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Abstract

Rationale and objectives Behavioral, neurochemical and
pharmaco-EEG profiles of a new synthetic drug 4-bromo-
2,5-dimethoxyphenethylamine (2C-B) in rats were
examined.

Materials and methods Locomotor effects, prepulse inhibi-
tion (PPI) of acoustic startle reaction (ASR), dopamine and
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its metabolite levels in nucleus accumbens (NAc), EEG
power spectra and coherence in freely moving rats were
analysed. Amphetamine was used as a reference compound.
Results 2C-B had a biphasic effect on locomotion with
initial inhibitory followed by excitatory effect; amphetamine
induced only hyperlocomotion. Both drugs induced deficits
in the PPI; however they had opposite effects on ASR. 2C-B
increased dopamine but decreased 3,4-dihydroxyphenylace-
tic acid (DOPAC) in the NAc. Low doses of 2C-B induced a
decrease in EEG power spectra and coherence. On the
contrary, high dose of 2C-B 50 mg/kg had a temporally
biphasic effect with an initial decrease followed by an
increase in EEG power; decrease as well as increase in
EEG coherence was observed. Amphetamine mainly in-
duced an increase in EEG power and coherence in theta
and alpha bands. Increases in the theta and alpha power and
coherence in 2C-B and amphetamine were temporally
linked to an increase in locomotor activity and DA levels
in NAc.

Conclusions 2C-B is a centrally active compound similar to
other hallucinogens, entactogens and stimulants. Increased
dopamine and decreased DOPAC in the NAc may reflect its
psychotomimetic and addictive potential and monoaminox-
idase inhibition. Alterations in brain functional connectivity
reflected the behavioral and neurochemical changes pro-
duced by the drug; a correlation between EEG changes
and locomotor behavior was observed.

Keywords 4-Bromo-2,5-dimethoxyphenethylamine (2C-B) -
Amphetamine - Serotonin - Dopamine - Nucleus accumbens -
Behavior - Microdialysis - EEG power spectra -

EEG coherence - Rats
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Introduction

There are many new synthetic psychoactive phenylethyl-
amines, tryptamines, piperazines and cathinones that have
spread across the illicit market around the world over the
last two decades e.g. (Bossong et al. 2005; de Boer et al.
2001; de Boer et al. 1999; EMCDDA 2004; Smolinske et al.
2005; Sumnall and Wooding 2009; Thorlacius et al. 2008).
One of those, 4-bromo-2,5-dimethoxyphenethylamine (2C-B,
desmethyl-DOB or Nexus), is a phenylethylamine derivative
with psychedelic/entactogenic* effects in humans (Shulgin and
Shulgin 1991; Shulgin and Carter 1975) and is representative
for a group of so called “2Cs” (e.g. 4-iodo-2,5-dimethoxyphe-
nethylamine (2C-I), 2,5-dimethoxy-4-ethylphenethylamine
(2C-E), 2,5-dimethoxy-4-propylphenethylamine (2C-P) etc.).
The drug is abused under similar conditions as the recreational
drug ecstasy (3,4-methylenedioxymethamphetamine, MDMA)
(Caudevilla-Galligo et al. 2012; Cole et al. 2002; de Boer and
Bosman 2004; EMCDDA 2004; Huang and Bai 2011). Rec-
reational doses in humans vary in the range of 4-30 mg indi-
cating its higher potency compared to MDMA. In spite of its
popularity among recreational drug users, there is a substantial
lack of evidence about its behavioral effects and mechanisms
of action in scientific literature. Except the 35-year-old study in
humans done by Shulgin and Carter (1975), there is only one
behavioral study performed on chickens to date (Bronson et al.
1995). Despite its reported MDMA-like effects, there are no
reports on its activity on monoamine neurotransmission, and
the only existing binding studies suggest 2C-B acts as a partial
agonist on serotonin 5-HT,,,c and 5-HT o receptors, thus
showing a pharmacological profile similar to psychedelics
(Acuna-Castillo et al. 2002; Glennon et al. 1988; Lobos et al.
1992; Moya et al. 2007). Compared to its phenylisopropyl-
amine hallucinogenic analog 4-bromo-2,5-dimethoxyamphet-
amine (DOB) it has a lower potency in stimulating 5-HT2A
receptors and is comparable in stimulating 5-HT2C receptors
(Moya et al. 2007). With respect to the above mentioned facts,
the intention of our work was to globally characterize 2C-B’s
effects in rats. We concentrated on different modalities: behav-
ior, dopamine neurotransmission and quantitative EEG. Am-
phetamine as a structurally related stimulant was also used in
our experiments. It served as a comparative drug to differenti-
ate empathogenic/entactogenic and/or hallucinogenic effects
(activation of serotonin system) from any possible stimulant-
like activity (dopaminergic activation).

In the behavioral part of our study, we focused on loco-
motor activity and sensorimotor gating. Both of these be-
havioral measures are typically affected by psychedelics as
well as entactogens (Bubenikova et al. 2005; Krebs-
Thomson et al. 1998; Palenicek et al. 2007; Palenicek et
al. 2008; Palenicek et al. 2010) and enable to evaluate
central stimulation and/or depression, habituation to a novel
environment or exploratory behavior (Lat 1973; Wishaw et

al. 1999) and the ability of an individual to appropriately
filter and react to the inputs from the environment (Koch
1999; Swerdlow et al. 2001). Since dopamine is a key
neurotransmitter involved in stimulatory effects of drugs,
in the regulation of sensorimotor gating and is related to
addictive potential of drugs (Geyer et al. 2001; Lingford-
Hughes and Nutt 2003; Roberts and Koob 1997), we sub-
sequently performed microdialysis experiments in the nu-
cleus accumbens (NAc). NAc is divided into two
neurochemicaly and neuroanatomicaly distinct compart-
ments, the medioventral part, the NAc “shell” (related to
limbic amygdala and plays a role in emotional and motiva-
tional functions and in the addiction) and the laterodorsal
part, the NAc “core” (part of the striatopallidal complex and
is involved in somatomotor functions, e.g. locomotor activ-
ity, sensorimotor processing) (Deutch and Cameron 1992;
Fiserova et al. 1999; Pontieri et al. 1995), therefore we have
measured levels of DA and its metabolites in both compart-
ments. 2C-B’s reported mixed entactogenic/psychedelic
properties lead us to a thesis that it would induce compara-
ble changes to psychedelics and/or entactogens such as
MDMA in all of these parameters.

The second objective of our work was to evaluate the
effects of 2C-B on quantitative EEG (QEEG). Quantitative
EEG analysis (EEG power spectral analysis, EEG coherence
etc.) brings a new fundamental approach to describing the
effects of psychoactive substances since they reflect func-
tional connectivity of the brain (Shaw et al. 1978; Thatcher
et al. 1986). To be able to analyse these parameters, we used
an innovative technique of EEG recording from 12 active
cortical electrodes simultaneously in rats. In comparison to
most frequently used recordings from one or two electrodes,
our technique is more translational to human recording
conditions which provides important added value of these
experiments. Another clear benefit is in the possibility to
correlate behavioral effects of the drug with characteristic
patterns in the EEG.

* The term “entactogen” has been suggested as a name
for drugs such as MDMA that do not have pure
hallucinogenic or stimulant properties. It has a psy-
chotherapeutic connotation of producing a touching
within (Nichols 1986).

Materials and methods
Study design

With respect to previous findings with other psychedelic
drugs having a biphasic behavioral action e.g. (Adams and
Geyer 1982; Geyer et al. 1979; Palenicek et al. 2008) as well
as the pharmacokinetics of the 2C-B (Rohanova et al. 2008),
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we monitored behavioral parameters and EEG changes in
two distinct temporal paradigms—during the onset of its
action and during the period of the highest expected brain
concentrations (maximal brain levels of 2C-B after subcu-
taneous (s.c.) administration are reached within 1-2 h
(Rohanova et al. 2008); described below in more detail in
section “Drugs and chemicals”). Additional behavioral and
EEG experiments were also performed in animals treated
with the comparative stimulant amphetamine. The doses of
drugs that were used in the EEG and microdialysis experi-
ments were selected according to their behavioral activity in
the open field and in the PPI ASR test.

