinogenni fenylethylaminy
typu DOB, DOM, DOI apod., jez U¢inkuji v fadech jednotek
miligramu (je tedy snadné se predavkovat) a jejichz U&inky
nastupuji ¢asto velmi pomalu a trvaji i nékolik desitek hodin.
Z téchto latek se nejvice v poslednich letech vyskytovaly
DOl a DOC. DOB a DOM se vyskytovali jiz na prelomu tisicileti
a DOM dokonce v 70. letech minulého stoleti (DOM byl
nazyvan jako STP - serenity tranquility peace). Hlavnim
mechanismem UCinku je agonismus na 5-HT2A receptorech.
Jejich toxicita spociva jednak s jejich vysokou potenci

a relativné malym bezpecnym efektivnim oknem z hlediska
davky (u DOB jsou U¢inné davky kolem 1-2 mg a 10 mg

uZ mUze byt smrtelnd), pravdépodobné analogicky jako

u PMMA a PMA i v aktivité IMAO a soucasné i v opozdéném
nastupu UCinku a tim riziku pfedavkovani. Tyto latky se diky
své potenci mohou vyskytovat i v papirovych tripech. X
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FLY varianty halucinogennich a entaktogennich

fenylethylamino

> Tyto varianty fenylethylamin® maji na benzenovém jadre
navéseny furanové heterocykly, takze strukturné to vypada,
jako by jim davaly kfidla. Prvni zastupce z této skupiny byl
syntetizovany v laboratofi prof. Davida NIcholse na zakladé
grafické podobnosi struktury s télem vazky, byl pojmenovan
Bromo-DragonFLY, nasledovala pak dalsi analoga.

Bromo-DragonFLY je potentni halucinogen, ktery se chova
jako neselektivni agonista 5-HT2 receptor® - jeho afinita

pro 5-HT2B i pro 5-HT2c receptory je vyssi nez pro 5-HT2A
receptory. Dale funguje také jako inhibitor monoaminoxidazy A
(MAO-A inhibitor). Pro tuto latku je typicky extrémné dlouhy
¢as pusobeni. B&Zna davka Bromo-dragonFLY je 300 az 500 ug,
doba U¢inku 1 az 4 dny. Diky své vysoké potentnosti mize
snadno dojit k fatalnimu prfedavkovani. Historicky se tak stalo
pri zaméné s latkou 2C-B-FLY, ktera je strukturalné podobna,

avsak vice nez 20x méné potentni (Corazza et al. 2011).
Bromo-dragonFLY byl distribuovan pres internet v pytliccich,
které byly chybné oznaceny jako 2C-B-FLY coZ vedlo

k predavkovani fady lidi.

2C-B-FLY vykazuje jak psychedelicky tak entaktogenni UCinky,
které bézné pretrvavaji 6 az 8 hodin. Jeho jméno bylo znacéné
démonizovano po vySe zminéné aféfe s predchozi substanci.
V poslednich letech se znovu objevuje na trhu (Rickli et al.
2015). Bézna davka 10 az 20 mg, doba U¢inku 7 az 12 hodin.

2C-B-BUTTERFLY

Latka byla syntetizovana poprvé roku 1999, zaznamenana
je vy3&i selektivita pro 5-HT2C ne? pro 5-HT2A. Uginky jsou
podobné jako 2C-B-FLY (Whiteside 2002). X

Tryptaminy

> Samotny tryptamin je monoaminovy alkaloid, ktery je strukturou
velice podobny tryptofanu. Ve stopovém mnoZstvi se vyskytuje
také v mozku savcU a jednou z hypotéz je, Ze zde pini funkci
neuromodulatoru €i neurotransmiteru. Derivaty tryptaminu
jsou skupinou latek s psychotropnimi, u vétsiny tryptamind
halucinogennimi UCinky. Alexander Shulgin popisuje desitky
téchto substancive své knize TIHKAL. Nejznaméjsimi tryptaminy
jsou v prirodé se vyskytujici psilocin (resp. jeho fosfatovy ester
psilocybin) a dimethyltriptamin (DMT, obsazena v jihoameric-
kem napoji Ayahuasca) a synteticky N,N-diethylamid kyseliny
lysergové (LSD).

5-MeO-DMT (5-metoxy-N, N-dimetyltryptamin)

je halucinogen s extrémné kratkym OCinkem (nejCastégji se
udava 15 a7z 30 minut), ktery se v pfirodé nachazi ve velkém
mnoZstvi rostlin (napf. Anadenanthera peregrina) a pfinejmen-
&im u jednoho druhu ropuch (Bufo alvarius). Casto je povaZo-
vana jeden z nejsilngjsich halucinogent/psychedelik vibec.

PFi peroralnim podani je latka bez koaplikace inhibitord
monoaminoxidazy neuginna, nejCastéji se proto voli inhalacni
podani (koufenim). B&Zzna davka Cisté syntetické substance

je 6 az 12 mg, ¢asto se v8ak uziva ve formé extraktu z vyse
zminéné Zaby, a to opét koufenim (Stoff et al. 1978; Riga et al.
2014). Latka je i souCasti pfirodnich Siupacich pfipravkd

z Amazonie vyrobenych z rostliny Anadenanthera peregrina.

S 5-Meo-DMT byla zaznamenana Umrti, oviem vzdy se jednalo
o kombinace s IMAQ, pfipadné dalsimi substancemi,

po samotné latce umrti popsana dosud nebyla.

4-AcO-DMT (4-Acethoxy-N, N-dimethyltryptamin, psilacetin)
Je latka, ktera je strukturalné velice podobna psilocybinu, a jeji
UCinky jsou popisovany témér identicky. Charakteristické jsou
iluze geometrickych tvard, zkresleni barev, zpomalené vnimani
Casu, introspekce a spojeni s vesmirem. Nejcastgjsi davkovani
je v rozmezi 15 az 25 mg., doba Gc¢inku pfiblizné 4 az 7 hodin.
4-AcO-DMT mUze byt patrné stejné jako psilocybin metaboli-
zovan na psilocin. Poprvé byl syntetizovan roku 1963 Albertem
Hoffmannem a Franzem Troxlerem (Nichols 1999).

5-MeO-MiPT (5-methoxy-N-methyl-N-isopropyltryptamin, moxy)
Je podobny vice roz&ifenému 5-MeO-DiPT, pUsobi vysoce
stimula&né a stejné jako tak i u ngj jsou popisovany taktilni
projevy, zejména zesilené vnimani dotykU, aviak bez nezadou-
cich vedlejsich GCinkd. UzZivateli je popisovano zvyseni libida

a diky zesilenému vjemu dotykU i zvySena prozivani sexualni
rozkoSe, ma tedy vyrazni afrodiziakalni UCinky (Rickli et al.
2016; Shimizu et al. 2007). Poprvé byl syntetizovan roku 1985
Davidem Repkem a Alexanderem Shulginem. Obvykla davka

7 az 15 mg, doba pUsobeni 5 az 8 hodin.

Bufotenin (5-OH-DMT), tento alkaloid je fazen mezi takzvané
bufotoxiny, tyto latky ziskaly své jméno diky pfitomnosti

u ropuch rodu Bufo. Vykytuji se viak také v celé fadé rostlin
(napfiklad ve dreviné Anadenanthera peregrina pochazejici

z Jizni Ameriky) a hub. VyuZiti bufoteninu pro jeho halucinogen-
ni U€inky ma dlouhou tradici (Lyttle, Goldstein, a Gartz 1996).
Bé&Zna davka 20 az 40 mg. Doba G¢inku 15 a7 90 minut. X
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Syntetické piperaziny

Strukturalnim zakladem téchto slou€enin je piperazin, ktery
vSak sam o sobé neni psychoaktivni. Latky odvozené od
piperazinu vyuzivany v hojné mife v humanni mediciné jako
antihistaminika, antidepresiva a antipsychotika. Synteticke
piperaziny byly na prelomu tisicileti, v dobé kdy byl nedostatek
prekurzor® na syntézu MDMA, Casto detekovany jako pfimési
v tabletach extaze. Nékdy byly také nalezeny v ,koupelovych
solich”, tedy produktech, které v této dobé obsahovaly
primarné katinony. Nezridka byly prodejci oznaCovany jako
prirodni produkty, avsak jejich povod je Cisté synteticky. Na trh
se dostavaji jako tablety, kapsle nebo v praskové ¢&i kapalné
formé. Zajimavosti je, ze napriklad v Australii byly po urCitou
dobu nékteré syntetické piperaziny prodavany pfimo
na benzinovych pumpach jako legalni stimulanty.

Mechanismus Ucinku

Piperaziny se nejCastéji déli na 2 skupiny — benzylpiperaziny
(BZP, MBZP a DBZP) a fenylpiperaziny (TFMPP, MeOPP).
Benzylpiperaziny uvolfuji z presynaptického zakon&eni dopamin
a noradrenalin a funguji jako inhibitory zpétného vychytavani
monoaminy (Smith, Sutcliffe, & Banks, 2015; Wikstrom,
Holmgren, & Ahlner, 2004). Naproti tomu fenylpiperaziny
pUsobi pfedevsim na serotoninovy systém, jednak jako
inhibitory zpétneho vychytavani, ale i jeho pfimim uvolfova-
nim. Na dopaminergni a noradrenergni systém pusobi take,
avsak v mnohem mensi mife (Nelson et al., 2014).

Zdravotni rizika a toxicita

Priznaky akutni toxicity jsou hyponatrémie, prodlouzeni QT
intervalu EKG zaznamu (které je spojeno se zvySenym rizikem
arytmie) a serotoninovy syndrom zejména v kombinaci s jinymi
latkami. Samotné piperaziny nejsou pravdépodobné samy
primo zodpovédné za jakykoli pfipad Umrti, pokud se jejich

Baleni smési obsahujici syntetické kanabinoidy

1/2020

pritomnost v téle prokazala, vzdy v kombinaci s nékterymi
dalsimi latkami, zejména MDMA & amfetaminy (Smith et al.,
2015; Wikstrom et al., 2004).)

Akutni UCinky

U benzylpiperazint pfevazuji predevsim stimulaéni UCinky,
fenylpiperaziny jsou oproti nim vice entaktogenni a pfi uziti
vyS5i davky mohou pUsobit dokonce halucinogenné.

Ve vyssich davkach mohou syntetické piperaziny zpUsobovat
nepfijemné reakce jako jsou zmateni, paranoia, nespavost,
Uzkost, tfes, poceni, bolesti hlavy, nauzea a palpitace
(Nelson et al., 2014).

Syntetické kanabinoidy

Syntetické kanabinoidy jsou latky, které jsou svym farmakolo-
gickym profilem podobné s pfirodnimi kanabinoidy, v nékterych
pripadech maji podobnou i svou chemickou strukturu.
Psychoaktivni U€inky téch co se vyskytuji na trhu, jsou vétSinou
velmi podobné delta-9-tetrahydrocannabinolu (THC), ktery je
hlavnim zdrojem psychoaktivnich UC€inkd konopnych produktd.
Néktere maji vSak i Uinky podobné kanabidiolu (CBD). V Fadé
pripady se primarné jednalo o latky designovany ke studiu
endokanabinoidniho systému a pro eventualni terapeuticka
vyuziti, dnes jsou nicméné hojné zneuzivany jako ,levné
a legalni” varianty marihuany, ¢asto v podobé homogenizova-
nych smési s rostlinnym nosi€em (smés nejroznéjsi susenych
bylin) ozna€ovanych jako ,Spice” (Barratt, Cakic, a Lenton
2013). Nutno podotknout, Zze otazka legality se v ¢ase méni,

a fada z téchto latek je nyni jiz na seznamu kontrolovanych
substanci. Chemicky jsou rozdéleny do 4 skupin: (i) nejpocet-
né&jsi skupinu tvofi derivaty indol 3-karbonylu; (ii) 3-karbonylové

Pfevzato z: https://www.homeless.org.uk/connect/blogs/2018/jul/ 19/spice-mamba-kronic-synthetics-many-names-one-problem
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derivaty pyrrolu a indazoly, (iii) 3-karbonilamodové (iv)

a 3-karbonylesterové derivaty indolu pfip. indazolu (Seely et al.
2012; Spaderna, Addy, a D'Souza 2013; Castaneto et al.
2014). Nékteré skupiny syntetickych kanabinoidd jsou pojme-
novany podle spole€nosti, ktera nese jejich patent, néktere
také podle védcu, ktefi slouceninu syntetizovali. Napfiklad
skupina JWH je pojmenovana podle iniciald Johna Williama
Huffmana, ktery pusobi jako profesor organické chemie

na univerzité v Jizni Karoling.

Mechanismus Ucinku

Farmakologicky pUsobi predevsim jako agonisté kanabinoidnich
receptord. Ve srovnani s pfirodnimi kanabinoidy tyto NPS maiji
Casto vetsi afinitu i aktivitu na CB1 a/nebo i CB2 receptorech,
a dalSich soucastech endokanabinoidniho systému,

napr. transportér pro anandamid &i FAAH (fatty amino acid
hydroxylase, enzym jenZ degraduje endogenni kanabinoidy).
Vysoké afinité maji leckdy mohutngjsi U€inek ve srovnani

s pFirodnimi kanabinoidy. Navic vzhledem k faktu, Ze jsou
defacto neprozkoumany, nelze vyloucit, Ze mohou
pravdépodobné bohaté interagovat i s jinymi receptorovymi

u nékterych z nich.

