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Psilocin and ketamine microdosing: effects of subchronic
intermittent microdoses in the elevated plus-maze in male
Wistar rats
Rachel R. Horsley", Tomas Palenlcek=", Jan Kolin":" and Karel Vales":"

Short-term moderate doses of serotonergic and
dissociative hallucinogens can be useful in the treatment of
anxiety, Recently, a trend has developed for 19n9-term
intermittent 'microdosing' (usually one-tenth of a 'full' active
dose), with reports of long-lasting relief from anxiety and
related disorders; however, there is no scientific evidence
for the efficacy of therapeutic lTIicrodo~ing nor to show its
la~ting effects. The obiective of this study was to test for
la~ting effects on anxiety in rats after lTIicrodosing with
ketamine or psiloeln, Over 6 days, Wistar rats (N = 40) were
admmistered ketarnine (Q.5or 3 mg/kg), psilocin (0.05 or
0.075 mg/kg), or saline on three occasions. A 5-min
elevated plus-maze test WaSconducted 48 h after the final
drug treatment (n = 8). Dependent variables were entries
(frequency), spent time (%), and distance traveled (ern) in
each zone, a~ well as total frequencY of rears, stretch-attend
postures, and head clips. Statistical analyses of drug effects
usee:!separete independent one-way analysis of variance
and Pair-wise c:olTIParisons u~ing independent Nest~.
Statistical effects were modest or borderline and were most
consistent with a mildly amc:ioge!lic profile, which was
significant at lower doses; however, this conclusion remains

Introduction
Ketamine (a dissociative anesthetic with psychedelic effects
at subanaesthetic doses) is primarily a noncompetitive
N-methyl n-asparrare (NMDA) receptor antagonist; how-
ever, it has also substantial affinity for the serotonin
[5-hydroxyt:ryptamine (5-HT)] transporter (SERT) as well
as additional effects on dopamine (DA) and opioid neuro-
transmission (White and Ryan, 1996; Vollenweider, 2001;
Mion and Villevieille 2013). Psilocin and its phosphorylated
ester psilocybin (which is contained in psychedelic 'magic'
mushrooms; Hasler et al., 1997; Passie et al., 2002; Tyls et al.,
2014) act as competitive agonists at 5-HT receptors,
particularly 5-HTjA and 5-HTztVC (Nichols, 2004), which
are widely distributed in the neocortex, basal ganglia,
limbic system, hipP9CaJTIPUS,and in the case of 5-HT1A, in
raphe nuclei (Barnes and Sharp, 1999; also see TylS et al.;
2014). Actions at Dt\ D2 receptors have also been
implicated; for example, in humans, psilocybin and
ketamine both resulted in increased extracellular OA
concentrations in the ventral striatum which correlated
with depersonalization (Vollenweider et al., 1999, 2000),
however, DA-ergic mechanisms are debated (Vollenweider,
2001; Ray, 2010).

tentative. The lower doses of ketamine and psilocin
produced comparable effects (to one another) across each
variable, as did the higher doses. This pattern of effects may
suggest a common (e.g. neurotransmitter/reeeptor)
mechanism. We conclude that microdosing with
hallucinogens for therapeutic purposes might be counter-
productive; however, more research is needed to confirm
our findings and to establish their translational relevance to
clinical 'psychedelic' therapy. Behavioural Pharmacology
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Although psychedelic hallucinogens and dissociative
anaesthetics possess distinct pharmacological properties,
it has been argued that they exert some of their psy-
chomimetic effects [e.g. disruption of prepulse inhibition
(PPI)] through a common pathway. Vollenweider (;~001)
proposed distributed corrico-srriaro-thalamic 5-JiT 2A

receptors as a central substrate of psychornirnesis,
although he also points out that psychedelic dissociative
anaesthetics and 5-HT-ergic hallucinogens operate by
gluramarergic non-NMDA receptors in frontocortical
systems (Moghaddam and Adams, 1998; Aghajanian and
Marek, 2000). Consistent with a shared mechanism,
moderate doses of ketamine and psilocybin/psilocin exert
similar psychomimeric behavioral effects in rodent
models of psychosis Such as impairment of sensory-motor
gating in. PPI (Swerdlow and Geyer, 1998; Geyer and
Swerdlow, 1999; Geyer et al., 2001; Geyer and
Vollenweider, 2008; Palentcek et al., 2011; Tyls et al.,