Animals

All experiments were carried out on adult male Wistar rats
(SPF animals; Hannover breed Konarovice, Czech Repub-
lic) weighing 200-250 g. Animals were housed in pairs in a
12-h light/dark regime (6 a.m. lights on, 6 p.m. lights off)
with temperatures ranging from 22 °C to 24 °C and were
provided with free access to a standard diet and water. The
rats were given an acclimatization period of 7-10 days prior
to the start of each experiment. During this period, the
animals were weighed twice and handled four times. In the
behavioral experiments, 9—11 animals were used in each
experimental/treatment group; in the microdialysis study 7
animals per each compartment of NAc and in the EEG
experiments 12 animals per group were introduced in the
surgery. Each subject was tested only once. All testing
(behavior, microdialysis and EEG recordings) was per-
formed during the light phase of the cycle from § a.m. to 2
p-m. All experiments respected the Guidelines of the Euro-
pean Union (86/609/EU) and followed the instructions of
the National Committee for the Care and Use of Laboratory
Animals.

Drugs and chemicals

4-Bromo-2,5-dimethoxyphenethylamine hydrochloride
(2C-B.HCl, purity +98 %, hereinafter referred to as 2C-B,
synthesized at the Pharmaceutic faculty of Hradec Kralové,
Charles University, Czech Republic) was dissolved in a
physiological saline. The drug or a vehicle was administered
subcutaneously (s.c.) in a volume of 2 ml/kg. For the be-
havioral experiments, 4 doses of 2C-B were used: 2.5, 10,
25 and 50 mg/kg; for the EEG recordings only intermediate
and high doses, 10 and 50 mg/kg were used, while micro-
dialysis was performed with 2C-B 25 mg/kg. All behavioral
testing was evaluated in two separate temporal constella-
tions with the beginning of testing at (a) 15 and (b) 60 min
after 2C-B administration. For each of these temporal con-
stellations, a new group of animals for each dose was used.
Comparable design was used also for EEG analyses. D-

Amphetamine sulfate (1 and 4 mg/kg s.c. Sigma Aldrich)
hereinafter referred to as amphetamine dissolved in saline
was used as a comparative drug. In the behavioral experi-
ments, the drug was administered 15 min before the start of
each testing. In the EEG experiments, only the higher dose
of 4 mg/kg was used.

Behavioral experiments
Open field (EthoVision)

Locomotor activity (trajectory length) and its spatial char-
acteristic (thigmotaxis and time spent in the centre of the
arena) in a novel environment were registered and analysed
by an automatic video tracking system for recording behav-
ioral activities (EthoVision Color Pro v. 3.1.1, Noldus,
Netherlands). A square black plastic box arena (68x68x
30 cm) was situated in a sound-proof and evenly-lit room.
Eight of the treatment groups were placed into the centre of
the arena 15 min after the drug administration (2C-B 2.5, 10,
25 and 50 mg/kg, amphetamine 1 and 4 mg/kg and
corresponding vehicle groups). For the remaining groups
of animals, the testing started 60 min after the drug admin-
istration (2C-B 2.5, 10, 25 and 50 mg/kg and corresponding
vehicle group). The locomotor activity was registered for
30 min after drug administration. The EthoVision program
was also used to calculate locomotor activity in 5-min time
intervals. To evaluate the spatial characteristics of the move-
ment in the open field, the arena was virtually divided by the
EthoVision program into 5 x5 identical square zones with 16
being located on the periphery and 9 centrally. Initially, the
total number of appearances of the animal in each zone
(frequency; f) was calculated by the program. The thigmo-
taxis (7) was calculated as i=/peripheral zones/fall zones- Thus, the
thigmotaxis is a relative number which varies from 0 to 1
and indicates the probability of appearance in any of the
peripheral zones within the arena. As a complementary
measure, time spent in the centre of the arena (Tiepee) Was
analysed, equaling the summation of time spent in the 9
central zones (Xt;_o; Palenicek et al. 2005). These measures
may reflect alterations in exploratory behavior, be associated
with anxiety and in some cases can also describe the stereo-
typed behavior (Lat 1973; Palenicek et al. 2005; Palenicek et
al. 2007; Palenicek et al. 2008; Palenicek et al. 2010; Wishaw
et al. 1999)

Sensorimotor gating

Sensorimotor gating was measured in a test of prepulse
inhibition (PPI) of acoustic startle reaction (ASR). All of
the rats were habituated to the testing apparatus in a short
session (a 5-min acclimatization period plus five single
pulses 2 days before the experiment). On the day of the
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measurements, the same administration scheme was used as
for the locomotor experiments. Rats were administered with
2C-B 2.5, 10, 25 and 50 mg/kg or saline (15 or 60 min
before placement into the testing chamber) or amphetamine
1 and 4 mg/kg or saline (15 min before placement into the
testing chamber). All testing was performed in two calibrat-
ed startle chambers (SR-LAB, San Diego Instruments, Cal-
ifornia, USA) which consist of a sound-proof, evenly-lit
enclosure with a Plexiglas stabilimeter with an 8.7 cm inner
diameter and a piezoelectric accelerometer. A high frequen-
cy loudspeaker mounted 24 cm above the Plexiglas cylinder
inside the chamber produced both a background noise of
75 dB and all the acoustic stimuli. The experimental design
was adopted from previous studies (Bubenikova et al. 2005;
Palenicek et al. 2008; Palenicek et al. 2010). After the
acclimatization period (5 min), the test began with the first
session consisting of four initial startle stimuli (125 dB). It
was followed by the second session which consisted of four
different trial types presented in a pseudo-random order: (1)
single pulse: 125 dB broadband burst, 20 ms duration; (2)
prepulse—pulse: prepulse 13 dB above the background
noise, 20 ms duration, presented 100 ms before the onset
of the 125 dB pulse alone; (3) prepulse alone: 13 dB above
the background noise, 20 ms duration; (4) no stimulus. Five
presentations of each trial type were given with a floating
interstimulus interval of about 30 s. The PPI was expressed
as a percentage of PPI [100—(mean response for the pre-
pulse—pulse trials/startle response for the single pulse tri-
als)x100]. The four single pulse trials at the beginning of
the first session were not included in the calculation of the
PPI values. Animals with an average startle value lower than
10 manufacturer’s arbitrary units were excluded from the
calculation of the PPI and were marked as non-responders.
The number of animals excluded from the analysis did not
significantly differ among all treatment groups; a maximum
of 2 animals in one treatment group (in most of the groups
none or one animal) were excluded. The final number of
animals used in the analysis after non-responders exclusion
remained between 9 and 11 per group as stated above.

Microdialysis
Surgery and dialysis

Rats (280-330 g) were anaesthetized with a halothane
anesthesia (Narcotan) before surgery. Each rat was placed
in a stereotaxic apparatus (Stoelting Co., Illinois, USA) and
a guide cannula (MAB 4.15.1C; Agn Tho’s AB, Sweden)
was implanted through a burr hole 2 mm above the NAc
Core (A +1.2 mm, L £2.0 mm, V —6.0 mm from bregma) and
NAc Shell (A +2.0 mm, L +1.2 mm, V —6.2 mm from bregma,;
Paxinos and Watson 2003). After surgery, the rats were placed
separately in their cages and left 7 days for recovery prior to

the collection of dialysates. Dialysis probes (MAB 4.15.2.Cu;
AgnTho’s AB, Sweden; cuprophane 2 mm membrane; cut-off
6 kD) were placed into the NAc under a light halothane
anesthesia. The probes were connected to a syringe pump
(Univentor 864, AgnTho’s AB) and perfused with artificial
cerebro-spinal fluid with a flow rate of 2 ul/min. After a 60-
min wash-out period, the dialysates were collected at 20-min
intervals in plastic vials containing 15 ul of 0.1 M HCI to
reduce decomposition of the analytes. Initially, three samples
of dialysates were collected to establish baseline levels of
dopamine and its metabolites. Subsequently, 2C-B 25 mg/kg
s.c. was administered and collection of samples continued
until 12 samples were gathered. Therefore, collection of
microdialysates lasted for 5 h in total. The placement of
microdialysis probes was verified using Nissl staining. After
the microdialysis study, the rats were sacrificed by an over-
dose in halothane anesthesia and the brains were removed and
stored in 10 % formaline. Determination of exact probe im-
plantation in the brains was verified by examination of brain
slices (coronal frozen sections of the brain at 40 um intervals)
under a Zeiss AxioVision Imaginer Z1. The appropriate place-
ment of the probe was estimated in comparison to the
corresponding slices obtained by the atlas (Paxinos and
Watson 2003). After the verification, a total of 4 rats were
used for the determination of dopamine and its metabo-
lites in the NAc Core and 5 in the NAc Shell. The rest had
to be excluded due to inappropriate position of the probe
or due to unsuccessful perfusion.