Zdravotni rizika a toxicita

Kromé klasickych U¢inkd intoxikace kanabinoidy srovnatelnymi
s THC se u intoxikovaného Elovéka mohou vyskytnout zavratg,
ospalost, deprese, podrazdéni, nevolnost, zvraceni, Casto se
také objevuji poruchy paméti, halucinace, bludy a agresivita
(van Amsterdam, Brunt, a van den Brink 2015; Castaneto

et al. 2014; Gurney et al. 2014). U syntetickych kanabinoid®
bylo také zaznamenano nékolik smrtelnych pfipadU predavko-
vani (Berry-Caban et al. 2013; Trecki, Gerona, a Schwartz
2015). Jednim z dOvodu, pro¢ dochazi k pfedavkovani, je i fakt,
Ze pokoutné vyrabéné smési Spice nejsou dobfe homogenizo-
vany. To vede k situaci, kdy i napfiklad v jednom jointu mohou
byt ¢asti, kde je koncentrace kanabinoidy vyrazné vyssi nez

v jinych, mizZe se tak stat, Ze se pfi koufeni otravi pouze jedna
osoba, zatimco ostatni jsou intoxikovani pouze mirné. Jelikoz
syntetické kanabinoidy maji odliSnou chemickou strukturu nez
pfirodni kanabinoidy, pouZivané testy na pritomnost THC a jinych
kanabinoidd pfitomnych v marihuané zde selhavaji, proto
detekce syntetickych kanabinoid¥ u intoxikovanych pacientd
mUZe byt problematicka (Namera et al. 2015; Seely et al.
2012). I v Cechach jsme se setkali s fatalnimi intoxikacemi, byt
se nejednalo o pusobeni pouze téchto latek ale o kombinaci

s alkoholem. 11. zafi 2018 v Ostravé dochazi k Umrti muze

(32 let), ktery pozil synteticky kanabinoid spolu s v&tsim mnoz-
stvim alkoholu. Druhy, o 4 roky starsi, muz, ktery spolu se
zemrelym latky konzumoval, byl hospitalizovan ve vazném stavu.

Adiktivni potencial

Na rozdil od pfirodnich, nékteré ze syntetickych kanabinoidd
maji vysoky adiktivni potencidl, po pferuseni jejich uzivani

se objevuji nejen psychicke ale i télesné (somaticke) odvykaci
zachvaty, tachykardie, dyspnea, bolest na hrudi, palpitace,
zavazné Uzkosti, bolesti hlavy, nespavost, nauzea pfipadné
zvraceni, ztrata chuti (Cooper 2016; Uttl et al. 2018).

S5F-MDMB-PINACA

Tento synteticky kanabinoid byl v roce 2017 NPS s vibec
nejvys$im celkovym zachycenym mnozstvim v CR (5,4 kg)
(Mravcik et al. 2018). Poprvé byl identifikovan roku 2014 v post-
mortem vzorcich odebranych ze zemrelé osoby v Japonsku po
predavkovani neznamou substanci. Nasledné testovani odhalilo
pritomnost této latky u 10 dalSich zemrelych osob (Hasegawa,
Wourita, Minakata, Gonmori, Yamagishi, et al. 2015).

MDMB-FUBINACA

V roce 2014 doslo v Rusku béhem 2 tydnu k vice nez

600 otravam v 15 pfipadech smrtelnych. Dal&i smrtelné pfipady
byly zaznamenany na Uzemi Béloruska (Gamage et al. 2018).

MDMB-CHMICA

Opét se jedna o vysoce potentniho agonistu CB1 receptort.
Nejzavaznéjsimi vedlejsimi U¢inky jsou metabolicka a respira-
torni acidéza, zachvaty, ztrata védomi, pfipadné kéma.

V Evropé ma na svédomi pfingjmensim 29 lidskych Zivoto,
nejvice ve Velké Britanii a Svédsku (Adamowicz 2016;
Westin et al. 2015).

5F-PB-22

Latka je zodpovédna minimalné za 5 smrtelnych pfipadt na
Uzemi USA. Néktefi uZivatelé hlasi vedlejsi U¢inky jako napfiklad
nevolnost popfipadé i zvraceni, Uzkostné stavy, zhorSenou
koordinaci a zmateni, zachvatovité stavy (Behonick et al. 2014).

JWH-018 (1-pentyl-3-(1-naftoyl)indol)

Latka ziskala jméno podle chemika John W. Huffmana, ktery ji
poprvé syntetizoval. Jeho afinita k CB1 receptoru je pfiblizné
5x vy&8i, nez u THC. Obvykla davka 2 az 3 mg, doba trvani
0Cinkd 1 az 2 hodiny. JWH-018 je zodpovédné za pfinejmen-
§im dva pfipady mozkové mrtvice u jinak zdravych jedinct
(Every-Palmer 2011; Shanks, Dahn, a Terrell 2012).

Nékteré studie uvadéji, Ze halogenované analogy syntetickych
kanabinoidt maji stejné ¢i velice podobné Gcinky, ale maji
méné vedlejsich efektd. U nékterych latek vSak podle vieho
vede halogenace k vyrazném zvy3eni toxicity dané latky
(Vigolo et al. 2015).

Napfiklad v souvislosti s uzitim MDMB-FUBINACA, MDMB-
-CHMICA, 5F-MDMB-PINACA bylo zaznamenano 45 zavaznych
nezadoucich 0¢inkd, 18 Umrti a 27 nefatalnich intoxikaci.

Mezi nejCastéji zachycené syntetické kanabinoidy v r. 2015
patfily ADB-FUBINACA, AB-CHIMINACA, UR-144, 5F-AKB48,
ADB-CHMINACA. X

Aminoindany

> Jak jiz bylo zminéno vy3e v textu, aminoindany jsou relativné
nova skupina vyskytujici se na poli NPS. Prvni charakteristiky
této skupiny latek miZzeme vystopovat ve 40. letech 20. stoleti,
kdy se zkoumal jejich bronchodilataéni a vasoaktivni UCinek
(Levin, Graham, a Kolloff 1944), v 60. létech pak i potencialni
analgeticke UCinky (Solomons a Sam 1973). Zasadnim
okamzikem byl oviem az vyzkum Dr. Nicholse zabyvajici se
psychoaktivnimi efekty aminoindand (Nichols et al. 1990;
Johnson et al. 1991; Johnson, Conarty, a Nichols 1991;
Marona-Lewicka a Nichols 1994). Spolu se zavedenim nové
tfidy drog — entaktogeny/empatogeny’ (Nichols et al. 1986)
(typickou drogou této skupiny je napr. MDMA neboli extaze),
zacal Dr. Nichols a jeho tym rozvijet vyzkum latek s kyzenym
entaktogennim UCinkem. Jeho vizi bylo vyvinout latku, ktera
nebude mit neurotoxické U¢inky jako MDMA a bude vyuZivana
pro facilitaci psychoterapie (Nichols a Oberlender 1990).

' Latky, které nespadaji svymi UCinky ani do stimulantd, ani do halucino-
genU. Podstatou jejich U€inku je facilitovat komunikaci, navozuji empatii
a hlub&i emoéni proZitky
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Po chemické strance jsou aminoindany rigidni analogy
amfetaminu diky vazbé alfa uhliku na aromaticky kruh
(Fuller, Baker, a Molloy 1977). NejznaméjSimi aminoindany
mezi uZivateli jsou 5,6-methylendioxy-2-aminoindan (MDAI),
5,6-methylendioxy-N-methyl-2-aminoindan (MDMAI),
5-iodo-2-aminoindan (5-1Al), 2-aminoindan (2-Al),
5-methoxy-6-methyl-2-aminoindan (MMAI)

a 5-methoxy-2-aminoindan (MEAI).

Mechanismus Ucinku

Hlavnim mistem pUsobeni aminoindany je serotonergni
(5-HT) systém. Ve studiich zamé&fenych obecné& na monoami-
novy systém se MDAI ukazalo jako vysoce potentni inhibitor
zpétného vychytavani pravé 5-HT spiSe nez dopaminu (DA)
¢i nonvesikularniho vylevu DA. Latky jako 5-1Al a MMAI pak
naopak nonvesikularni vylev 5-HT, dale DA a noradrenalinu
(NE) zvysuji. MMAI je navic 100x selektivnégjsi pro inhibici
zpétného vychytavani 5-HT nez DA (Johnson, Conarty,

a Nichols 1991). Akorat u 2-Al byla prokazana zejména inhibice
NE transportérd oproti 5-HT a DA transportérdm. Neméné
dUlezitym faktem je i to, Ze aminoindany zpUsobuji reversni
vylev monoamind pfes transportéry zpétného vychytavani
(Simmler et al. 2014).

Akutni ucinky

Vzhledem k tomu, Ze Zadné klinické studie zamé&fené na
aminoindany neexistuji, zdrojem informaci o akutnich U&incich
jsou diskuzni féra a webové platformy uZivatelU (Drugs-Forum?,
Erowid?, PsychonautWiki* aj.). Zde uZivatelé sdileji své
subjektivni zazitky, nezadouci efekty, doporuéené davky apod.
Mezi hlavni UCinky MDAI a 5-1Al jsou Fazeny euforie, empatie,
stimulace (neni pfipad MDAI) a zlep$ena kognice. U&inky MEAI
jsou pripodobriovany alkoholu — jako stfedné euforicke,

a7 na absenci kocoviny nasledujici den (Shimshoni et al. 2017).
Jako nezadouci GCinky jsou uvadény dehydratace, zvysena
perspirace, Uzkost, deprese, panické zachvaty a tachykardie.
ZpUsoby podani jsou rizné, nej¢astéji se oviem setkame

s oralnim podanim a fzv. Snupanim. Koufeni aminoindand

¢i jejich injek&ni aplikace zatim nebyly nikde zminény. Nastup
pozadovanych 0¢inku po oralnim podani je zpravidla okolo

30 min s vrcholem mezi 45 min — 3 h (tento Siroky rozptyl

je dan vngjSimi okolnostmi, jako je Cistota latky nebo obsah
jidla v Zaludku) (Corkery et al. 2013). UzZivateli doporucené
davky pro stfedni efekt jsou pro MDAI 100-150 mg, 2-Al
10-20 mg, 5-1A1 100 mg a MEAI 70-140 mg, v3e pro oralni
podani (Shimshoni et al. 2017).

Zdravotni rizika a toxicita

Pro U¢inky podobné extazi jsou aminoindany ¢asto uzivany
na tanecnich party a veCircich. NeoCekava se ovsem pouze
entaktogenni UCinek, ale také stimulace kvuli tanci. Stimulacni
efekt aminoindany je nicméné minimalni, jelikoz cilovym
systémem je systém 5-HT, nikoliv DA (Nichols et al. 1990;
Johnson, Conarty, a Nichols 1991). To €asto vede ke konzu-
maci aminoindant ve vétsich davkach (kvuli navyseni
vyplavovani DA) nebo ke kombinaci s jinymi stimulanty jako
je amfetamin, kokain nebo MDMA. Kombinovani s jinymi
drogami muozZe vést k nec¢ekané neurotoxicité a kardiotoxicité
a je hodnoceno jako vysoce rizikové (Corkery et al. 2013;
Monte et al. 1993).

Intoxikace MDA je spojovana s ledvinovym selhanim,
syndromem akutni respiracni tisng, jaternim selhanim

2 https://drugs-forum.com/
* https://www.erowid.org/
* https://psychonautwiki.org

a zvySenym rizikem vyskytu primarna plicni hypertenze

€i chlopennimi vadami (Gallagher et al. 2012). V animalnim
modelu MDA vyrazné zvySovalo télesnou teplotu zvirat

a ve vysokych davkach (40 mg/kg) se ukazalo vysoce

5-HT toxické. Pitva uhynulych zvifat prokazala serotoninovy
syndrom, mozkovy edém a diseminovanou intravaskularni
koagulopatii (Palenicek et al. 2016). Ve spojitosti s MDAI bylo
hlaseno i nékolik Umrti, aviak v toxikologickych testech se
vzdy prokazaly ijiné drogy (Corkery et al. 2013; Staeheli

et al. 2017). 5-1Al a 2-Al bylo téZ spojeno s nékolika Umrtimi
mezi lety 2010-2012 (Elliott a Evans 2014). X

Katinony

> Katinon je latka, které se pfirozené vyskytuje v listech katy
jedlé (Catha edulis), kefe vyskytujiciho se v oblastech zapadni
Afriky a na Arabském poloostrové (Brenneisen et al. 1990).
Zvykani listy katy hraje dlezitou roli v taméjsich kulturnich

a socialnich tradicich jiz po dlouha staleti. Po identifikaci
katinonu jakozto hlavni psychoaktivni slozky bylo postupné
syntetizovano mnoho derivatd této latky, s UCinky stimula&nimi
a7z entaktogennimi. Nékteré syntetické derivaty byly pdvodné
urceny k terapeutickym UCeltm, ale diky svym euforickym
UCinkom zacaly byt zahy zneuZivany (Valente et al. 2014)

a dodnes se objevilo obrovské mnoZstvi novych latek,

které nikdy nemély jiné vyuZiti neZli jako NPS.