2016). In likewise, in humans, these drugs can result in
acute psychomimetic responses that are reminiscent of
psychosis with symptoms including hallucinations,
thought disturbances, and cognitive disorganization
(Adams and Werner 1997; TylS et 41., 2016) as well as
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anxiety and panic attacks (Bluelight, 2017; Shroornery,
2017). In consequence, research for many decades has
oriented to psychedelic hallucinogens and dissociative
anaesthetics as deleterious to mental health.

More contemporary research has suggested that psilocy-
bin and ketamine can have therapeutic properties when
administered at moderate psychomimetic doses (Moreno
et al., 2006; Grob et 01., 2011; Bogenschutz and Pommy,
2012; Ibrahim et a/., 2012; Zarate et 01., 2012; Irwin et a/.,
2013; Parise et al., 2013; Stebelska, 2013; dos Santos,
2014), Lapidus et (I/. (2014) showed that two daily doses
of intranasal ketamine (50 mg) hac! antidepressant prop-
erties, while producing minimal subjective psychedelic
effects. The lack of such effects is somewhat surprising,
as for insufflation, 50 mg is considered a 'common' or
medium dose, with 6Qmg and more considered 'strong'
(Erowid, 2017, but also see howrousepsychedelics.org,
2017). Related to this, a recent trend has been develop-
ing for what has become known as 'rnicrodosing' with
drugs such as psilocybin, lysergic acid, kcraminc, and
methoxetamine (Erowid, 2017; Reddit, 2017; The Third
Wave, 2017), This involves self-administering 'micro-
doses' (approximately one-tenth of a full dose, as defined
by Fadirnan, 2011) on an intermittent regime, which can
vary from once or twice per week or month (but not
exceeding alternate days). Fadiman (2011) recommends
dosing every third day. With sublingual ketamine, it is
recommended that users should titrate up (as required)
from starting doses 'far below' 50 mg (~0.75 mglkg), with
effectiveness probable at doses below 0.3 mgfkg, and for
oral keramine, doses are closer to 50--100 mg (howtou
sepsychedelics.org, 2017, also see Reddit, 2017). With
psilocybin magic mushrooms, the regime is the same, but
the recommended oral dose is 0.2-0.5 g (howrou
.sepsychedelics.org, 2017; The Third Wave, 2017). The
doses are specifically intended to be 'sub-perceptual',
that is, without noticeable psychedelic effects, and users
claim rapid (from 2 h) relief from anxiety and depression
that can last for several days, even weeks or months
(howtousepsychcdclics.org, 2017; The Third Wave,
2017), As well as apparently treating psychological ill-
health, it has become very fashionable to use microdosing
to enhance creariviry, spirituality, and social relationships
(The Third Wave, 2017).

Currently, evidence for therapeutic microdosing is purely
anecdotal (reported on drug discussion fora and blogs
online, and in Fadimari's, 2011 book). To date, there is
no published scientific research (in humans or rodents)
that examines effects of microdosing with seroronergic or
dissociative psychedelics or any attempt to establish a
preclinical n~odel of rnicrodosing, Such a model would
result in possibilities for rnicrodosing drug testing and
development, as well as for understanding the neural
mechanisms that may be involved. Un surprisingly,
the commercialisation of microdosing has already
begun, with 'kits' and accessories available to purchase
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(MicroKits: https:llmicrokits.co.uklcollectionslall). In the
absence of any evidence that microdosing is effective,
consumers may be wasting their money, and although
adverse effects seem unlikely, they have not yet been
discounted.

The present study aimed to test, in rats, the hypothesis
that subchronic, intermittent microdoses of subcutaneous
ketamine (0.5 and 3 mg/kg) and psilocin (0.05 and
0.075 mg/kg) would result in anxiolytic/genic effects
(compared with saline) when tested 'drug-free' on the
elevated plus-maze (EPM), which is a widely used pre-
clinical pharmacological screen for anxiolytic drugs.