Determination of dopamine and its metabolites by liquid
chromatography mass spectroscopy (LC-MS)

Dopamine and its first phase metabolites homovanillic acid,
3-methoxytyramine and 3,4-dihydroxyphenylacetic acid
(HVA, 3-MT and DOPAC) were measured in microdialysis
samples from nucleus accumbens by LC-MS analysis, de-
scribed in detail elsewhere (Syslova et al. 2011). Briefly, a
Varian ProStar high pressure liquid chromatography
(HPLC) system was used, consisting of a dual pump ProStar
210, a degasser and a Varian 410 autosampler (Varian, USA)
equipped with a Gemini C18 5 um 110A 150x2 mm (Phe-
nomenex, USA). The mobile phase (solvent A: aqueous
solution of acetic acid (pH 2); solvent B: methanol) was used
for a gradient elution at a flow rate of 150 pl/min. The HPLC
elution program was as follows: 5 % B (3 min)—30 % B
(linear increase in 2 min)— 30 % B (10 min)—5 % B (linear
decrease in 1 min)—5 % B (4 min). The column temperature
was maintained at 25 °C. The injection volume was 5 pl.
The HPLC system was directly coupled to a Varian
1200L triple quadrupole mass spectrometer (Varian, USA)
equipped with an electrospray ion source. The scan moni-
toring reactions (precursor ion— fragment ion) used for the
analyses and their collision induced dissociated (CID)
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energy were as follows: m/z 137—m/z 120 (CID=-17.5 eV)
for DA; m/z 141 —m/z 123 (CID=-17.5 eV) for DA-d4; m/z
181—m/z 122 (CID=17.0 eV) for HVA; m/z 168 —m/z 151
(CID=-11.5 eV) for 3-MT and m/z 167—m/z 122 (CID=
8.5 eV) for DOPAC. Data were acquired and evaluated using
ProStar version 6.91 (Varian, USA).

EEG experiments
Stereotactic surgery

The rats were stereotactically implanted with 14 silver elec-
trodes under halothane anesthesia 7 days before EEG re-
cording. Twelve active electrodes were implanted on the
surface of the cortex in homologous areas of the frontal,
parietal and temporal regions of the right and left hemi-
spheres. Stereotactic coordinates from bregma (Paxinos
and Watson 2003) were: A +5 mm and L +2 mm for the
frontal association cortex (electrodes F3/F4), A +2.2 mm and
L +3.2 mm for the primary motor cortex (electrodes C3/C4),
A —3.8 mmand L +2.5 mm (electrodes P3/P4) and A -4.5 mm
and L +4.5 mm (electrodes P5/P6) for the medial and lateral
parietal association cortex, A -3.6 mm and L £7.2 mm for the
temporal association cortex (electrodes T3/T4) and A -8.3 mm
and L +5.8 mm for the secondary auditory cortex (electrodes
T5/T6). The reference electrode was implanted above the
olfactory bulb and the ground electrode subcutaneously in
the occipital region. All electrodes were fixed to the skull with
Dentalon dental cement. After the operation, the animals were
individually placed in plastic cages, where they remained until
the EEG recording. The day before EEG recording, a connec-
tor was mounted to the electrodes under short-term total
halothane anesthesia and again fixed with dental cement.

EEG recordings

Approximately 15 min before administration of the com-
pound, the animals were deprived of food and water and
connected to the EEG system in their home cages. A 10-min
recording session was obtained immediately before treat-
ment to serve as a baseline condition. Subsequently, 2C-B
10 or 50 mg/kg, amphetamine 4 mg/kg or saline were
administered subcutaneously and registration continued for
another 65 min in the case of 2C-B and vehicle treatments
(total length of record, 75 min) and for 35 min in the case of
amphetamine (total length of record, 45 min). The rats were
able to move freely in the cage during all EEG recording
while being connected with a cable to a data acquisition
system. Raw EEG signals were recorded using the Brain-
Scope (Unimedis, Prague) data acquisition system with an
EADS-221 amplifier having a frequency band of 0.15—
70 Hz. The system acquired the data with a 16-bit depth,
7.63 nV/bit resolution (i.e. ~130 bit/uV) and a dynamic

range of £500 nV. The data were recorded using a sampling
rate of 250 Hz. EEG data were stored on a PC hard disk for
oftline processing and analysis. Each rat was recorded only
once with the specific treatment. Animals were handled for a
few seconds by an observer when a suspicion of sleep was
present (i.e., animals did not move and tended to close their
eyes). Concomitantly, a mark in the EEG trace was placed to
label this epoch, which was then excluded from the analysis.
However, this happened only in the vehicle treated animals.

EEG signal processing

From the 12 operated animals, 10 animals for 2C-B 10 mg/kg
and 9 animals for 50 mg/kg, 10 animals for amphetamine
4 mg/kg, and 9 saline animals were included for signal anal-
ysis, the others were excluded because of technical difficulties
during recording and/or insufficient data quality. The EEG
data was bandpass filtered with a linear FIR (Finite Impulse
Response) filter with 111 coefficients in the range of 0.5—
45 Hz. For a detailed description of FIR filters, see Principe
and Smith (1986). For each EEG recording session the fol-
lowing EEG segments (10 min in duration) were edited for
further processing: the first EEG segment was selected from
the baseline EEG record (0—10 min for all groups), the second
set of data was taken between 15-25 (for vehicle and 2C-B
treatments) and 10-20 min (for amphetamine treatment), the
third was taken between 25-35 min (for vehicle and amphet-
amine treatments) and the last was taken 55-65 min (for
vehicle and 2C-B treatments) after the administration of the
substance. Each 10-min EEG segment was subjected to edit-
ing procedures using Neuroguide software (Neuroguide©
NG-2.4.6, Applied Neuroscience Inc., St. Petersburg, FL) in
which a 1- to 2-s template of “clean”, artifact-free EEG was
selected. This template was then used to compute matching
amplitudes of EEG using flexible criteria of equal amplitudes
to amplitudes that are <1.25 times larger. The decision as to
which clean EEG sample multiplier is used was determined by
the length of the sample 50 s as a minimum, visual inspection
of the digital EEG and when split-half reliability and test re-
test reliability measurements were >0.95. Split-half reliability
is the ratio of variance between the odd and even seconds of
the time series of selected digital EEG while test re-test
reliability is the ratio of variance between the first half vs.
the second half of the selected EEG segments (variance=sum
of'the square of the deviation of each time point from the mean
of the time points). Test re-test reliability >0.90 is commonly
accepted in scientific literature. For a detailed description of
editing procedures see Thatcher et al. (1987; 2003). After
multiple visual inspections and selection of clean EEG sam-
ples, the edited samples varied in length from 52 to 140 s
(mean 69.57 s; s.d. 17.81 s) for the 2C-B group, from 53 to
142 s (mean 75.6 s; s.d. 22.77 s) for the amphetamine group
and from 53 to 119 s (mean 71.92 s; s.d. 16.2 s) for the vehicle
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group. There was no significant difference across groups in the
length of edited data (one-way RM ANOVA for each treatment
group; £ 16=2.56, p=0.11 for 2C-B 10 mg/kg, F» 14)=1.66,
p=0.23 for 2C-B 50 mg/kg, F(5,15y=0.94, p=0.41 for amphet-
amine 4 mg/kg and F436=2.497, p=0.06 for vehicle).