Nejcastéji se na ilegalnim trhu katinony vyskytuji v praskove &i
krystalické formé, maji typicky bilou barvu, nékdy vSak mohou
byt zbarveny i do Zluta &i do hnéda a jsou prakticky bez zapa-
chu (Zawilska a Wojcieszak 2013). K velkému rozvoji jejich
prodeje doslo stejné jako u ostatnich NPS predeviim diky
jejich docasné legalnimu statusu a také diky snizujici se kvalité
drog bézné dostupnych na ¢erném trhu. Prvnimi z katinond,
které se na trhu objevili jiz v 90. letech, byly methylon a buty-
lon, velmi zahy se pak na scéné objevil mefedron (4-methyl-
metakatinon, 4-MMC, MCAT), €asto také nazyvany jako droga
»mnau, mRau). Po jeho zakazu nasledovaly blizké analogy,
napr. 4- a 3-methylethkatinon (4-MEC, 3 MEC), halogenova-

OBRAZEK 5
»Koupelova sal”

Pfevzato z: https://drugfreeva.org/sink-or-swim/drug-facts/street-
-drugs/bath-salts/#gallery-image/3
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né derivaty a fada dalSich. V posledni dobé se setkavame s
velkym rozsifenim pyrrolidinofenonovych katinont alpha-PVP
a MDPV, jez maji velmi vyrazny navykovy potencial, odvykaci
stavy jsou provazeny delirantnimi pfiznaky a byly popsany i
pripady kanibalismu. V USA se vyskytuji pod nazvem ,Flakka”.

Akutni Uginky

Syntetické katinony mohou v zavislosti na konkrétni latce
navozovat UCinky stimulacni a entaktogenicke. Typické jsou

u stimulacénich katinond pocity velkého mnoZzstvi energie,
nepotfeba spanku, zvySeni pozornosti. U téch s entaktogennim
UCinkem pak i pocity empatie a otevienosti, pfipadné mohou
zvySovat libido. Na druhou stranu vSak mohou vyvolavat
nepfijemné stavy, zejména paranoidni a Uzkostné prozitky,
ale i podrazdénost, neklid, agresi, zmateni, halucinace,
neschopnost prozivani emoce. Mezi somatické U&inky patii
kardiovaskularni (tachykardie, arterialni hypertenze, palpitace,
dyspnoe, bolest na hrudi, vazokonstrikce), metabolické
(hyponatrémie, hypokalémie a acidéza), neurologické
sympatomimetické (bolest hlavy, zachvaty, tfes, mydriaza,
parestezie), gastrointestinalni (pocit na zvraceni, zvraceni,
bolest bficha) a i nékteré dalsi (myoklonus, zvySeni télesné
teploty (hypertermie), poceni, skiipani zub® (bruxismus))
(Murphy et al. 2013; Ross, Watson, a Goldberger 2011;
Spiller et al. 2011; Wood et al. 2010).

Zdravotni rizika a toxicita

Syntetické katinony mohou pUsobit toxicky: akutné somaticky
— infarkt myokardu, serotoninovy syndrom, hypertermie.
Napfiklad u oblibeného mefedronu byla popsana také akutni
myokarditida (zanét srdecniho svalu), pfisuzovana pfimému
toxickému pUsobeni na srdeéni svalové buniky, pfipadné skrze
U€inek na imunitni systém (Nicholson, Quinn, a Dodd 2010).
PFi chronickém uzivani mohou pUsobit hepatotoxicky,
neurotoxicky, zpUsobovat multiorgdnova selhani, metabolické
acidézy; z hlediska psychiatrickych U¢€ink( pak mohou
indukovat deprese, zavislost, panické reakce, toxicke
psychozy. Toxicita mdZe byt ovlivnéna i zpUsobem podani
latky pficemz nejvétsimu nebezpedi se uZivatelé vystavuji

pri intravenozni aplikaci (Maurer et al. 2004).

Mechanismus Ucinku

Katinony zvy3uji synaptickou hladinu monoamin®, predevsim
serotoninu, dopaminu a noradrenalinu. Zvy3eni hladiny t&chto
neurotransmitery je zpUsobeno blokadou resp. dokonce
pfevracenim funkce transportérovych systému, které jsou
zodpovédné za zpétné vychytavani vyse uvedenych
neurotransmiter’ ze synaptické Stérbiny (Cozzi et al. 1999).
Jejich selektivita pro jednotlivé transportérové systemy —
dopaminovy (DAT), serotoninovy (SERT) a norepinefrinovy
(NET) se mezi odliSnymi substancemi znacné lisi (Simmler

et al. 2013). Dalsim mechanismem vedoucim k navyseni
hladiny monoaminU, kterym nékteré katinony pdsobi,

je zvySené vyplavovani z presynaptického zakon€eni neuronu.
ZvySena hladina neurotransmitert v synaptické stérbiné
vede ke zvySeni stimulace postsynaptickych receptort

jak v mozku, tak i na periferii (Osorio-Olivares et al. 2004).

Obecné syntetické katinony prechazeji pres hematoencefalic-
kou bariéru hufe nez amfetaminy a to predevsim diky

B-keto skuping, ktera znacné zvysuje jejich polaritu (Coppola
a Mondola, 2012, (Krikorian 1984), proto je pro vyvolani
UCinku srovnatelného s amfetaminy ¢asto nutno uzit vyssi
davku (Krikorian 1984). Vyjimku z tohoto pravidla viak tvofi
pyrrolidinové derivaty (Gibbons a Zloh 2010), mezi které patfi
napfiklad vySe zminéné MDPV a nafyron, ale také dalsi latky
jako napfiklad 3',4'-methylenedioxy-a-pyrrolidinopropiofenon
(MDPPP) (Springer, Fritschi, a Maurer 2003).

Navykovy potencial

Schopnost vyvolat zavislost u pokusnych zvirat jiz byla

u nékterych ze substanci jednoznacné potvrzena v testech
podminéné preference mista® &i v self-administranich
experimentech® — napfiklad u mefedronu, metylonu, nafyronu
a MDPV (Karlsson et al. 2014).

Odvykaci stavy

Odvykaci stavy po katinonech se pfilis nelisi od jinych
stimulants, zahrnuji jak fyzické (poceni, tfes, Unava, zvyseny
tep a tlak, bolest hlavy, prijem), tak psychické (bazeni

po droze, Uzkost, deprese, paranoia, spankové problémy)
priznaky, které se lisi v zavislosti na uzivané latce (Winstock
et al. 2011; Coppola a Mondola 2012). Odvykaci stavy byly
pozorovany zejména pfi dlouhodobém uzivani MDPV a a-PVP.

Zneuzivané substance spadajici do skupiny

syntetickych katinon0

V soucasné dobé je znamo jiz vice nez 100 substanci, které se
fadi mezi syntetické katinony. Ukolem nasledujiciho prehledu
proto rozhodné neni podat vycerpavajici seznam vsech jednot-

livych latek, ale seznamit ¢tenare s vyznamnégjsimi z nich.

Mefedron (4-methylmethkatinon, 4-MMC), MCAT, mef

¢i mARau-mnau, je prvnim syntetickym katinonem, ktery dosahl
v Evropé masového rozsifeni. Na trh pronikl okolo roku 2006
ve Velke Britanii. Jeho U€inky jsou jak stimulacni, tak i entakto-
genni (Winstock et al. 2011; Winstock et al. 2011).
Nejpribuznéjsimi katinony, které ho zacaly zahy nahrazovat,
byly latky 4-methylethkatinon (4-MEC), 3-MEC, 3-FMC

a efedron. V poslednich letech se nejhojnégjSiho rozsifeni
dockal pfedevsim pentedron, ktery ma U€inky viceméné
podobné mefedronu. Obvykla davka 45 az 80 mg, doba trvani
UCinky 3 az 6 hodin.

Efedron («-methylamino-propiofenon, methkatinon), stimulant
typicky vyrabény z efedrinu, je zajimavy mj. i diky tomu,

Ze po delsi dobé injekéniho podavani, pfedevsim v nékterych
vychodoevropskych zemich, zpUsoboval obtize napadné
pfipominajici Parkinsonovu chorobu. Pozdé&ji bylo zjisténo,

Ze tyto nepfiznivé U¢inky jsou vyvolané oxidem manganicitym,
ktery vznika pfi vyrobé z katalyzatoru oxidoredukénich reakci

a diky nedokonalému &isténi zOstava ve finalnim produktu jako
necistota (Sikk et al. 2011).

Metylon jeho O&inky jsou predevsim stimulacni, avsak i zde
se &astecné projevuje entaktogenni ptsobeni (Stefkova et al.
2017). Obvykla davka 150 a7z 225 mg, doba trvani UCinkd

2 a7z 4 hodiny.

MDPV (3,4-methylendioxypyrovaleron, v Cesku nejéastéji pod
nazvem Funky) i tento stimulant je diky pritomnosti pyrrolidino-
vého kruhu, stejné jako nafyron, vice lipofilni nez ostatni
katinony. Tato latka ma pravdépodobné na svédomi nékolik
pripad’ umrti (Coppola a Mondola 2012), chova se jako
typicky stimulant s mirnymi psychomimetickymi UC€inky

® Pri testu podminéné preference mista je podani drogy asociovano
s pfitomnosti v jednom ze dvou kompartmentd aparatury (ten musi
byt zvifetem spolehlivé rozliSitelny), druhy kompartment je asociovan
s podanim vehikula, které nema zadny Uc¢inek. Pokud po urcité dobé
podmifiovani zvife ve zvyiené mife vyhledava kompartment asociovany
s podanim drogy i bez jeji piftomnosti, lze usoudit, Ze podévana latka
vyvolava zavislost.

& Self-administrace je formou operantniho podmifovani, kdy zvife po
stlaceni packy obdrZi nej¢astéji intravendzné &i intracerebraing déavku
drogy. V experimentu se sleduje zda, a pfipadné kolikrat, je zvife
ochotno stlacovat packu pro obdrZzeni své davky drogy.
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(Horsley et al., 2018). Obvykla davka 8 az 14 mg, doba
trvani Ucinkd 2 az 7 hodin.

a-PVP, substance €astéji znama pod svym pouli€nim nazvem
flakka, dostala od médii pfezdivku zombie drug. Oblibenou se
stala diky velice priznivé cené. Euforické 0Cinky po jejim pozit
se viak mohou velice snadno vystupnovat a osoba pod viivem
drogy mUzZe prozivat désivé bludy, paranoidni psychézu,

&i extrémni agitaci (Crespi 2016). Zajimavosti je, Ze nékteré
pfipady Umrti po uZiti drogy tak nejsou pfimo fyziologickym
nasledkem jejiho pUsobeni, ale jsou zpUsobeny dalsi osobou,
ktera je konfrontovana s vyrazné agresivnim chovanim jedince

(European Monitoring Centre for Drugs and Drug Addiction

a Europol 2015). Dnes se kromé této latky setkavame s dalSimi
analogy, napfiklad a-PHP a «-PBP. Obvykla davka 5 a7z 15 mg,
doba trvani GCinkd 30 az 60 minut.

Nafyron, nazyvan NRG-1, 0-2482, pfipadné Energy 1,

se objevil na trhu spolu s dalsimi syntetickymi katinony brzy
po pridani mefedronu na seznam zakazanych latek (Schifano
et al. 2011). Tato stimulaéni droga je pfiblizné tisickrat
lipofilngjsi nez ji pfibuzné MDMA a mefedron (Meltzer et al.
2006). Vysoka lipofilita zajistuje vySsi prostupnost latky
hematoencefalickou bariérou. X

Disociativni anestetika (disociativa)

> Mezi disociativni anestetika, jeZ jsou primarné antagonisté
N-methyl-D-aspartatovych (NMDA) glutamatovych receptord,
patfi predevsim arylcyklohexylaminy (ketamin, fencyklidin
(PCP) a jgjich analoga), morfinany (dextrametorfan, dextrorfan)
a diarylethylaminy (difenidin (DPD), metoxfenidin (MXP),
efenidin (EPE).

Akutni Uginky

Mezi uzivateli jsou vyhledavané pro své halucinogenni/psyche-
delické UCinky, charakteristické je pro né zkresleni smyslového
vnimani. Popisovany jsou pfiznaky derealizace, senzoricke
deprivace, disociace z télesné schranky, euforie, pocity klidu
a miru, zvysena empatie a potfeba socialnich interakci, pocity
hlubsiho porozuméni vlastniho ja, separace od vngjsiho svéta.
Nepfijemné a ohrozujici reakce po poZiti arylcyklohexylamind
zahrnuji Uzkost, paranoidni a psychotické reakce, zmatenost,
dezorientaci, problémy se spankem, tachykardii, hypertenzi,
nauzeu pfipadné i zvraceni, zachvaty, katatonii, ataxii

a nystagmus (Horsley et al. 2016; Shields et al. 2012;
Corazza et al. 2012).

Arylcyklohexylaminy

Metoxetamin (3-Me0-2'-Oxo-PCE, MXE, Mexxy) byl poprvé
syntetizovan v roce 2010 za U€elem prodeje na €erném trhu
jako nahrada za ketamin, ktera je Setrna k mo€ovému méchyfi.
Byl specialné syntetizovan tak, aby byl GCinn&jsi pfi nizsich
koncentracich nez ketamin a v téle tak nedochazelo k hroma-
déni urotoxickych metabolitd (Morris a Wallach 2014).

Tato jeho charakteristika je vSak vysoce sporna, jelikoz jsou
publikovany studie, které toto tvrzeni vyvraceji (Dargan et al.
2014). Metoxetamin ma UCinky velice podobné ketaminu,

tzn. zlepSeni nalady s disociativnimi a halucinogennimi prvky
pfi niz8ich davkach, pfi vyssich zménéné stavy védomi.

Na rozdil od ketaminu, ktery pUsobi po kratkou dobu, U&inky
metoxetaminu mohou pretrvavat po nékolik hodin (Corazza
et al. 2012). Po poziti metoxetaminu byl jiz zaznamenan vétsi
pocet fatalnich intoxikaci (Adamowicz a Zuba 2015; Wikstrom
et al. 2013). Obvykla davka 25 a7 45 mg, doba trvani U&inkd
4 a7 6 hodin.

sw s

zménou oproti jeho struktufe je absence chloridové skupiny
na aromatickém jadru. Tato latka byla pdvodné patentovana
jako lécivo vhodneé k |eé€bé bakterialnich, houbovych, virovych
a protozoalnich infekci a také jako imunomodulator s imuno-
supresivnimi UCinky (Jurasek et al. 2018) . Obvykla davka

20 a7z 30 mg, doba trvani U¢inkd 4 az 6 hodin.

3-Methoxyfencyklidin (3-MeO-PCP, pfipadné pouze 3-MeOQ)
se vaze na NMDA receptory s vy$si afinitou nez PCP i nez

2- a 4- MeO-PCP. Subjektivni 0Cinky jsou popisovany jako
vyrazné vice stimulujici nez je tomu napfiklad u ketaminu

&i metoxetaminu. Dle uZivatelskych reportU latka vyvolava

ve vys§i mife, nez je tomu u ostatnich disociativnich anestetik,
manické stavy, bludy a psychotické stavy. Jeho adiktivni
potencial je vyssi nez u vétsiny ostatnich arylcyklohexylaming,
uZivateli je popsana fyzicka zavislost s nepfijemnymi odvykaci-
mi stavy. Jde o latku pomérné nebezpecnov, je ji pfipisovano
nékolik smrtelnych intoxikaci (Johansson et al. 2017; Bakota
et al. 2016). Obvykla davka 8 a7 15 mg, doba trvani UCinkd

4 a7 8 hodin.

Morfinany

Dextrometorfan a dextrorfan

Dextrometorfan se b&zné vyuZiva jako UCinna latka v mnoha
volné prodejnych antitusicich. Radi se mezi syntetické opioidy,
avsak pri uziti vyssi davky jeho UCinek odpovida disociativim.
Dochazi k tomu proto, Ze v téle je metabolizovan na dextrorfan,
ktery pUsobi jako antagonista NMDA receptor® (Martinak et al.
2017). Obvykla disociativni davka dextrometorfanu je 200 az
400 mg, doba trvani U¢inkU 8 az 12 hodin.

Diarylethylaminy

Difenidin (1,2-DEP, DPD) byl poprvé syntetizovan roku 1924,
na trhu se viak objevil aZz v roce 2013, kdy byly v UK arylcyklo-
hexylaminy zafazeny na seznam zakazanych latek. V nasledu-
jicim roce se v Japonsku latka zaCala prodavat ve smési spolu
se syntetickymi kanabinoidy, tato kombinace méla na svédomi
minimalné jeden pripad smrtelného predavkovani (Hasegawa,
Wourita, Minakata, Gonmori, Nozawa, et al. 2015). Pfi nizZsi
davce vyvolava difenidin euforické pocity pripominajici U€inek
efedrinu. Obvykla davka 85 az 110 mg, doba trvani G&inkd

2 a7 5 hodin.

Methoxfenidin (2-MeO-Diphenidin, MXP) je poprvé zminén
roku 1989 v patentu, kde se pocita s jeho testovanim jako
potencialni 1é€bou pfi neurctoxickych poskozenich. Na €erném
trhu se objevuje ve stejnou dobu jako difenidin. Obvykla davka
75 az 120 mg, doba trvani UEinky 6 az 8 hodin (Hofer et al.
2014; Wallach et al. 2016).

Efenidin (NEDPA, EPE) se objevuje na trhu spolu s vyse
zminénymi diarylethylaminy. Uvadi se, Ze nastup U¢inku je
mnohem rychlejsi, pokud je pfijiman inhalacné nikoli peroralng
(Kang et al. 2017). %
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®  Abstract

Naphyrone is cathinone analogue that is still available to buy for recreational use despite
being banned in many countries. Little is known about its safety and abusive potential. Our
study is designed to evaluate abuse potential of naphyrone in CPP test using animal model
(male Wistar rats) and compare its effect with an active comparator — methamphetamine.
Wistar rats received subcutaneous injections of naphyrone (5, 10 and 20 mg/kg) or
methamphetamine (1.5 mg/kg) prior to conditioning sessions in a conditioned place
preference (CPP) paradigm. The drug was paired for 4 conditioning sessions with one of the
two main compartments of a 3 compartment place preference apparatus. After the
conditioning phase animals were tested for place preference by determining the change in
proportion of time spent in the drug-paired compartment during a 15 min test session.
Naphyrone 5 mg/kg and 20 mg/kg alongside with methamphetamine significantly increased

time spent in the drug-paired compartment.

* Introduction

Novel Psychoactive Substance (NPS) is a term that refers to substances which mimic the
effects of established illicit drugs, but at least for a while they are not controlled by
legislation. NPSs are usually sold as research chemicals, bath salts or plant fertilizers. There is
no assurance that content is the same as advertised (Brenneisen, Fisch et al. 1990, Corazza,
Schifano et al. 2011, Rosenbaum, Carreiro et al. 2012).

Synthetic cathinones are chemically related to monoamine alkaloid cathinone, the primary
psychoactive compound of khat plant (Catha edulis) (Brenneisen, Fisch et al. 1990). Khat

chewing is a social custom in the Horn of Africa and in Arabian Peninsula for more than a



thousand years, it causes excitement and euphoria (Valente, Guedes de Pinho et al. 2014).
Structurally and pharmacologically they resemble amphetamine and 3,4-
methylenedioxymethamphetamine (MDMA). Synthetic cathinones are mostly less lipophilic
than amphetamine and methamphetamine, it means they have a lower ability to cross the
blood-brain barrier (BBB). Naphyrone and some other cathinones carry pyrolidione circle
which is highly lipophilic structure, so the molecules that contains it permeate the BBB much
easier (Meltzer et al., 2006). Synthetic cathinones pose risk for public health for more
reasons - possible Interaction between synthetic cathinones and prescription drugs may
influence therapeutical efficacy of the drug and also increase drug toxicity (Contrucci, Brunt

et al. 2020).

Few months after mephedrone was listed as controlled substance, the press was already
reporting on the new drug - naphyrone (Brandt, Wootton et al. 2010). Naphyrone acts as a
non-selective reuptake inhibitor, it inhibits dopamine (DAT), norephinephrine (NET) and
serotonine (SERT) transporters. For this reason, together with substances with similar
effects, it is called triple reuptake inhibitor. All three transporters are inhibited with
approximately same selectivity. In Vitro DAT/SERT ratio is 2,0 (1,5-2,7), it resambles other
cathinones — methylone, mephedrone, buthylone and ethylone and also cocaine (Simmler,
Buser et al. 2013). In Vitro studies suggest that naphyrone inhibits DAT, NET and SERT with
potency approximately 10x higher than cocaine does (Meltzer, Butler et al. 2006).
Naphyrone has fast pharmacokinetics within 30 min after application. The highest
concentrations is found in lung tissue followed by brain tissue. Acute administration of

naphyrone shows a dose dependent stimulant effect (Pinterova-Leca, Horsley et al. 2020).

*  Materials and methods

* Animals

All animals were male outbred Wistar rats acquired from VELAZ (Prague, Czech Republic)
weighing varied between 200-275 g at the start of testing. Rats were housed two per cage
under controlled humidity (30 - 70%) and temperature (22+2°C) with unlimited access to
food pellets and water. Lights were on from 6:00 h to 18:00 h and experiments were carried
out between 7:00 h and 16:00 h. Animals were habituated at least 7 days to laboratory

conditions before being used in experiments; during this period they were weighed at least



twice and handled four times. Experiments were conducted under the same standard
temperature and humidity conditions as in the animal housing facility. Experimental groups
included 11 to 13 animals.

All procedures were conducted in accordance with the principles of laboratory animal care of
the National Committee for the Care and Use of Laboratory Animals (Czech Republic), and
according to Guidelines of the European Union (86/609/EU). The protocol was approved by

the National Committee for the Care and Use of Laboratory Animals (Czech Republic).

* Dosage

The naphyrone doses used in the present study were selected in line with our current study
(Pinterova-Leca, Horsley et al. 2020) focusing on acute effects and pharmacokinetic and in
accordance with user reports on potency and also based on its affinity to monoamine
transporters (Liechti 2015). Naphyrone was dissolved in saline solution (0.9% NaCl) at doses
5, 10 and 20 mg/kg. In a volume of 2 ml/kg and administered subcutaneously (s.c.) in all
cases. On days without active drug, animals were treated with an equivalent volume of saline
solution (VEH). As an active comparator, methamphetamine in a dose of 1,5 mg/kg was used.
This dose was selected since several previous studies found doses ranging from 1 to 3 mg/kg

producing CPP (Shimosato and Ohkuma 2000).

* Conditioned place preference test (CPP)

Apparatus and software

Three-compartment CPP apparatus was used, which consisted of two equally-sized
conditioning compartments (45x50 ¢cm) and one neutral compartment (35x20 cm). In order to
distinguish the two conditioning compartments, visual differentiation were used: 1) different
wall patterns - one of the conditioning compartments had striped walls, the second had
checkered walls; II) shape alternations of the space - three-sided plastic prisms placed in
different corners in each compartment and III) different floor patterns were used for tactile
differentiation — one floor was striped, the other with round-shaped holes. The neutral
compartment had transparent walls and floor. Each compartment was separated from the other
by a guillotine-style door that were operated manually by the experimenter. Time spent in
each compartment was registered and pre-processed by an automatic video tracking system

(EthoVision XT v. 1.5, Noldus, Netherlands).



The CPP experiment consisted of four phases: (I) habituation; (II) pre-conditioning; (III)
conditioning; (IV) post-conditioning. During habituation (day 1), rats received vehicle
immediately before being placed individually into the neutral compartment, the doors were
opened and they were allowed to explore freely the whole CPP apparatus for 15 min. On day
2, a pre-conditioning test was performed to determine baseline chamber preference. The rats
received vehicle immediately before placement in the neutral compartment followed by 15
min exposure to the entire CPP apparatus, as in habituation. The rats which spent more than
80 % of total time (i.e.12 min or more) in one chamber were considered to have an initial bias
for one chamber and were eliminated from experiment (Berry et al., 2012). Conditioning
started the day after pre-conditioning and was conducted for eight days (days 3 — 10). We
used an unbiased design which means regardless of initial preference rats were pseudo-
randomly distributed to drug treatment groups, and drug treatment was counterbalanced
across compartments. In the conditioning session, the guillotine doors were closed and after
the drug injection rats were immediately placed in the paired compartment for 30 min.
Naphyrone/methamphetamine and VEH were paired with a specific compartment on alternate
days for a total of eight sessions (four with naphyrone/methamphetamine-paired and four with
VEH-paired compartment). The final phase of experiment was post-conditioning test (day
11), all rats received vehicle injection and were let to explore the CPP area for 15 min in
exactly the same manner as on the pre-conditioning test. Preference score was calculated by
dividing the time spent in drug-paired compartment by the time spent in both conditioning

compartments (i.e. without neutral zone) and multiplied by 100.

+ Statistics

For CPP data, the time spent in the drug-paired compartment was analyzed using two-way
repeated-measure analysis of variance (two-way mixed ANOVA) with one between variable —
group, with 4 levels (naphyrone 5 mg/kg, naphyrone 10 mg/kg, naphyrone 20 mg/kg and
methamphetamine 1,5 mg/kg) — and one within variable — time, with 2 levels (pre-test and
post-conditioning test). Subsequently, Bonferroni's multiple comparisons post—hoc tests were

calculated.