The spectral content of the EEG was quantified by Fast-
Fourier Transform (FFT) analysis. The EEG was automati-
cally downsampled by Neuroguide software to 128 Hz, and
spectra between 0.5 and 40 Hz were calculated at a 0.5-Hz
resolution for each 2-s epoch. The auto-spectra of individual
electrodes and cross-spectra of selected electrode pairs were
obtained for the following frequency bands: delta (1-4 Hz),
theta (4—7 Hz), alpha (8—12 Hz), beta (12-25 Hz), high beta
(25-30 Hz) and gamma (30-40 Hz).

EEG coherence is defined as the cross-power spectrum
per explicit frequency of two electrode positions recorded
simultaneously at different sites. This method enables us to
evaluate a resemblance of EEG activity between two corti-
cal regions interpreted as an indication of their functional
interaction and/or connectivity. EEG coherence was derived
from auto-spectral and cross-spectral values for 30 intra-
hemispheric electrode pairs (F3-C3, F3-P3, F3-P5, F3-T3,
F3-T5, C3-P3, C3-P5, C3-T3, C3-T5, P3-P5, P3-T3, P3-T5,
P5-T3, P5-T5, T3-T5 on the left hemisphere and analogi-
cally on the right) and 6 inter-hemisperic electrode pairs
(between electrodes F3-F4, C3-C4, P3-P4, P5-P6, T3-T4,
T5-T6).

Statistical analysis
Behavioral and microdialysis experiments

Statistical analysis of total locomotion and PPI ASR was
conducted by two-way analysis of variance (ANOVA) with
2C-B treatment and time after administration as factors. In
the case of locomotion in 5-min intervals, a two-way repeat-
ed measures analysis of variance (RM ANOVA) with treat-
ment as the between-subjects factor and time interval as a
repeated measures factor were performed (for 15 and 60 min
after administration separately). One-way ANOVA was used
for analysis of amphetamine induced behavioral changes.
All analyses were followed by Newman—Keuls post hoc
tests and were performed using the program SigmaStat v.
3.0; the differences between groups with p<0.05 and lower
were considered significant.

Due to an insufficient number of animals for each part of
NAc for the performing two-way analysis and due to the
comparable effects in each of them, the microdialysis data
were pooled and analysed together. Analysis of levels of
dopamine and its metabolites in microdialysates was then
performed with Friedman’s repeated measures ANOVA for
ranks with a subsequent Wilcoxon matched pairs test as the
post hoc tests with the time of sample collection as a

repeated measure variable. The analysis was performed
using the Statistica v. 9.0 program; differences between
groups with p<0.05 and lower were considered significant.

EEG experiments

EEG data were analysed by Neuroguide software v. 2.4.6.
(© 20022008 Applied Neuroscience, Inc.). In all EEG
experiments each animal served as a self control (baseline
data (first 10 min before administration) were compared to
data 10-20, 15-25, 25-35 or 55-65 min after administra-
tion). The power spectral analysis for each spectral band
was calculated using a one-way RM ANOVA with post hoc
Newman—Keuls test. The mean power was calculated from
individual values of single electrodes from each animal
exported from the Neuroguide software and further statisti-
cal analysis was done by Sigmastat v. 3.0. EEG coherence
statistical analysis was done by Neuroguide software (Neu-
rostat module) using a paired ¢ test. Neuroguide calculated
the coherence analysis for 65 pairs of electrodes (we are
presenting data only for all intrahemispheric and homolo-
gous interhemispheric pairs). The difference between
groups with p<0.05 was considered significant. Subse-
quently Familywise Error (FWE) with Bonferroni correction
was used to correct for multiple (65) comparisons in leading
to a level of significance p<0.015. Corrected results are
displayed in the corresponding figures.

Results
Behavioral experiments—effects of 2C-B
Locomotion

Two-way ANOVA was conducted on total locomotion
(Fig. 1a) and revealed that there was a significant interaction
between the factor treatmentxtime after administration
(F(4,89)=8.15, p<0.001). Time after administration
(F(1,89)=20.24, p<0.001) had a significant effect but
treatment (F4,89)=0.23, p=0.92) on the other hand did
not. Post hoc analysis showed that when the drug was
administered 15 min before testing, 2C-B 25 mg/kg
decreased total locomotion (p<0.05) and there was also
a trend for 2C-B 50 mg/kg (»=0.06) while other doses did
not differ significantly from the vehicle group. On the
contrary, administration of the drug 60 min before testing
induced an increase in locomotion after 2C-B 25 mg/kg
(p<0.01), other doses did not differ from the
corresponding vehicle. Comparison between the two
designs revealed significantly longer trajectory of animals
after 2C-B 10, 25 and 50 mg/kg at 60 min after drug
administration than at 15 min (p<0.05-p<0.001).
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Fig. 1 Effect of 2C-B on total locomotion (a) and on prepulse inhibi-
tion (PPI) of acoustic startle reaction (ASR; b). a Total distance
travelled was significantly decreased by 2C-B treatment when admin-
istered 15 min before the start of measurement; on the contrary, an
increase in locomotion was observed when the drug was administered
60 min before measurement. Further, there was a significant difference

Detailed analysis of 5-min intervals in animals adminis-
tered 15 min before the experiment (two-way RM ANOVA;
Fig. 2a) showed significant interaction of the factors
treatment < time interval (F(20225=14.13, p<0.001) along
with significant treatment effect (F4225=4.26, p<0.01) and
time interval effect (F s 225y=30.32, p<0.001). Post hoc tests
for time effects showed that in vehicle and 2C-B 2.5 mg/kg
treated animals the locomotion was shorter in all subsequent
intervals compared to the first interval (0—5 min; p<0.001 for
all intervals) and similarly in the second interval (5—
10 min; p<0.01-p<0.001). In vehicle treated animals,
the same was observed for the third interval (10—
15 min) compared to the fourth (20-25 min) and fifth
(25-30 min) interval (p<0.01). For all other doses of 2C-B
(10, 25 and 50 mg/kg) locomotion was almost constant in all
time intervals showing no significant differences between
intervals. Post hoc tests for treatment effects showed that
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Fig. 2 The effect of 2C-B on locomotion in 5-min intervals. a Adminis-
tration of 2C-B 15 min before the start of the measurement—2C-B 10, 25
and 50 mg/kg induced hypolocomotion during the first two intervals. b
Administration of 2C-B 60 min before the start of the measurement—2C-B
10, 25 and 50 mg/kg induced hyperlocomotion during the second part of

between 2C-B 25 and 50 mg/kg between the two timings. b Prepulse
inhibition was disrupted by 2C-B treatment in both timings. This effect
was more obvious when 2C-B was administered 15 min before the start of
measurement. All data are presented as mean+SEM. *p<0.05, **p<0.01
and ***p<(.001 from the respective vehicle (control) group; #p<0.05
and ##p<0.001 between the two timings

during the first two intervals 2C-B 10, 25 and 50 mg/kg
significantly shortened trajectory compared to the vehicle
group (p<0.01-p<0.001).

In groups treated 60 min before the measurement,
(Fig. 2b) two-way RM ANOVA again revealed interaction
of the factors treatmentxtime interval (F(9220y=3.54,
p<0.001) and significant effects of treatment (F4220)=
4.14, p<0.01) and time interval (F(s220y=103.07, p<
0.001). Subsequent post hoc tests for time effects revealed
that the locomotor effects in the vehicle and 2C-B 2.5 mg/kg
treated animals where comparable to the previous ones. In
both groups, locomotion continuously decreased during the
second and third interval (p<0.05-p<0.001 for interval
comparisons). On the contrary to administration 15 min
prior to testing, all other doses of 2C-B showed a similar,
though less pronounced, decrease in locomotion during the
testing period as controls or 2C-B 2.5 mg/kg (p<0.05-p<
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the measurement. All data are presented as mean+SEM. *p<0.05,
**p<0.01 and ***p<0.001 from the vehicle (control) group for 2C-
B 10 mg/kg; +p<0.05, ++p<0.01 and +++p<0.001 from the vehicle
(control) group for 2C-B 25 mg/kg; #p<0.05, ##p<0.01 and ###p<
0.001 from the vehicle (control) group for 2C-B 50 mg/kg
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0.001 when compared to the first two intervals). Post hoc
tests for treatment effects showed that from the third interval
(10-15 min) until the end of measurement animals treated
with 2C-B 10, 25 and 50 mg/kg had longer total locomotion
compared to the vehicle group while during the first two
intervals the locomotion was not significantly affected.