*  Results

Results of the naphyrone and methamphetamine CPP in animals receiving the three different
doses of naphyrone and one dose of methamphetamine are presented in Fig. 1. The two-way
repeated-measure ANOVA for the time spent in the drug-paired compartment revealed an
effect of the within variable - time [F (1, 46) = 31,78), p <0,0001]; naphyrone 5 mg/kg, n =
13/group; naphyrone 10 mg/kg, n = 13/group; naphyrone 20 mg/kg, n = 13/group and
methamphetamine 1,5 mg/kg, n = 11/group). Subsequently, Bonferroni's multiple
comparisons post—hoc tests were calculated. These comparisons revealed significant increase
of CPP score in methamphetamine 1,5 mg/kg (p=0,0305), naphyrone Smg/kg, (p=0,0352) and
naphyrone 20 mg (p=0,0070] between the pre-test and post-conditioning test, results for

naphyrone 10 mg/kg were slightly above the significance level (p=0,0752)
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Fig. 1. The effects of naphyrone and methamphetamine on the conditioned place preference
test in Wistar rats. Bars represent the mean+SEM of the CPP score. n=11 for
methamphetamine group, 13 for naphyrone groups. Significant within-group changes from
pre-test to post-conditioning test are denoted by asterisk (*p < 0.05, **p < 0.01)



*  Discussion

Our study was designed to evaluate abuse potential of naphyrone in CPP test using animal
model (male Wistar rats) and compare its effect with an active comparator -
methamphetamine. As shown before, doses of 5 mg/kg and 20 mg/kg significantly increased
CPP score (i.e. percentage of time spent in drug paired compartment), dose of 10 mg/kg was
slightly above the significance level (p=0,05977). This results suggest naphyrone’s ability to
produce rewarding effect and can thereby be a risk of abuse even in recreational context.
Other substances with strong dopaminergic effect have been acknowledged to produce
conditioned place preference. Other cathinones produce reward and reinforcement as well -
methylone, mephedrone and MDPV produced conditioned place preference (Lisek, Xu et al.
2012, Karlsson, Andersson et al. 2014) and mephedrone and MDPV were also self-
administered by rodents (Aarde, Huang et al. 2013, Creehan, Vandewater et al. 2015) . a-
PBP and a-PVP produced conditioned place preference, but 4'-MePPP failed to produce
significant effects. The dose-effect curves for a-PBP and a-PVP were both inverted U-shaped
functions, with the low and high doses not producing conditioned place preference (Gatch,

Dolan et al. 2015)
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Abstract

Deschloroketamine (DCK), a structural analogue of ketamine, is recently present on illicit
drug market as a recreational drug with modestly longer duration of effects. Despite the fact
being used widely by recreational users, no systematic research on its effects in vivo has been
performed.

In order to characterize its acute effects and addictive potential series of behavioural tests
(open field test, prepulse inhibition of acoustic startle reaction (PPI), condition place
preference (CPP)) have been performed along with pharmacokinetics and activity at human
N-methyl-D-aspartate (NMDA) receptors. In addition, effects of the S-DCK and R-DCK
enantiomers were also studied.

DCK rapidly crosses blood brain barrier, with maximum brain levels achieved 30 min and
remaining high at 2 hrs after administration. Its antagonist activity at NMDA receptors is
comparable to ketamine with S-DCK being more potent. DCK in all doses (5, 10 and 30
mg/kg s.c.) had robust stimulatory effects on locomotion including the highest dose used,
induced some stereotyped like behaviour and robustly disrupted PPI. Locomotor stimulant
effects tended to disappear more quickly than disruptive effects on PPI. S-DCK had more
pronounced stimulatory properties then its counterpart; however the potency in disrupting PPI
was comparable in both enantiomers. Interestingly, the R-DCK seems to penetrate into the
brain more readily. DCK also exhibited dose independent rewarding properties in the CPP
test.

In conclusion, DCK shows similar behavioural and addictive profile and pharmacodynamics
to ketamine, with S-DCK being in general more active. It has slightly slower pharmacokinetic

profile than ketamine, which is consistent with its reported longer duration of effects.
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1 Introduction

Deschloroketamine (2-methylamino-2-phenylcyclohexanone, DCK, Fig. la) also known as
DXE, or 2'-Ox0-PCM and O-PCM, is an analogue of ketamine (Fig. 1b), functioning as a
dissociative anaesthetic. DCK is categorised as an arylcyclohexylamine, together with
phencyclidine (PCP, Fig. 1c) and methoxetamine (MXE, Fig. 1d) [1]. Based on the structure-
activity relationship for ketamine, its most probable activity is an antagonism of N-methyl-D-
aspartate (NMDA) receptors [2]. DCK was originally patented for treating bacterial, fungal,
viral, and protozoan infections, and for immunomodulation, and was believed to have a wide
therapeutic spectrum [3]. DCK has a recent history of human use as a “designer drug” easily
obtainable via the Internet and is used recreationally for its dissociative and hallucinogenic
effects. The effects on humans are described only in user reports published on drug related
servers and chat rooms (e.g. PsychonautWiki, Erowid, Bluelight) and comprise of a sense of
subjective separation (dissociation) from the physical body and the external world, internal
hallucinations, as well as euphoria, enhanced mood and empathy. Reported adverse effects
included nausea, tachycardia, immobility, confusion, amnesia, and respiratory distress.
According to users, the oral dose of DCK for recreational purposes is 10 — 50 mg with a
duration of four to six hours. Since the dose range reported to be used by humans is slightly
lower than with ketamine and MXE (indicating that it is more potent), we expected a similar
trend for DCK in behavioural experiments in rats.

Both previously tested drugs, ketamine and MXE, as well as other NMDA receptor
antagonists have shown dose-dependent effects on locomotion with a characteristic inverted
U-shaped curve (an increase followed by a decrease) and potently disrupted prepulse
inhibition (PPI) [4-6]. However, no data about pharmacological properties, metabolism, or
behavioural effects of DCK either in animals or in humans have been published so far. Hence,
our primary objective was to describe in detail the pharmacology, behavioural
pharmacology/effects and pharmacokinetics of DCK. As the two R-(—) and S-(+) ketamine
enantiomers have a different potency, pharmacology, and pharmacokinetics [7-11], we also
focused on a comparison of the two DCK enantiomers. In behavioural experiments, we
focused on locomotor activity, exploration in the open field test (OFT), and on the effects on
sensorimotor gating in the test of PPI of the acoustic startle response (ASR), which is

indicative of psychotomimetic-like potential [12].
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Evidence supports the addictive potential of ketamine [13] and MXE [14]; therefore, we also
determined the rewarding or aversive effects of DCK in a conditioned place preference (CPP)
task.

Furthermore, we also evaluated the effect of DCK enantiomers on NMDA receptor function
and on network activity in primary hippocampal cultures, with a direct comparison to

ketamine.

***Figure 1***
2  Materials and methods

2.1 Drugs and chemicals

Deschloroketamine hydrochloride was synthesised in the Forensic Laboratory of Biologically
Active Substances (University of Chemistry and Technology, Prague, Czech Republic) and
characterised by 'H and BC NMR spectroscopy [15]. DCK also served as a reference standard
for pharmacokinetic analyses using liquid chromatography coupled with tandem mass
spectrometry (LC-MS/MS). DCK was subjected to chiral separation using a chiral amylose-
based column. The enantiopurity of both enantiomers was verified (>99 % for both
enantiomers) by the LC-UV system in the analytical mode. The absolute configuration was
determined using a combination of ab initio calculation with circular dichroism spectra
comparison and single crystal data [15].

Nordeschloroketamine (norDCK, Fig. 2a), trans-dihydrodeschloroketamine (trans-
dihydroDCK, Fig. 2b), cis-dihydronordeschloroketamine (cis-dihydronorDCK, Fig. 2c),
trans-dihydronordeschloroketamine  (trans-dihydronorDCK, Fig. 2d), and trans-
dihydrodeschloroketamine-d4 (trans-dihydroDCK-d4, Fig. 2e) were synthesised in the
Forensic Laboratory of Biologically Active Substances (University of Chemistry and
Technology Prague, Czech Republic). All of the prepared standards were stabilised in the
form of hydrochloride salt and characterised by HRMS, 'H and *C NMR spectroscopy. The
internal standard for quantitative LC/MS assays was deuterated trans-dihydroDCK-d4 [16].

Methanol, acetonitrile and formic acid (all LC-MS grade) were purchased from Sigma-
Aldrich (Czech Republic). Ultrapure water (18.2 MQcm™') was produced by a PureLab Ultra

system (Elga, UK). Sodium sulphate and ammonium bicarbonate were obtained from Sigma-
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Aldrich and sodium chloride from Lach-ner (Czech Republic). Homogenisation beads,

SiLibeads type ZY 0.4-0.6 mm (Ginzel, Czech Republic), facilitated tissue homogenisation.

***Figure 2* ok

2.2 Measurement of the activity at NMDA receptors

Cell cultures

Human embryonic kidney 293 (HEK293) cells were plated at a density of 10° cells/cm’® and
cultured in Opti-MEM® I (Thermo Fischer Scientific, Waltham, USA) supplemented with
5% foetal bovine serum (FTS; PAN Biotech, Aidenbach, Germany) at 37°C in 5% CO,. After
24 hrs, the HEK293 cells were transiently transfected with cDNAs encoding the human
wild-type hGluN1-1a and hGluN2A or hGluN2B subunits and green fluorescent protein
(GFP) using Matra-A Reagent (IBA, Goettingen, Germany). Equal amounts (200 pg) of
cDNAs encoding for hGluN1, hGIuN2A or hGluN2B subunits, and GFP were used. After
trypsinisation, the transfected cells were resuspended in Opti-MEM® I containing 1% FTS
supplemented with 20 mM MgCl,, 3 mM kynurenic acid, and 1 mM D,L-2-amino-5-

phosphonopentanoic acid to prevent excitotoxicity.
Primary hippocampal neurons.

Hippocampi were dissected from newborn (P0-P1) male Wistar rat pups. Cells were
dissociated in papain, washed and plated in a Neurobasal A medium supplemented with B27
(Gibco) at a density of 50,000 cells/cm® on top of a confluent layer of cortical astrocytes

grown on collagen/poly-D-lysine-covered glass coverslips.
Electrophysiology

Whole-cell voltage-clamp recordings of the HEK293 cells were made 24-48 hrs after
transfection with a patch-clamp amplifier (Axopatch 200B; Axon Instruments. Inc., Foster
City, CA) after compensation of capacitance and serial resistance (<10 MQ) by 80-90%.
Unless otherwise stated, the recordings were made at a holding potential of -60 mV. Whole-
cell current responses were low-pass filtered at 2 kHz, digitally sampled at 5 kHz, and
analysed using pClamp software version 10.7 (Molecular Devices). Borosilicate glass patch
pipettes (3—5 MQ) were filled with an intracellular solution (ICS) containing (in mM): 120
gluconic acid, 10 BAPTA, 10 HEPES, 15 CsCl, 1 CaCl,, 3 MgCl,, and 2 ATP-Mg salt (pH-

adjusted to 7.2 with CsOH). The extracellular solution (ECS) contained (in mM): 160 NaCl,
6
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2.5 KCl, 10 glucose, 10 HEPES, 0.7 CaCl,, and 0.2 EDTA (pH-adjusted to 7.3 with NaOH).
A microprocessor-controlled multibarrel fast-perfusion system (with a time constant for
solution exchange of ~10 ms) was used for the application of test and control solutions [17].

Action potentials were recorded from cultured hippocampal neurons at DIV 11-13 in the
current-clamp mode with ICS containing (in mM): 125 gluconic acid, 15 KCI, 5 EGTA, 10
HEPES, 0.5 CaCl,, 2 ATP-Mg salt, 0.3 GTP-Na salt, and 10 creatine phosphate (pH adjusted
to 7.2 with KOH). ECS contained (in mM): 160 NaCl, 2.5 KCI, 10 HEPES, 10 glucose, 2
CaCl,, 1 MgCl,, and 0.03 glycine (pH-adjusted to 7.3 with NaOH). Compound stock
solutions were prepared fresh before each experiment and measurements were performed at

room temperature (21-25°C) [18].

Data analysis of measurement of the activity at NMDA receptors

The concentration-response relationship for the relative inhibitory effect (/) of compounds at
recombinant human NMDA receptors was determined by fitting the normalised data to the

following logistic equation:
I =1/(1 + ([Compound]/ICsy)™) Equation 1

where [Compound] is the compound concentration, /Cs is the concentration producing half-
maximal inhibition, and # is the apparent Hill coefficient. The calculations were made
assuming full inhibition at the saturating compound concentration and statistical comparisons
were performed for log/C'sy and logHill values.

The -V relationship for the inhibitory effect of the compounds was evaluated by fitting the

data to the following Boltzmann function equation:
I(V) = a.go(V —V,p,)/(a + [Compound]e?’) Equation 2

where gy is the estimated conductance of the NMDA receptor whole-cell response in the
absence of the compound, V., is the reversal potential of NMDA receptor current, and a, b

are parameters with the following interpretation:

a=Kge? Equation 3
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where K, represents the apparent dissociation constant for a compound binding to the NMDA

receptor at a given membrane potential (V) and:

b = 8F/(RT) Equation 4

where 6 indicates the apparent electrical distance of the compound binding site from the
outside of the membrane, and F, R and T have their standard thermodynamic meanings [19].
The currents were recorded at different holding potentials changing in 20-mV steps within
the range of -80 to +40 mV (values of the holding potential were corrected for the liquid
junction potential of -14 mV).

The data are presented as a mean + SEM with n corresponding to the number of independent
measurements. Statistical comparisons among treatment groups were performed using either
Student’s #-test or One-way ANOVA followed by all pairwise Student-Newman-Keuls or

Bonfferoni post-hoc tests (p < 0.05 or p < 0.001 were used to determine the significance).

2.3 Pharmacokinetic analyses

For the pharmacokinetic study, the animals were decapitated after 0.5, 1, 2, 4, 8 or 24 hrs after
a single bolus of racemic DCK, and 1, 2 or 4 hrs after a single bolus of either enantiomer.
Serum was obtained by enabling the blood to clot in a refrigerator for 1 hr. The clotted blood
was centrifuged for 10 min at 1500g, 10°C, and the serum was then collected. Concentration
levels of DCK and its metabolites in the sera and dissected brain tissue were calculated as

ng/ml or ng/g, respectively.

Determination of DCK and its metabolite levels in serum and brain samples using LC-MS/MS

Serum and brain tissue samples were collected and stored at -20°C. These samples were
analysed using optimised and validated LC/MS methods, according to the 2001 FDA
Guidance, and Standard Practices for Method Validation in Forensic Toxicology (Scientific
Working Group for Forensic Toxicology; SWGTOX) [16]. DCK, trans-dihydroDCK,
norDCK, cis-dihydronorDCK, and trans-dihydronorDCK were quantified using an external

matrix-matched calibration and deuterated internal standard #rans-dihydroDCK-d,.

Serum sample preparation consisted in protein precipitation and was performed as follows: 1)
800 pl of 0.1% solution of formic acid in acetonitrile (v/v) was cooled for 10 min at -20°C; 2)

200 pl of serum was added to the cooled solution and immediately mixed in a Bullet Blender
8
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Storm homogeniser (Next Advance, USA) for 5 min; 3) centrifugation for 10 min (14,000
RPM) at 5°C; 4) evaporation of 800 pl of supernatant to dryness (Centrivap Concentrator);

and 5) reconstitution with 0.1% formic acid in water/acetonitrile, 80/20 (v/v).

Brain tissue sample preparation followed the protocol published in [16]. Briefly: 1) 100 mg
of brain tissue with 200 mg of ZY SilLibeads was homogenised in a BulletBlender
homogeniser (5 min) with 200 pl of 10 mmol/l /mM NH4HCO; and 100 pl of acetonitrile; 2)
the mixture was cooled (10 min, -20°C); 3) 300 pl of fresh acetonitrile was added and the
mixture was homogenised in the BulletBlender homogeniser (5 min); 4) the mixture was
subsequently shaken with 20 mg of NaCl and 100 mg of Na,SO4 and again mixed in the
BulletBlender homogeniser for 5 min and then centrifuged (5 min at 18,700 RPM/ g); 5)
250 pl of supernatant was evaporated to dryness (Centrivap Concentrator); and 6)

subsequently reconstituted in 10 mM ammonium acetate in methanol/water, 10/90 (v/v).
LC/MS conditions

The analyses were performed using an Infinity 1290 — 6460 Triple Quad LC/MS (Agilent
Technologies, USA) equipped with an Agilent Jet Stream electrospray ionisation (ESI)
source. The chromatographic separation of serum and tissue samples was performed using a
ZORBAX Eclipse Plus CI18 (50 x 2.1 mm, 1.8 pm) with a pre-column at flow rate of 0.3
ml/min, and gradient elution with 10 mM ammonium acetate (A) and 10 mM ammonium
acetate in methanol (B). The gradient profile was: 0-0.5 min, from 90% A to 70% A; 0.5-5
min, from 70% A to 65% A; 5-5.5 min, from 65% A to 0 % A; 5.5-6 min hold at 0% A; 6-6.8
min back to 90% A; and equilibration to 9 min. Data were acquired in a positive ESI mode by
a multiple reaction monitoring (MRM) method using MassHunter software (Agilent

Technologies, USA).
Pharmacokinetic measurement

The pharmacokinetic measurements, the concentrations in a function of time [¢], were fitted to

a scaled gamma distribution function:

[conct](t) = a x tc1 x e Pt Equation 5
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With parameters a, b, ¢ > 0. As the distribution is not normalised (we are interested in
absolute values in the present study), the parameter « is the amplitude constant. The parameter
b is the rate parameter and the parameter c¢ is the shape parameter. This allows for a flexible
range of distribution patterns and a good estimation of half-life [20]. The fitting and plotting

of the data were performed using gnuplot [www.gnuplot.info].

2.4 Behavioural experiments

Animals

All animals were male outbred Wistar rats acquired from VELAZ (Prague, Czech Republic)
weighing between 200-275 g at the beginning of testing. The rats were housed two per cage
under a controlled temperature (22 + 2°C) and humidity (30 - 70%) with food pellets and
water ad [libitum. Lights were on from 6:00 to 18:00 and all of the experiments were
performed between 7:00 and 13:00, except CPP, where testing lasted until 16:00. The animals
were habituated 7-10 days to laboratory conditions before being used in the experiments;
during this period they were weighed at least twice and handled four times. All of the
behavioural experiments were conducted under the same standard temperature and humidity
conditions as in the animal housing facility. Each experimental group for behavioural testing
included 10 animals, except CPP, where 12 animals per group were used. Each animal was
tested only once. After completion of behavioural testing the rats were subsequently used for
pharmacokinetic sampling, i.e. collection of brain and serum, n = 7 per time point.

All of the procedures were conducted in accordance with the principles of laboratory animal
care of the National Committee for the Care and Use of Laboratory Animals (Czech
Republic), and according to Guidelines of the European Union (86/609/EU). The protocol
was approved by the National Committee for the Care and Use of Laboratory Animals (Czech
Republic) under the number: 69371/2015-MZE-17214.

Dosage

The DCK doses used in the present study were selected according to our previous studies with
ketamine and MXE [4, 5] and adjusted in accordance with user reports on potency. For the
behavioural experiments, the treatment range for racemic DCK was set to 5, 10 and 30 mg/kg,

and for R- and S-enantiomers we used 10 mg/kg. The amount of 10 mg/kg of DCK, S§-DCK,

10
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and R-DCK was also used in the pharmacokinetic sampling. The drugs were dissolved in
physiological saline (0.9% NaCl) in a volume of 2 ml/kg and administered subcutaneously
(s.c., as a single bolus, for comparability with previous studies) in all cases. Vehicle (VEH)

control animals were treated with an equivalent volume of physiological saline.
Study design

In order to cover a wider temporal window of drug effects and to exclude the influence of
habituation on the testing procedures, the rats were tested independently in two temporal
administration schemes. The first scheme consisted of groups of animals that were injected
with the tested substances and/or VEH s.c. 15 min before testing, and the second scheme

consisted of different groups treated 60 min before testing.
Open field test (OFT)

OFT was conducted in a sound-proof and evenly-lit chamber with low levels of light
intensity. The OFT apparatus comprised a black square plastic arena (80 x 80 cm) with walls
(40 cm high). At the beginning of each test, each rat was placed individually into the centre of
the arena and allowed to move freely within the arena for 30 min. The apparatus was cleaned
with 50% ethanol solution after each test. Raw behavioural data were registered and pre-
processed using automatic video tracking software (EthoVision XT v. 11.5, Noldus,
Netherlands).

For the evaluation of the time spent in the centre (T en) and thigmotaxis (i.e., likelihood of
appearance in the periphery), the arena was virtually divided into a 5 x 5 grid of identical
square zones with 16 being located on the periphery and nine centrally. Time spent in the
centre of the arena is the sum of time spent in the nine central zones (Tcenre=2 timej.o).
Thigmotaxis indicates the probability of appearances in the peripheral zones (f; the total

number of appearances of the animal in each zone) and is calculated as:

f = Zf peripheral zones / Ef all zones Eq uation 6

Prepulse inhibition (PPI) of acoustic startle response (ASR)

PPI took place in startle chambers (SR-LAB, San Diego Instruments, California, USA), each
containing a soundproof and evenly-lit enclosure, a high-frequency loudspeaker (producing a
background noise at 75 dB and all acoustic stimuli), and Plexiglas stabilimeter (8.7 cm inner

diameter). A piezoelectric accelerometer detected amplitudes of the ASR, which were

11
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digitised for subsequent analysis. Two days before the behavioural testing, drug-free rats were
habituated to the startle boxes in/for a 5 min session with five presentations of a pulse-alone
stimulus (125 dB/40 ms) over background white noise (75 dB). ASR data from this
habituation session were not included in the further analyses.

The PPI measurement itself was designed in accordance with our previous studies [21-25]. On
the test day, the PPI test started with an acclimatisation period lasting 5 min in the startle
chamber in which a 75 dB background white noise was continuously presented. The PPI test
followed with 72 trials with an inter-trial interval (ITI) of 15-30 s (mean ITI: 22.5 s). Six
125 dB/40 ms-duration pulse-alone trials were then delivered to establish baseline ASR.
Following this, 60 trials of the following scheme were presented in a pseudorandom order:
(A) pulse alone: 40 ms 125 dB; (B) prepulse alone: 20 ms 83 dB or 91 dB; (C) prepulse-pulse:
20 ms 83 dB or 91 dB prepulse, a variable (30, 60 or 120 ms) inter-stimulus interval (ISI,
mean [SI: 70 ms), then 40 ms 125 dB pulse; (D) 60 ms no stimulus. Finally, six pulse-alone
trials were delivered. Habituation was calculated by the percentage reduction in ASR from the

initial six baseline trials, to the final six trials. The PPI was calculated as:

mean prepulse—pulse trials

PPI = (100 — ( )+ 100 Equation 7

mean pulse alone trials

Conditioned place preference (CPP)

A three-compartment plastic CPP chamber, which consisted of two equally-sized conditioning
compartments (45 x 50 cm) and a neutral compartment in between (35 x 20 cm), was used.
One of the conditioning compartments had striped walls, the other had chequered walls, and
the floors were made from black plastic each with a different pattern (stripes and circles). The
space was deformed by plastic boxes that were inserted into each corner of each conditioning
compartment. The neutral compartment had transparent walls and floor. Each compartment
was separated from the other one by a guillotine-style door and each door was operated
manually by the experimenter. Time spent in each compartment was registered and pre-
processed by an automatic video tracking system (EthoVision XT v. 11.5, Noldus,
Netherlands).

The CPP experiment lasted 11 days and consisted of four phases: (i) habituation; (ii) pre-
conditioning; (iii) conditioning; (iv) post-conditioning. During habituation and pre-
conditioning (days 1 and 2), the rats received VEH immediately before being placed

individually into the neutral compartment. The doors were opened and they were allowed to

12
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freely explore all three chambers of the CPP apparatus for 15 min. In the pre-conditioning, a
baseline chamber preference was determined. Rats that spent over 80% of the total time in
one of the chambers were considered to have an initial bias and were removed from the
experiment [26]. Conditioning was conducted for eight subsequent days (days 3-10). We used
an unbiased design, which means that regardless of the initial preference, the rats were
pseudorandomly distributed into the drug treatment groups, and drug treatment was
counterbalanced across the compartments. In the conditioning session, the doors were closed
and immediately after the drug injection, the rats were confined in the paired compartment for
30 min. DCK and VEH were paired with a specific compartment on alternate days for a total
of eight sessions (four with DCK-paired and four with VEH-paired compartment). The last
phase of the experiment was post-conditioning (day 11), when all of the rats received a VEH
injection and a 15-min test was performed in the same way as the pre-conditioning baseline

test. The preference score was calculated as:

time spent in each compartment

Preference score = Equation 8

total time spent in both compartments

Design and statistical analysis of behavioural experiments

All of the statistical behavioural analyses were conducted using IBM SPSS version 22. For
the behavioural tests, factorial designs were constructed and analysed with an ANOVA test.
ANOVAs with significant main effects and interactions were followed with pairwise
comparisons using independent ¢-tests. In the case of ANOVAs for repeated measurements
where Mauchly’s test of sphericity was significant, Greenhouse-Geisser (Greenhouse-Geisser
estimate of sphericity (g) < 0.75 or Huynh-Feldt (¢) > 0.75) correction(s) is/are reported.
Degrees of freedom were rounded to whole numbers for presentation purposes. For
independent z-tests where Levene’s test for equality of variances was significant, statistics
corrected for unequal variances are given. The value of p < 0.05 (two-tailed) was considered
the minimal criterion for statistical significance. Enantiomers of DCK were not included in
the ANOVAs (only one time of administration was tested, 15 min) and data were analysed
using additional independent ¢-tests.

Locomotor activity in the OFT was evaluated using 4 x 2 x 6 mixed factorial ANOVAs with
drug treatment (DCK at 5, 10, or 30 mg/kg versus VEH) and testing onset (15 or 60 min) as
independent factors, and blocks (5-min intervals) as a repeated measurement factor. The

spatial distribution of behaviour in the OFT (thigmotaxis and Teenre) and PPI parameters
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(habituation and ASR) were each analysed with 4 x 2 independent ANOVAs with drug
treatment (DCK at 5, 10, or 30 mg/kg versus VEH) and testing onset (15 or 60 min) as
independent factors. In the case of significant main effects on habituation or ASR, the
significant factor was used as a covariate in subsequent analysis of PPI (analysed with
analysis of covariance (ANCOVA)). Data from CPP were analysed using 4 x 2 mixed
factorial ANOVAs with drug treatment (DCK at 5, 10, or 30 mg/kg) as an independent factor

and conditioning (pre/post-conditioning) as a repeated measurement factor.

3 Results

3.1 Activity at NMDA receptors

Recombinant NMDA receptors

Since ketamine acts as a voltage-dependent inhibitor of NMDA receptors [27] we decided to
analyse the effect of R-DCK and S-DCK on recombinant hGluNI1/hGluN2A and
hGIluN1/hGIuN2B receptors expressed in HEK293 cells. Our results (Fig. 3a-d) indicate that
the inhibitory effect of both R-DCK and S-DCK at human NMDA receptors is concentration-
dependent. Concentration-response analysis showed that the S-DCK analogue is a more
potent inhibitor of hGluN1/hGluN2B receptors than R-DCK analogue (p = 0.03; One-way
ANOVA; Fig. 3d; Table 1). The results further indicate that the inhibitory effect of S-DCK is
subunit dependent, showing a higher apparent affinity for hGluN1/hGluN2B over
hGIuN1/hGIluN2A receptors (p=0.03; Student’s t¢-test). In accordance with previous
measurements on rat GluN1/GluN2A-B receptors [28], the effect of ketamine on
hGluN1/hGIluN2A-B receptors showed a weak subunit selectivity (p = 0.07; Student’s t-test).
Similar to ketamine, the inhibitory effect of both R-DCK and S-DCK at human NMDA
receptors is voltage-dependent (Fig. 3e-h). The analysis of the /-V relationship indicates that
in the case of hGluN1/hGIuN2A receptors (Fig. 3g; Table 2), S-DCK binds deeper within the
ion channel than R-DCK (p = 0.02; One-way ANOVA). However, for hGluN1/hGluN2B
receptors (Fig. 3h; Table 2), the apparent electrical distance of binding was not significantly
different among the compounds (p = 0.63; One-way ANOVA).