Thigmotaxis (i) and time spent in the centre of the arena

(Tcentre)

Two-way ANOVA of thigmotaxis revealed no signifi-
cant effects of treatment (F430)=0.99, p=0.42), time
(F(l,89):2~279 p:014) or interaction (F(4,89): 142, p:023)
However, two-way ANOVA for time spent in the centre
showed an interaction between factors treatmentxtime after
administration (F4,39)=3.36, p<0.05) and an effect of treat-
ment (F489)=3.88, p<0.01) but not of time (F(; goy=2.17,
p=0.14). Post hoc tests revealed that 2C-B 50 mg/kg
administered 15 min before testing increased time spent
in the centre of the arena (68.8 s in vehicle versus 282.4 s in
2C-B 50 mg/kg, p<0.001). This was also apparent when
compared to the same treatment administered 60 min before
testing (77.82 s versus 282.4 s, p<0.001). No change was
observed when comparing the effects of 2C-B administered
60 min before testing versus the vehicle.

Acoustic startle reaction (ASR) and prepulse inhibition
(PPI) of acoustic startle reaction (Table 1 and Fig. 1b)

Two-way ANOVA of ASR (Table 1) revealed significant
effect of treatment (F4 99y=6.22, p<0.001) and of time after
administration (F(1,90y=11.14, p<0.001) but no interaction
of factors (£} 99y=0.77, p=0.55). Post hoc tests showed that
2C-B administration significantly decreased ASR of
animals tested 15 min as well as 60 min after drug
administration (p<0.05-p<0.01 except 2C-B 50 mg/kg
tested 60 min after administration). The effect was more
pronounced at 15 min.

Two-way ANOVA for the effect on PPI (Fig. 1b) showed
a significant effect of treatment (F4 99,=7.86, p<0.001), but
none for time after administration (/;,90y=0.027, p=0.87)

Table 1 The effect of 2C-B on acoustic startle reaction (ASR)

or interaction (F(4,00)=0.87, p=0.48). Post hoc analysis
revealed that in animals administered 15 min prior to testing
2C-B 10, 25 and 50 mg/kg significantly differed from the
vehicle (p<0.05-p<0.001). In animals treated 60 min prior
to testing 2C-B 2.5, 10 and 50 mg/kg differed significantly
from the vehicle (p<0.05—p<0.01), while in 2C-B 25 mg/kg
we observed only a trend to disrupt PPI (p=0.06).

Behavioral experiments—effects of amphetamine
Locomotion

One-way ANOVA analysis of amphetamine locomotor
effects (Fig. 3a) showed significant treatment effects
(F2,28=8.72, p<0.001; Fig. 3a). Both doses of amphet-
amine (1 and 4 mg/kg) significantly increased locomotion
when compared to the control group (p<0.01-p<0.001) as
was shown by post hoc tests.

Acoustic startle reaction (ASR) and prepulse inhibition
(PPI) of acoustic startle reaction

One-way ANOVA reveled that amphetamine significantly
increased ASR (F(227,=4.75, p<0.05) with only amphet-
amine 4 mg/kg being significant (p<0.05; Table 2). The PPI
was also attenuated by amphetamine (/2 »7y=3.94, p<0.05).
Again only amphetamine 4 mg/kg disrupted PPI (»<0.05;
Fig. 3b).

Levels of dopamine and its metabolites in microdialysates

Friedman’s RM ANOVAs on ranks showed the significant
effect of 2C-B treatment for dopamine and all metabolites
(x*=99.3 (dopamine), 108.8 (DOPAC), 65.5 (HVA), 113.6
(3-MT), df=14, p<0.001 for all monoamines; Fig. 4a—d).
2C-B 25 mg/kg significantly increased dopamine levels
in both compartments of NAc (up to 4.5xmore than the
baseline, p<0.05-0.001). The increase in dopamine dialy-
sate levels persisted 120 min after drug administration. A
similar pattern of changes was observed for its metabolites
HVA (up to 6x more than the baseline, p<0.05-0.001) and
3-MT (up to 7% more than the baseline, p<0.05-0.001). On

Time of Vehicle 2C-B dose
administration
2.5 mg/kg 10 mg/kg 25 mg/kg 50 mg/kg
Mean of startle amplitude 15 min 84.80 (+7.67) 53.78 (£8.11)* 37.48 (£7.92)** 44.4 (£8.47)* 35.54 (£5.25)**

(manufacturer’s arbitrary units=SEM) ¢ min

103.62 (+22.51)

58.92 (£8.49)* 60.86 (£6.33)*  65.8 (£7.67)* 77.2 (£11.32)

2C-B significantly decreased ASR in both experimental settings
*p<0.05; **p<0.01 from the vehicle (control) group
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Fig. 3 The effect of amphetamine (AMPH) on total locomotion and
on prepulse inhibition (PPI) of acoustic startle reaction (ASR).
a Amphetamine significantly increased locomotion in both doses. b

the contrary, DOPAC decreased to 38 % (in the Core) and
25 % (in the Shell) of the baseline levels.

EEG experiments—effect on EEG absolute power spectra
Effect of 2C-B on absolute EEG power spectra

One-way RM ANOVAs revealed that 2C-B 10 mg/kg
had a significant effect on the mean power in beta
(F(2’16):4.96, p<005), hlgh beta (F(2,16)29.63, p<001) and
gamma (F16=16.81, p<0.001) bands (Fig. 5a, b). Post hoc
tests showed that 2C-B 10 mg/kg significantly decreased the
mean power down to 88 %, 77 % and 74 % of the baseline
within the beta, high beta and gamma bands, respectively
(»<0.05-p<0.001). The effect was present during the
initial phase of the drug’s action (15-25 min after admin-
istration) as well as during the later stage (55—65 min after
administration). The decrease was present above almost
all electrodes on both hemispheres. There was also a
slight insignificant increase of the power within the delta
band at 55-65 min (Fig. 5a).

In 2C-B 50 mg/kg treated animals, one-way RM ANOVAs
showed an effect of treatment in the theta (F5,14)=4.44,
p<005), beta (F(2,14):6.24, p<005), hlgh beta (F(2’14):6.74,
p<0.01) and gamma (F3,14,=4.97, p<0.05) bands. Post hoc
tests revealed that it significantly decreased the mean power
during the initial phase of the drug’s action (15-25 min after
administration) down to 76.3 % of the baseline within the beta,

Table 2 The effect of amphetamine on acoustic startle reaction (ASR)

60 -
50 1

40 -

*
30
20 -
10 -
0 T !

n=10 n=10 n=10
AMPH 1 mg/kg AMPH 4 mglkg

% of PPI

vehicle

PPI was significantly disrupted by amphetamine 4 mg/kg. All data are
presented as mean+SEM. *p<0.05 and ***p<0.001 from the vehicle
(control) group

high beta and gamma bands (p<0.05-p<0.01 for each). During
the later stage (55—65 min after administration), there was only
a significant decrease in the high beta band (p<0.05); though in
the present, the decrease in beta and gamma bands was insig-
nificant. On the other hand, there was a significant increase of
the power within the theta band (135 % of the baseline,
p<0.05) and an insignificant increase in the delta band (125 %
of the baseline). The decrease and/or increase were present
almost above all electrodes in both hemispheres (Fig. 5b).

Effect of amphetamine on absolute EEG power spectra

One-way RM ANOVAs in amphetamine 4 mg/kg treated
animals revealed a treatment effect in the theta (F,;5)=6.66,
p<0.01), alpha (F(3,15=4.58, p<0.05) and beta bands
(F2,18=4.03, p<0.05; Fig. 6a). Post hoc tests showed that
amphetamine 4 mg/kg during the onset of its action (10—
20 min after administration) significantly increased the mean
absolute power in the theta (143.5 % of the baseline, p<0.01)
and alpha (163.7 % of the baseline, p<0.05) bands. The
increase persisted at 25-35 min after administration
(132.8 % of baseline (p<0.05) for theta and 172.5 % of
baseline (p<0.05) for alpha); however a significant decrease
in the mean absolute power in the beta band (86.8 % of the
baseline, p<0.05) was also present. The power increases were
most obvious above the parietal electrodes on both hemi-
spheres, while the decreases in beta were recorded above the
frontal and parietal electrodes (Fig. 6a).

Vehicle

Amphetamine 1 mg/kg Amphetamine 4 mg/kg

Mean of startle amplitude (manufacturer’s arbitrary units=SEM)

83.26 (£10.21)

91.38 (+18.08) 149.12 (+21.41)*

Amphetamine significantly increased ASR in a dose of 4 mg/kg
*p<0.05 from the vehicle (control) group
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Fig. 4 The effect of 2C-B 25 mg/kg s.c. administration on dopa-
mine, DOPAC, HVA and 3-MT levels in the nucleus accumbens
(NAc) Core and Shell in brain microdialysates. Baseline levels of
dopamine (a) and DOPAC (b) were slightly higher in NAc Shell
compared to Core (Ist three points on each curve). Administration
of the drug induced significant increase in dopamine levels in
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Fig. 5 The effect of 2C-B treatments on mean absolute EEG
power. a The effect of 2C-B 10 mg/kg on mean absolute power
(n=9)—the mean power was decreased in the beta, high beta and
gamma bands in both intervals. b The effect of 2C-B 50 mg/kg
on mean absolute power (n=8)—the mean power was decreased
in the beta, high beta and gamma bands at 15-25 min after
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both parts of NAc. Similarly there was an increase in HVA (c)
and 3-MT (d) levels; on the contrary, there was a drop in DOPAC
(b). Levels of all monoamines returned to the baseline approxi-
mately 160 min after the injection of 2C-B. All data are presented
as mean+SEM
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administration; on the contrary, at 55-65 min after administration,
an increase in theta power was observed. All data are presented
as mean+SEM. *p<0.05, **p<0.01 and ***p<0.001 from the
baseline for 10-20 min. +p<0.05, ++p<0.01 and +++p<0.001
from the baseline for 55-65 min
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Fig. 6 The effect of amphetamine and vehicle treatments on the mean
absolute EEG power. a The effect of amphetamine 4 mg/kg on mean
absolute power (n=10)—the mean power was increased in theta and
alpha bands in both timings; however, during 25-30 min after amphet-
amine administration, a slight decrease in beta power was also ob-
served. All data are presented as mean+SEM. *p<0.05 and **p<0.01

Effect of vehicle on absolute EEG power spectra

One-way RM ANOVAs showed an effect in vehicle treated
animals in the high beta (/3 27)=5.07, p<0.01) and gamma
(F3,27y=4.57, p=0.01) bands. Post hoc tests showed that
administration of the vehicle did not induce any changes in
mean absolute power during the 15-25 and 25-35 min
intervals. However, during the 55-65 min interval a de-
crease in the mean absolute power in the high beta
(86.5 % of the baseline, p<0.01) and gamma (82.9 % of
the baseline, p<0.01) bands was observed. More specifically,
the decrease in the beta band was present only above the frontal
and parietal electrodes; on the contrary the decrease in the
gamma band was observed above all electrodes (Fig. 6b).

EEG experiments—effect on EEG coherence
The effect of 2C-B treatments on EEG coherence

2C-B 10 mg/kg induced an overall decrease in the
coherence in all frequency bands. During the onset of the
drug’s action (15-25 min after administration), the most
prominent constant decreases were observed in inter-
hemispheric temporal coherence, intra-hemispheric parieto-
temporal and fronto-temporal coherence. In the beta, high
beta and gamma bands, a decrease in inter- and intra-
hemispheric coherence between the frontal electrodes was
also present (Fig. 7a). Later at 55—65 min after drug admin-
istration, the decrease in coherence had a similar trend. In
addition to the decrease in inter-hemispheric temporal
coherence, a decrease in parietal inter-hemispheric
coherence was also observed, and intra-hemispheric
parieto-temporal and fronto-temporal coherence also
decreased (Fig. 7b).
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from the baseline for 10-20 min. +p<0.05 from the baseline for 25—
35 min. b The effect of the vehicle on mean absolute power (n=9)—
mean power was not altered at 15-25 and 25-35 min; however, a
significant decrease in power was observed in high beta and gamma
bands at 55-65 min after administration. ++p<0.01 from the baseline
for 55-65 min

2C-B 50 mg/kg induced a decrease as well as an increase in
coherence between the electrodes. During the onset of the
drug’s action (15-25 min after administration), there was a
constant decrease of frontal, temporal and parietal inter-
hemispheric coherence in the delta, theta, alpha and beta bands.
Changes were most robust in the beta band. In the higher
frequency bands, starting from beta, an increase in intra-
hemispheric fronto-temporal and fronto-parietal coherence
was dominant (Fig. 8a). At 55-65 min after drug administra-
tion, changes were of a similar trend. The decrease in temporal
inter-hemispheric coherence persisted; however there were
fewer changes in the beta band. The increase of fronto-
parietal intra-hemispheric coherence was less pronounced than
at 15-25 min and also shifted to the lower part of the spectrum
(theta and alpha). Most prominent changes were observed in
the theta, alpha, high beta and gamma bands (Fig. 8b).

The effect of amphetamine 4 mg/kg treatment on EEG
coherence

The main effect of amphetamine 4 mg/kg at 10-20 min after
administration was a global increase in coherence in theta and
alpha bands. Some other increases were also present in the beta,
high beta and gamma bands. On the contrary, only minor
decreases were observed in the delta and even less in the beta
and gamma bands (Fig. 9a). At 25-35 min after administration,
the direction of changes was similar in the delta, theta, alpha
and gamma bands; however in the beta and high beta bands,
there was a greater decrease in coherence (Fig. 9b).

The effect of vehicle treatment on EEG coherence

Animals treated with the vehicle showed only minor
changes in EEG coherence during 15-25 and 25-35 min
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Fig. 7 EEG coherence for 2C-B 10 mg/kg treated animals (2=9) 15-25
min (a) and 55-65 min (b) after the administration—comparison to
baseline record. 2C-B 10 mg/kg induced only decreases in coherence
throughout the spectrum, the most prominent changes were decreases in
inter-hemispheric coherence and some decreases in fronto-temporal intra-

after administration of the vehicle. These changes were
mainly increases in fronto-temporal intra-hemispheric
coherence in the delta and theta bands. A decrease in
coherence in the high beta and gamma bands especially at
25-35 min after administration was also observed (Fig. 10a,
b). However, during the last interval analysed (55-65 min),
there was only an increase in inter-hemispheric temporal
coherence in the delta band and on the contrary there was a
significant decrease in coherence mainly in the alpha, beta and
high beta bands. There were mainly fronto-temporal and
fronto-parietal intra-hemispehric and frontal, parietal
and temporal inter-hemispheric decreases in coherence
within these bands. Some minor decreases with a similar
trend were also observed in the theta and gamma bands
(Fig. 10c).

Discussion

2C-B affected most of the behavioral parameters and EEG
measures analysed and induced an increase in the dopamine
levels in the nucleus accumbens (NAc). The compound had
a biphasic effect on locomotion (decrease followed by an
increase) and it disrupted sensorimotor gating. In EEG
experiments dose and time related biphasic effects were also
observed. The comparative active drug, amphetamine, also

hemispheric coherence. (The red color indicates an increase of coherence,
blue color indicates a decrease of coherence. Statistical significance of the
changes found (paired 7 test) is expressed by the thickness of the line as
displayed at the bottom of the image. If a yellow line is shown, then the
data also survived FWE correction)

affected behavioral patterns and EEG. It induced hyperlo-
comotion, deficits in sensorimotor gating and increases in
EEG power spectra and coherence.