***Figure 3***

***Tablel***
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***Tablez***

Native NMDA receptors

Given the inhibitory activity of ketamine and the ketamine analogues at the NMDA receptor,
we decided to examine the influence of these compounds on network activity using current-
clamp recording in primary hippocampal cultures. We focused on the more potent ketamine
analogue S-DCK in these experiments. The extracellular solution contained physiological
concentrations of Ca’" (2mM), Mngr (ImM) and glycine (30uM). As shown in Fig. 4, both
ketamine and S-DCK at 0.3 puM consistently and robustly decreased action potential (AP)
frequency; ketamine to 29 £ 10 % of control values (p < 0.01; Student’s #-test) and S-DCK to
41 + 9 % of control values (p < 0.01; Student’s #-test). There was no difference in the degrees
of AP frequency inhibition between the two compounds (p = 0.45; Student’s t-test). For both
drugs, the inhibition of network activity was only partially reversible in 2-4 min of washing,
possibly because the solution exchange around the more distant cells in the network is

relatively slow.

***Figure 4***

3.2 Pharmacokinetics of DCK in serum and brain tissue

After the administration of racemic DCK (10 mg/kg), the measured concentration peaked in
the serum (593.1 ng/ml) and the brain (3329 ng/g) at 30 min and then rapidly decreased, with
a half-life of ~0.45 and ~0.52 hr, respectively. The maximum brain levels were approximately

5-fold higher than in the serum (Fig. 5a,c).

Of the two enantiomers, R-DCK reached a higher maximal concentration in brain tissue,
while the S-enantiomer penetrated less readily. At 1 hr, S-DCK had a serum concentration of
579.7 ng/ml, whereas R-DCK had a serum concentration of 468.1 ng/ml (Fig. 5b). This
difference was statistically significant (Student’s z-test, p = 0.04). In brain tissue, the
concentration at 1 hr was 1801 ng/g for the S-enantiomer and 2164 ng/g for the R-enantiomer
(Fig. 5d). Although the difference is suggestive, it is not statistically significant (Student’s -
test, p = 0.09). Half-lives in the serum were ~0.41 hr for R-DCK and ~0.48 hr for S-DCK, and
half-lives in brain tissue were ~ 0.46 hr for R-DCK and ~0.47 hr for S-DCK. The difference
between the half-lives of the enantiomers were not statistically significant either in brain

tissue or in the serum (Student’s t-test, p = 0.40 and p = 0.13, respectively) (Fig. 5b,d).
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Metabolites

Following the administration of racemic DCK (10 mg/kg), the major metabolite, norDCK
(Fig. 6 compound A), was observed in high concentrations comparable to the parent substance
with the maximum concentration of 477.3 ng/ml in the serum at 2 hrs, and 641.5 ng/g in the
brain at 1 hr after administration (Fig. 5a,c).

When individual enantiomers were administered, the maximum serum concentrations were
705.3 ng/ml at 1 hr for S-norDCK and 845.2 ng/ml at 1 hr for R-norDCK (Fig. 5d). This
difference was statistically significant (Student’s z-test, p = 0.03). In brain tissue, the
maximum concentration was 502.2 ng/g for S-norDCK at 1 hr and 944.2 ng/g for R-norDCK
at 1 hr (Fig. 5d). This difference was statistically significant (Student’s ¢-test, p < 0.001). The
metabolites investigated (trans-dihydroDCK and dihydronorDCK) were present in lower

quantities (see Supplementary material).
***Figure 5***

***Figure 6* ok

3.3 Behavioural experiments

Locomotor activity in the OFT

Mauchly’s test of sphericity was significant (Mauchly’s W (14) = 0.18, p < 0.001) and
Greenhouse-Geisser corrections are presented for repeated measurements.

Analysis of locomotor activity revealed a significant main effect of drug treatment (F 5 75 =
8.72, p <0.001), testing onset (F (1, 72y = 20.06, p < 0.001) as well as blocks (F 3,210y = 133.10,
p < 0.001). All of the interactions were significant, including the three-way drug x testing
onset x blocks interaction (minimum, F (g 2109y = 8.77, p < 0.001). In all of the tested groups,
rats showed a normal pattern of locomotor habituation (a progressive decrease of locomotor
activity over the session) except: (i) Rats treated with S-DCK at the 15-min testing onset
displayed an apparent U-shape curve of locomotor activity (Fig. 7a). During the second and
third intervals, locomotor activity slightly decreased compared to the initial interval; however,
the trajectory in the first interval was not significantly longer than the trajectory in the second
and third intervals (maximum, t (18) = 1.49, p = 0.15). From the third to the sixth interval, the

locomotion started to progressively increase and the trajectory in the last interval was
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significantly longer compared to the third interval (t (18) = 2.14, p = 0.05). (ii) In rats
administered with 30 mg/kg of racemic DCK at the 60-min testing onset, the activity was
stable over the course of the six blocks, which is shown as significantly lower activity in
block 1 (t (18) = 2.21, p = 0.04) and significantly higher activity in blocks 4 - 6 (minimum, t
(18) =3.49, p=0.001) compared to the control (Fig. 7b).

For the 15-min testing onset, all of the DCK-treated rats showed significantly elevated
locomotor activity in each block compared to the VEH-treated rats (minimum, t (18) = 2.51, p
=0.03), except 10 mg/kg of DCK in block 2 (t (18) = 1.46, p =0.16). R-DCK was statistically
indistinguishable from VEH in blocks 2, 4 - 6 (maximum, t (18) = 1.79, p = 0.1), marginally
increased in block 1 (t (10) = 1.96, p = 0.08) and significantly increased in block 3 (t (18) =
2.17, p = 0.04). S-DCK significantly increased locomotor activity in blocks 2 — 6 (minimum, t
(18) = 3.75, p = 0.001) and marginally in block 1 (t (10) =2.12, p = 0.06). Both enantiomers
showed significantly different activity levels at the end of test session compared to 10 mg/kg
of racemic DCK; S-DCK elevated locomotor activity in block 6 (t (18) =2.70, p = 0.02),
whereas R-DCK decreased locomotor activity in blocks 5 and 6 (minimum, t (18) =2.12, p=
0.05) (Fig 7a).

For the 60-min testing onset, 5 mg/kg DCK slightly reduced locomotor activity compared to
the vehicle, and significantly in blocks 1, 3, and 6 (minimum, t (18) = 2.38, p = 0.03).
Differences between 10 mg/kg DCK and the vehicle treated rats were non-significant for all
blocks (maximum, t (18) = 1.87, p = 0.08) (Fig. 7b).

The main effects of the drug treatment and the interaction of time of administration x drug
treatment were each significant for both Teentre (minimum, F (3, 79) = 5.67, p = 0.001) and for
thigmotaxis (minimum, F (3 79) = 3.42, p = 0.02). Independent t-tests showed that for the 15-
min testing onset, 5 mg/kg DCK-treated rats spent significantly less time in the centre
compared to the vehicle (t (11) = 4.62, p = 0.001) (Fig. 7c). For the 60-min testing onset, all
of the doses of DCK differed significantly from the vehicle (minimum, t (18) = 1.56, p =
0.05), although the direction differed: 5 and 10 mg/kg treated rats spent less time in central
zones (minimum, t (18) = 5.60, p = 0.001), whereas 30 mg/kg treated rats spent more time in
the centre (t (18) = 1.56, p = 0.05) (Fig. 7d). Thigmotaxis was increased after 5 and 10 mg/kg
of DCK for both times of administration (minimum, t (18) = 1.93, p = 0.02) (Fig. 7e,f).
R-DCK (10 mg/kg) significantly decreased T enme compared to the vehicle and 10 mg/kg DCK
(minimum, t (9) = 2.88, p = 0.02), whereas S-DCK had no effect on this parameter. Both

enantiomers (10 mg/kg) significantly increased thigmotaxis at the 15-min testing onset when
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compared to the vehicle (minimum, t (18) = 3.23, p = 0.01). Comparison of the both
enantiomers (10 mg/kg) to DCK 10 mg/kg showed a significant increase in thigmotaxis only

in R-DCK (t (11) =2.70, p = 0.02) (Fig. 7c.e).
Prepulse inhibition test

Habituation data showed a significant main effect of testing onset and drug treatment,
(minimum, F 3. 77y = 9.27, p = 0.001) but no interaction was observed. Independent t-test
revealed reduced habituation both at the 60-min testing onset compared to 15-min ( t (76) =
2.83, p=0.01) and at all of the tested doses and for both enantiomers compared to the vehicle
(minimum, t (17) = 2.35, p = 0.03). Baseline acoustic startle response was not affected by
drug treatment, testing onset, or their interaction, (maximum, F (3. 77y = 1.59, p = 0.2) (see
Table 3 for full results). The analysis of PPI data showed a significant main effect of drug
treatment on PPI (F (5, 52y = 8.36, p < 0.001) manifested as reduced PPI at all doses compared
to the vehicle (minimum, t (17) = 3.29, p = 0.001). The main effect of testing onset and drug
treatment X testing onset interaction was not significant. Both enantiomers (10 mg/kg)
compared with the vehicle significantly reduced PPI at the 15-min testing onset (minimum, t
(18) = 3.85, p = 0.001). When enantiomers were compared to DCK 10 mg/kg there were no
significant differences (Fig. 7g.h).

***Table 3***

Conditioned place preference test

The main effect of pre/post-condition was significant (F (1, 31y = 12.81, p < 0.001), which is
indicative of an overall increased place preference induced by DCK treatment, but this was
seen irrespective of the dose and the dose x pre/post-condition interaction, maximum (F (31

=2.48,p=0.1).

***Figure 7***

4 Discussion

The main findings of the present study were as follows: (i) DCK had fast pharmacokinetics
with maximal brain and serum levels at 30 min after administration, the maximum brain
concentrations were approximately 5-fold higher than in the serum (ii) S-DCK was a more

potent inhibitor of hGluN1/hGIuN2B receptors than R-DCK; however, the latter more readily
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penetrated the BBB and more rapidly metabolised to R-norDCK. (iii) DCK showed a
pronounced stimulant effect at 15 min after administration, which diminished when tested 1 h
after administration; (iv) DCK has a strong potency to disrupt PPI; (v) in the CPP test, DCK

demonstrated rewarding properties.

4.1 Activity at NMDA receptors

Just like ketamine or any other dissociative anaesthetic, both DCK enantiomers inhibited the
activity of NMDA receptors. NMDA receptor inhibition is thought to be mainly responsible
for the anaesthetic effect of ketamine [29]. The [Csy values for ketamine and DCK
enantiomers were of a similar range (see Table 1 for full results/detailed analysis). A
difference in activity was observed between the R and S enantiomers, were the S enantiomer
was more potent at hGluN1/hGIuN2B receptors. Some degree of preference was observed for
hGluN1/hGIuN2B versus hGluN1/hGIuN2A receptors in the case of S-DCK — a difference
that is also observed for ketamine. Furthermore, the measured /Csy values for ketamine are
consistent with those reported earlier using FLIPR/Ca®" assay, where a similar preference for
hGluN1/hGluN2B over hGIuNI1/hGIuN2A receptors was also observed [30]. When
comparing K; values between enantiomers, the apparent binding affinity of the S enantiomer
for hGluN1/hGIuN2B receptors was slightly increased, following the trend seen for the /Csy
values. Moreover, the effect of ketamine and S-DCK on network activity in cultured neurons
are consistent with potent inhibition of native NMDA receptors, in accordance with the results
observed for recombinant NMDA receptors expressed in HEK293 cells. These results
generally support the differences between the two enantiomers observed in the behavioural

experiments.

4.2 Pharmacokinetics

Compared to ketamine, a very similar relative distribution between brain tissue and serum
concentration was observed for racemic DCK at peak (brain/serum concentration ratio at 30
min of 5.61 versus 5.11 for ketamine) [31]. This suggests good BBB penetration of DCK,
owing to its lipophilic nature. A comparison of enantiomers revealed that 1 h after
administration (where the peak levels are not to be expected) the R enantiomer had a higher

brain/serum concentration ratio than the S enantiomer (4.68 versus 3.11, respectively) which
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is the opposite trend observed for the respective ketamine enantiomers (R 4.77 and S 5.54)
[31]. For comparison the racemic DCK at 1 h after administration had brain/serum ratio 5.45.
The primary metabolite, norDCK, rapidly reached its maximum concentration and had a half-
life of 1.89 hrs in the serum and 1.01 hrs in brain tissue, which suggests this metabolite is
more persistent than DCK (045 hr for serum, 0.52 hr for brain tissue). The relative
concentration in brain tissue compared to the serum was significantly lower than in the parent
compound (1.34 versus 5.61), which may be explained by the lower lipophilicity of the N-
demethylated compound. When the two enantiomers of norDCK were compared, the
brain/serum ratio of R-norDCK was found to be significantly higher than that of S-norDCK
(1.12 versus 0.71), following the same trend observed in R-DCK versus S-DCK. Interestingly,
some of the minor metabolites showed higher brain/serum concentration ratios than the parent
compound: 7.28 for frans-dihydroDCK, 6.7 for cis-dihydronorDCK, and 7.09 for trans-
dihydronorDCK.