Behavioral findings

2C-B yielded an initial decrease in locomotion during the
onset of effects which changed to an increase at 60 min after
administration. The hyperlocomotion, most pronounced af-
ter 2C-B 25 mg/kg, temporally correlated with its potency to
release dopamine and to its expected maximal brain con-
centrations (Rohanova et al. 2008). A diminution of habit-
uation after higher doses of the drug was clearly visible in
the detailed locomotor curve. This is very similar to what we
have previously found with mescaline (Palenicek et al.
2008) to which the parent compound is closely related.
The hypolocomotor and temporal and dose dependent biphas-
ic effects (with hypolocomotion followed by hyperlocomo-
tion) are also characteristic for many other psychedelics e.g.
(Adams and Geyer 1982; Geyer et al. 1979; Krebs-Thomson
et al. 1998; Krebs-Thomson and Geyer 1996; Palenicek et al.
2006; Palenicek et al. 2010; Sykes 1986) but not for entac-
togen MDMA or amphetamine, which have an inverted U
shape dose response curve (Hegadoren et al. 1995; Palenicek
et al. 2005; Palenicek et al. 2007; Spanos and Yamamoto
1989). The less pronounced increase in locomotion induced
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Fig. 8 EEG coherence for 2C-B 50 mg/kg treated animals (n=8) 15-25
(a) and 55-65 min (b) after the administration—comparison to baseline
record. At 15-25 min after administration, 2C-B 50 mg/kg mainly induced
a decrease in inter-hemipsheric coherence in the delta, theta, alpha and beta
bands; on the contrary, in high beta and gamma bands, an increase in
fronto-temporal and fronto-parietal coherence was observed. At 55-65 min
after administration, these changes showed a similar trend; however, they

by 2C-B 50 mg/kg with increased time spent in the centre of
the arena can be attributed to an occurrence of stereotyped
behavior which is a behavioral pattern characteristic for psy-
chedelics, entactogens as well as stimulants e.g. (Gentry et al.
2004; Gold et al. 1989; Palenicek et al. 2011a; Paulus and
Geyer 1992). Increased time in the centre can also reflect
either the inhibitory locomotor action of 2C-B or decreased
anxiety of animals (Bourin et al. 2007; Palenicek et al. 2008;
Sykes 1986).

The disruption of PPI reflects alterations in informational
processing (Swerdlow et al. 2000). Hallucinogenic, entacto-
genic and stimulant drugs which induce an inadequate sen-
sory filtering by manipulations with serotonin and dopamine
systems typically induce such a deficit (Brunell and Spear
2006; Bubenikova et al. 2005; Geyer 1998; Palenicek et al.
2008; Palenicek et al. 2010; Swerdlow et al. 2003). There-
fore, it is not surprising that PPI was significantly disrupted
in our experiments. Nevertheless, mainly during the onset of
its action, the 2C-B-induced PPI changes were also accom-
panied by decreased startle response per se. Other psyche-
delics, MDMA or amphetamine show inconsistent effects
on ASR e.g. (Brunell and Spear 2006; Bubenikova et al.
2005; Davis 1987; Davis and Walters 1977; Palenicek et al.
2008; Palenicek et al. 2010; Swerdlow et al. 2003; Varty et

were not so prominent. In addition, increases were also observed in slower
parts of the spectrum. (The red color indicates an increase of coherence,
blue color indicates a decrease of coherence. Statistical significance of the
changes found (paired ¢ test) is expressed by the thickness of the line as
displayed at the bottom of the image. If a yellow line is shown, then the data
also survived FWE correction)

al. 2001) making comparisons difficult. It can reflect de-
creased anxiety of animals (Bourin et al. 2007) which is in
line with the observation of increased time in the centre in
the open field test. Another support for this hypothesis is
given by our recent results where 2C-B, similar to MDMA,
decreased anxiety in a test of ultrasonic vocalization (Kube-
sova et al. 2011) and that its amphetamine congener 4-iodo-
2,5-dimethoxyiodoamphetamine (DOI) showed anxiolytic
properties in various tests for anxiety (Masse et al. 2007a;
Masse et al. 2007b). Since 2C-B in humans is reported to
induce euphoria, a mechanism called pleasure attenuation of
ASR (Koch 1999; Koch and Schnitzler 1997) as well as
altered motor coordination or ataxia may also theoretically
contribute partly to this (Swerdlow et al. 2000; Wecker and
Ison 1986). However, a major effect of the latter mentioned
can be excluded since 2C-B decreased startle also at 60 min
after administration where the drug had minimal or slight
hyperlocomotor effects.

It is of note that attenuated startle reaction can also interfere
with the PPI itself. The main confounding factor would be
“floor effects” of the drug (Swerdlow et al. 2000), represent-
ing the failure of decreasing startle which is of very low
magnitude. Yet according to the average baseline startle am-
plitude on “no-stimulus” which was below 5 manufacturer’s
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Fig. 9 EEG coherence for amphetamine 4 mg/kg treated animals (n=10)
10-20 (a) and 25-35 min (b) after the administration—comparison to
baseline record. Amphetamine induced robust increases in coherence in
the theta and alpha bands; during the onset of'its action, the increases were
obvious also in the beta, high beta and partly in the gamma bands. On the
contrary, at 25-35 min after administration, a decrease in coherence in the
beta and high beta bands was dominant. At both intervals, a slight

arbitrary units (data not shown) this can be excluded since
even ASR was decreased (between 35-72 manufacturer’s
arbitrary units) it could still be sufficiently inhibited by pre-
pulse. Moreover, the number of animals did not differ between
2C-B treated animals and controls (on average less than 20 %,
which is typical in rats). Finally, the measurement at 60 min
after administration yielded smaller changes in the ASR while
the deficits in the PPI persisted.

Microdialysis experiments

2C-B 25 mg/kg increased the release of dopamine (DA) in
both main compartments of NAc indicating it is involved in
the observed locomotor changes, sensorimotor gating deficits
as well as in its psychotomimetic and addictive potential.
Since there was a drop in DOPAC levels, it clearly shows that
the drug has inhibitory effects on monoamine oxidase (MAO).
On the contrary, 3-MT was increased indicating that catechol-
O-methyl transferase (COMT) remained unaffected. Howev-
er, it is not clear how the final product HVA, which was
increased, was produced. 3-MT can be converted to HVA;
however again MAO is necessary (Youdim and Riederer
2004). There are two main forms of MAO, MAO A and B,
which have different roles in different parts of the brain in the

decrease in coherence in the delta band was also present. (The red color
indicates an increase of coherence, blue color indicates a decrease of
coherence. Statistical significance of the changes found (paired ¢ test) is
expressed by the thickness of the line as displayed at the bottom of the
image. If a yellow line is shown, then the data also survived FWE
correction)

deactivation of dopamine (Jahng et al. 1997). Probably the
different local involvement of these two forms of MAO in DA
metabolism and the selective effects of 2C-B on only one type
of MAO can underlie these changes (Kalgutkar et al. 2001).
Further experiments will be needed to explain this discrepan-
cy. The increase in DA can also be related to the effects on the
dopamine transporter, which is also possible due to the struc-
tural similarity of the drug with dopamine releasing agents
such as amphetamine. Again, further experiments will be
needed.