4.3 Behavioural experiments

Locomotor activity in the OFT

The overall stimulatory effects of DCK (at all of the tested doses) were more pronounced at
the 15-min testing onset, which corresponds to the highest brain concentrations of the drug. S-
DCK has almost double the potency of R-DCK. The stimulatory effects of 5 and 10 mg/kg
diminished rapidly over time and were almost absent 60 min after administration; however, at
30 mg/kg they still persisted after one hour, which may be indicative of the fact that the drug
saturated its metabolic pathways. Overall, all of the used doses appeared sub-anaesthetic,
which is in line with comparable studies with ketamine in rats and mice [4, 32], where doses
of up to 150 mg/kg still had a stimulatory effect. Congruently, S-ketamine shows more
pronounced stimulatory effects than the R-enantiomer [33]. On the other hand, when
comparing 30 mg/kg of DCK to the same dose of racemic ketamine, the total distance
travelled after DCK treatment was almost two times higher [4], suggesting the stimulatory
effects are either more potent than ketamine or there is less stereotypy after DCK (as this may
decrease the overall locomotor activity, see below). DCK also seems to have a similar
potency to the MXE tested in our previous experiments [5]. Although we did not perform
measurements of DCK activity at the dopamine transporter (DAT), the locomotor stimulation

is typically dependent on increased activity of the dopaminergic system. Based on the
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knowledge of ketamine pharmacology and its direct effects on DAT, it is likely that DCK also
shares this mechanism.

All of the forms of racemic DCK as well as the R and § enantiomers increased thigmotaxis
and congruently decreased the time spent in the central zones of the arena. The effect was
most pronounced for the lower doses of DCK and for the R-enantiomer. With the highest
dose, the spatial characteristics of the movement were almost normalised, with regards to the
fact that it was still under the state with hyperlocomotion. With lower doses, the animals were
technically leaning around the walls, which may be a matter of increased anxiety from open
spaces with decreased exploration and/or stereotyped running. On the contrary, behavioural
patterns such as stereotyped circling that may contribute to an increased probability of
appearance in the centre of the arena were observed in the animals treated with the highest
DCK dose. Interestingly, the R-enantiomer seemed to be more anxiogenic-like and at the

same time it showed less potent stimulatory locomotor effects.
Prepulse inhibition test

In line with the effects of other dissociative anaesthetics [4, 5, 34-36] racemic DCK as well as
both of its enantiomers very potently disrupted sensorimotor gating at both testing onsets.
Similarly to locomotor activity, habituation to the startle was severely disrupted at all of the
doses used. Interestingly, in contrast to the relatively rapid disappearance of the stimulatory
locomotor effects, the disruption of sensorimotor gating persisted for at least one hour,
suggesting longer duration/persistence of psychotomimetic effects. As stimulatory effects are
typically related to enhanced dopaminergic activity and PPI deficits are linked to NMDA
blockade (as dopaminergic drugs induce only mild deficits in PPI), we may speculate about
the possible temporal dissociation between the DCK activity on dopaminergic

neurotransmission and activity at NMDA receptors.
Conditioned place preference test

Our findings are in line with the majority of studies with other dissociatives / noncompetitive
NMDA antagonists. Apart from phencyclidine (PCP), drugs like ketamine [37], MK-801 [38]
and MXE [14] induce place preference and show some abuse potential. Conversely, PCP
causes place aversion in rats [39], possibly via the involvement of serotonin 5-HT,A and
dopamine-D; receptor dependent mechanisms [40, 41]. Therefore, based on our results, DCK

definitely has an addictive potential. If we accept the already discussed similarity with

21



590
591

592

593
594
595
596
597
598
599
600
601
602
603
604
605
606

607

608
609
610
611
612
613
614
615
616
617
618
619

ketamine and its putative effect on dopaminergic neurotransmission, we may also link the

activity to mesolimbic dopamine as the underlying mechanism.

44 Comparison of the R- and S-enantiomers

Our results with DCK are pretty much comparable to what we know about ketamine. Firstly,
S-DCK and S-ketamine are more potent antagonists at NMDA receptors than the respective R-
enantiomers. S-ketamine has more pronounced psychotomimetic effects in humans and is
more active at the dopamine transporter (by about 8 times) than R-ketamine. This, in turn,
may fit with the more pronounced locomotor stimulatory effects and reports of more
pleasurable effects by humans. In line with this, the S-DCK used in our setup has obviously
more pronounced stimulatory effects and induces less anxiogenic-like effects in the open
field. In contrast to what is known about the pharmacokinetics and duration of effects, where
R-ketamine is reported to have a longer duration [42], we did not see any dramatic differences
in the case of R- and S-DCK. Unfortunately, due to the low quantity of the two enantiomers
available, we ran the CPP only with the racemic DCK. Therefore, we may finally only
speculate about the more pronounced rewarding effects of the S-DCK variant, which would fit
into the overall model, especially when further experiments are needed regarding the potency

and activity at the DAT.

4.5 DCK and its possible clinical use

Although DCK is primarily abused as a recreational drug, it is important to note that due to its
similarity with ketamine it may also share its antidepressant effects. With ketamine, a single
subanaesthetic dose can produce a rapid, robust, and long-lasting anti-depressant response and
adequate findings have also been seen in pre-clinical [43-45] and clinical studies [46-50].
Both ketamine and S-ketamine are becoming widely used in clinical practice worldwide, and
S-ketamine already been officially approved for intranasal application.

Interestingly, despite the fact that the S-ketamine has already been approved for the treatment
of depression in humans, data from animal studies in rodents show a better efficacy of R-
ketamine as an antidepressant [10, 51, 52]. In light of this, it is very likely that DCK as an
analogue of ketamine may exhibit similar antidepressant effects. This promising hypothesis,
however, remains to be confirmed by future studies and the rewarding properties and potential

DCK abuse have to be considered. Nevertheless, one other issue concerning the use of DCK
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as a potential antidepressant remains. One of the disadvantages of repeated use of ketamine is
the fact that it causes toxic inflammation of the bladder — cystitis. And this toxic effect has
been also described for the frequently abused analogue — MXE [53]. Based on the website
https://psychonautwiki.org, “DCK seems to exhibit almost identical bladder and urinary tract
problems to those found within ketamine but to a lesser extent. This is suspected to be
because DCK is more potent than ketamine, meaning that less of the drug needs to be
consumed to produce analogous effects”. Our data confirm the hypothesis that DCK is

slightly more potent, whereby decreasing the relative risk of this side effect.

5 Conclusion

DCK shows a pharmacological profile very similar to ketamine. It is slightly more potent and
has longer duration of effects and has a rewarding potential. The S-DCK is more active than
the R-DCK. With respect to the current knowledge about ketamine as a rapid onset

antidepressant, DCK may be another promising candidate.
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Figures

Figure 1: Structures of DCK (A), ketamine (B), PCP (C) and MXE (D).

Figure 2: Structures of prepared metabolites: norDCK (A), trans-dihydroDCK (B), cis-
dihydronorDCK (C), trans-dihydronorDCK (D) and trans-dihydroDCK-d4 (E).

Figure 3. The effect of ketamine and R/S-DCK on recombinant human NMDA receptors. A-
B, Examples of traces obtained from HEK293 cells expressing either hGIuN1/hGIuN2A (A)
or hGluN1/hGIluN2B (B) receptors. The receptors were activated by 1 mM glutamate and
30 uM glycine and the degree of inhibition was measured in the presence of ketamine, R-
DCK, and S-DCK at a concentration range of 0.1 - 100 uM (grey bars). C-D, Concentration-
response curves for the effect of compounds at hGluN1/hGIuN2A (C) and hGluN I/hGluN2B
(D) receptors. The fitted parameters are summarised in Table 1. Data points are mean + SEM.
E-F, Representative current responses from HEK?293 cells transfected with hGluN 1/hGluN2 A
(E) or hGluN1/hGIuN2B (F) receptors to 1 mM glutamate and 30 uM glycine recorded at -80
and +40 mV. The compounds were applied at a concentration of 3 uM in the case of
hGluN1/hGIuN2A receptors and 1 uM in the case of hGIuN1/hGIluN2B receptors. G-H, /-V
plots of normalised current amplitudes of hGluN1/hGluN2A (G) or hGluN1/hGIluN2B (H)
receptors recorded in the presence (filled circle and arrow down symbols) or absence (open
circle and arrow up symbols) of the compounds. Control responses were fitted by a linear
equation and normalised to apparent whole-cell conductance. The fitted parameters are

summarised in Table 2. Data points are mean + SEM.

Figure 4. Effect of ketamine and S-DCK on network activity in primary hippocampal
cultures. A,C, Example of current-clamp traces showing a reduction in AP firing in the
presence of 0.3 pM ketamine (A) or S-DCK (C). B,D, Plots of normalised AP frequency
before and during ketamine (B) or S-DCK (D) application. The small empty circles show data

from individual cells, and the large filled circles show mean + SEM.

Figure 5: Concentrations of DCK and norDCK over 24 hrs (A, C) and concentrations of R-
DCK, §-DCK, R-norDCK, and S-norDCK over 4 hrs (B, D) in serum (ng/ml) and brain tissue
(ng/g) after s.c. administration of DCK (10 mg/kg). The symbols represent the mean values
and the vertical bars SEMs.
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Figure 6: Proposed metabolism pathway. Metabolite structures of norDCK (A), trans-
dihydroDCK (B), cis-dihydronorDCK (C), trans-dihydronorDCK (D) and trans-
dihydroDCK-d, (E).

Figure 7: The first panel represents the effect of DCK and both its enantiomers on locomotor
activity in the OFT in 5-min intervals, 15 min (A) or 60 min (B) after drug administration.
The second panel represents their effect on time spent in the centre of the arena with examples
of characteristic trajectories at 15 min (C) and 60 min (D) after drug administration. The third
panel shows mean thigmotaxis measured 15 min (E) and 60 min (F) after administration. The
bottom panel shows mean percentage PPI, 15 min (G) and 60 min (H) after drug
administration. The symbols/columns represent the mean values and the vertical bars SEMs.

Asterisk represent a significant difference from vehicle.
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Tables

Table 1: The parameters obtained from the concentration-response relationship for ketamine,
S§-DCK and R-DCK at recombinant hGluN1/hGluN2A and hGluN1/hGluN2B receptors
expressed in HEK293 cells.

hGluN1/hGIuN2A hGluN1/hGIluN2B

IC50 (uM) h n | ICs0(uM) h n
R-DCK 14402 1.12 +0.04 9 | 12+02 | 0.99+0.08 6
S-DCK 11402 130 £0.12 7 | 0.6+0.1 1.07 +0.12 7
Ketamine | 1.7 +0.3 1.07 +0.09 9 | 08+02 | 120+0.10 5

Footnote: The /C50 values and Hill coefficients (#) were obtained by fitting the data to the
Eq.2. The values are mean = SEM with n corresponding to the number of independent

measurements.

Table 2: The parameters obtained from the /-V relationship for ketamine, S-DCK and R-DCK
at recombinant hGIuN1/hGIluN2A and hGluN1/hGluN2B receptors expressed in HEK293

cells.
hGluN1/hGIuN2A hGluN1/hGluN2B
Ka(uM) ) n Ka(uM) ) n
R-DCK 244 +11.2 0.44 +£0.03 4 109+ 1.7 0.58 +0.02 5
S§-DCK 21.1+49 0.67 +0.02 4 34+009 0.53 +0.05 3
Ketamine | 20.8 +10.0 0.65+0.10 3 7.8+2.1 0.56 £ 0.05 5

Footnote: The values of K4 and 6 were obtained by fitting the current responses measured in
the presence of compounds to the Eq.3-5 and normalising the data for individual cells to the
estimated whole-cell conductance (gp). The values are mean + SEM with n corresponding to

the number of independent measurements.
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Table 3: The effect of DCK on acoustic startle response (ASR) and habituation.

Drug treatment

Measure Testing Vehicle 5 mg/kg 10 mg/kg 30 mg/kg S-DCK R-DCK
onsets (10mg/kg) | (10 mg/kg)
ASR ISmin [ 159.2(+41.8) [ 127.3(+15.4) | 168.2(322.8) | 157.9(+8.3) | 161.4(+12.7) | 122.5(+12.9)
(arbitrary )
units) 60 min | 206.5(+44.4) | 126(328.6) | 129.7(£18.9) | 115.3(£18.3) N/A N/A
ISmin [ 651(+7.1) 5.5(£13.1) 28.2(£9.1) 24.2(£7.1) 11.0(£12.2) | 2025 (+7.0)
Percentage
habituation .
60min | 37.9(+9.7) -2(£13.6) 10.3(£6.9) | -13.2(£13.9) N/A N/A

Footnote: The numbers represent the mean values, and the numbers in parentheses indicate

+SEM.
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