EEG findings

We did not observe any specific changes in the EEG in
controls during the first 30 min after the vehicle administra-
tion. However, 1 h after the administration of the vehicle a
decrease in the power in the high beta and gamma bands, an
increase in delta power and a decrease in coherence in the
alpha—high beta bands were observed. We suggest the
sleep—wake cycle could contribute to these changes since
comparable observations in rats and mice were described
during the slow wave sleep stages (Maloney et al. 1997;
Vyazovskiy et al. 2004). On the contrary to amphetamine or
2C-B treated animals, control animals had to be handled
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Fig. 10 EEG coherence for vehicle treated animals (controls, n=9)
15-25 (a), 25-35 (b) and 55-65 min (c¢) after the administration—
comparison to baseline record. Only minor changes were observed in
control animals during the first 30 min. These were a slight increase in
coherence in the delta band and a slight decrease in the high beta and
gamma bands. At 55-60 min after administration, there was mainly a

during these later phases of recording to prevent sleep. The
second variable which might contribute to the observed
effects is a fact that control animals in our experiments were
exposed to a mild sleep deprivation by handling. This could
also result in (artificial) spectral and coherence changes
(Everson et al. 1989a; Everson et al. 1989b; Rechtschaffen
et al. 1999).

2C-B decreased EEG power in higher frequency bands
except 2C-B 50 mg/kg treatment 1 h after administration
which induced an increase of theta power. Similar power
increase within theta and alpha bands was induced by am-
phetamine. This theta/alpha peak most likely reflects the
locomotor activity of animals as was already shown for
amphetamine (Young 1988) and congruently might reflect
increased wakefulness (Ambrosini et al. 1994). It is also
supported by our more recent findings (behavioral activity,

decrease in coherence in the alpha, beta and high beta bands. (The red
color indicates an increase of coherence, blue color indicates a de-
crease of coherence. Statistical significance of the changes found
(paired ¢ test) is expressed by the thickness of the line as displayed at
the bottom of the image. If a yellow line is shown, then the data also
survived FWE correction)

moving, eating, grooming etc. was associated with clear 7—
8 Hz peak (Palenicek et al. 2011c; Palenicek et al. 2011d))
and is also congruent with others (Maloney et al. 1997;
Vyazovskiy et al. 2006; Vyazovskiy et al. 2007). Since at
the same time there was a peak in the DA release in the
NAc, we suggest it is an underlying neurobiological sub-
strate of these changes. Some similarities can also be found
in other studies with phenylalkylamine psychedelics and
LSD in rats where an increase in the frontal alphal (7—
9.5 Hz) EEG power was described (Dimpfel et al. 1988;
Dimpfel et al. 1989). Interestingly, the increase was not
present during the onset of action of these drugs but at later
stages where other authors have described an increase in
behavioral activities induced by these compounds (Geyer et
al. 1979; Marona-Lewicka et al. 2005). MDMA used in the
above mentioned study (Dimpfel et al. 1989) also induced
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an increase in the alpha at 2.4 mg/kg (this dose produces
hyperlocomotion (Palenicek et al. 2005)) but not with lower
doses, again indicating a resemblance of these effects. On
the contrary to the theta/alpha peak, the observed general
power decrease after 2C-B was also observed with other
psychedelics (LSD, mescaline, psilocin and DOB) in our
recent experiments (Fujakova et al. 2011; Tyls et al. 2011)
and power decreases in all other frequency bands were also
seen in the mentioned studies with psychedelics as well as
entactogens N-methyl-1-(1,3-benzodioxol-5-yl)-2-butan-
amine (MBDB) and MDMA (Dimpfel et al. 1988; Dimpfel
et al. 1989). Since the behavioral activity of animals was
inhibited along with the EEG power decreases, these find-
ings might reflect common serotonergic mechanisms with
psychedelic drugs, e.g. stimulation of 5-HT2A/C receptors.

2C-B also induced several changes in brain functional
connectivity and again as with behavioral experiments these
were dose and time specific. The main observation was a
consistent disconnection with 2C-B 10 mg/kg contrary to
2C-B 50 mg/kg where an increase in connectivity in higher
parts of the spectrum was observed.

It is difficult to compare our results to other authors since
there is a substantial lack of such experiments throughout
the literature. In our previous study, we have found an
overall increase in coherence after ketamine administration
which was present along with increased locomotor activity
(Palenicek et al. 2011b). Congruently, an increase in coher-
ence associated with behavioral activity was observed in our
recent studies (Palenicek et al. 2011c; Palenicek et al.
2011d) and by Maloney et al. 1997. Therefore the increase
of coherence in 2C-B 50 mg/kg and also in amphetamine
treated animals might again reflect their hyperlocomotor
effects and might be related to dopamine increase in NAc.
On the contrary the decreases of coherence that were
present mainly with the 2C-B 10 mg/kg are in line with
our recent findings in other serotonergic hallucinogens
(psilocin, mescaline, DOB and LSD; Fujakova et al.
2011; Tyls et al. 2011).

According to Lisman and Buzsaki 2008, synchronous
gamma and theta oscillations are related to cognitive func-
tions and processing of spatial representations. Thus, the
disturbances of these oscillations observed in our spectral
and coherence analysis might reflect the disturbed informa-
tional processing including the appropriate acquisition and
processing of spatial representations. We might then associ-
ate it to the observed behavioral changes (altered locomo-
tion, stereotypy or disrupted PPI) and hypothesize it reflects
the psychedelic potential of 2C-B.

Underlying neurobiological substrates

Underlying neurochemical substrates, which contribute to
the observed behavioral changes, most likely involve

stimulation of serotonergic as well as dopaminergic systems.
The most probable explanation of time and dose dependent
biphasic effects is related to pharmacodynamics. We pro-
pose that while dopamine increases 1 h after the adminis-
tration of 2C-B, the initial effects of the drug are more
related to its direct action at serotonin receptors (Moya et
al. 2007), while in later stages especially for high doses of
the drug, dopamine plays an important role. A support for
this statement is found in studies with LSD, where the initial
effects of the drug correspond to its agonist effects on
serotonin 5-HT2A/C receptors, while latter effects can be
attributed to its affinity at dopaminergic receptors (Marona-
Lewicka et al. 2005; Marona-Lewicka and Nichols 2007).
The other possible explanation is that a sequestration of the
parent drug into various compartments (2C-B has been
shown to accumulate in the lungs) with subsequent contin-
uous release may lead to gradual penetration to the brain
(Rohanova et al. 2008)) and thus might be relevant for delaying
some behavioral effects of the drug. A similar pattern of accu-
mulation in the lungs has been reported for its amphetamine
analog DOB (Berankova et al. 2007) and another congener
para-methoxymethamphetamine (PMMA) (Palenicek et al.
2011a; Rohanova and Balikova 2009). Finally, the drug can
be metabolized to an active metabolite which might have a
different pharmacological action as has been described e.g. for
MDMA (metabolized to 3,4-methylendioxyamphetamine;
MDA) (Segura et al. 2001) or PMMA (metabolized to para-
methoxyamphetamine (PMA)) (Rohanova and Balikova
2009). However to-date no metabolite of 2C-B has been
investigated as being possibly active (Carmo et al. 2004; Carmo
et al. 2005; Kanamori et al. 2005; Rohanova et al. 2008).

The NAc increase in DA levels can be definitely posi-
tively linked to the hyperlocomotor effects of the drug and it
can also contribute to the disruption of sensorimotor gating
(NAc core) (Geyer et al. 2001). Furthermore, it can contrib-
ute to the theoretical addictive potential of this substance
(Lingford-Hughes and Nutt 2003; Roberts and Koob 1997)
and to its potential to induce psychotic symptoms (NAc
shell) (Breier et al. 1998; Vollenweider et al. 1999).

Conclusion

2C-B is a potent centrally active compound which induces
behavioral, neurochemical and electrophysiological changes
comparable to other psychedelics as well as to entactogens
and stimulants. The drug has time and dose dependent
biphasic effects of action which are presumably linked to
time differences in the involvement of serotonin and dopa-
mine systems. The effects of 2C-B on DA levels and turnover
in the NAc suggest it presumably inhibits MAO and may be
related to its addictive and psychotomimetic potential. The
EEG findings showed robust effects on functional connectiv-
ity in the brain which might correlate to altered sensorimotor
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processing and its psychedelic potential. A temporal
correlation of 2C-B’s effects on locomotion and correlation
between EEG changes and locomotor behavior are emerging.
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