Methods
D~sign
The kerarnine and psilocin data were analyzed separately.
In each case, an experimental design was used with drug
(low, high, or saline) as a between-subjects factor, The
dependent variables were as follows: [Oralann entries and
total distance traveled (em) within the maze; frequency of
entries and time (%) spent within each zone (central square,
open arms, and closed arms); and the distance traveled (em)
per visit to open and closed arms. Arm entries were counted
when the center of the body crossed into the zone. Scores
for (open/closed) arm time on the maze were calculated as
percentages of total time spent in the arms, whereas scores
for time in the central square were expressed as a percen-
tage of [Oraltime in the maze. Frequency of rears, stretch-
attend postures, and head dips were also recorded. Rears
were defined as a vertical upward stretching motion, with
front limbs off the floor, placed on the EPi\J walls for
support (no unsupported rears were observed); stretch-
attend postures were counted as horizontal, scanning,
flat-backed postures; and head dips were defined as the
lowering of the rat's snout until level with, or below the
platform (Rodgers and Johnson, 1995; Horsley et aI., 2007).

Subjects
Forty (11=8) narve male Wistar rats (Charles Rivers,
Harlow, UK) were caged in groups of four on a 12: 12 h
light/dark cycle with water and standard laboratory diet
available ad libitum in the home cage. All dosing and
testing occurred during the light phase (between 12.00 and
16.00 h). Rats weighed between 292 and 447 g at the time
of EPM testing. The data for both drugs were collected
concurrently, and so (to minimize animal use) the same
saline control animals were used in both analyses.
Guidelines of the European Union (86/609/EU) and the
National Committee for the Care and Use of Laboratory
Animals (Czech Republic) were adhered to, and the
research received ethical approval (Reference: MEYSCR-
27527/2012-31).

AppC!ratus
The EPM was of standard size and was made of Perspex
with black platform inserts (for contrast with albino rats).
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It comprised two opposing open arms (10 cm wide, 50 cm
in length, without Ups) and two opposing closed arms of
the same dimensions but enclosed on three sides by
40 em high walls. The four arms formed a plus (+) shape,
with a 10 C!:n2 square central hub. The maze platforms
were elevated to a height of 50 em from the base.
Behaviors on the maze were recorded (using a Logitech
HD Pro cnu web-camera, Logitech International,
Lausanne, Switzerland). Behavioral capmre and pre-
processing used the video-tracking software, Viewer 3
(Biobserve GmBh, Bonn, Germany).

Procedure
The EPM is sensitive to changes in anxiety (open arm
behaviors), and locomotion (dosed ann entries) (File,
1992; Pellow et al., 1985; Pellow and File, 1986), as well as
changes in exploratory activity, for example, central square
behaviors (Cruz et al., 1994; Rodgers and Johnson, 1995).
Behavioral procedures were based on the study by File
es (11. (2000) and Horsley et al. (2007) and were as follows:
after 1h habituation adjacent to the testing room, rats were
taken individually to the testing room, which was dimly lit.
The rat was placed on the central square of the maze,
facing an open arm (open aim direction alternated
between rats) and 'was allowed to move freely about the
maze for 5 min (in the absence of the experimenter), and
their behavior was video recorded. Between rats, the maze
was wiped dean with tap water. Drug testing order was
counterbalanced to distribute the different doses and drug
treatments throughout the testing; session.

Drllgs and doses
Commercially available racemic ketamine solution
(Narketan 100 mg/ml; Vetoquinol, s.r.o., Nyrnburk,
Czech Republic) was diluted in physiological saline to a
volume of 0.5 or 3 mglml for subcutaneous injection at
0.5 or 3 mg/kg in a volume of 1 ml/kg, Psilocin (THC-
Pharm GmBh, Frankfurt, Germany) was first added to
200-]11 physiological saline (0.9% NaC!) and acidified
with 10 III of glacial acetic acid (30%) and shaken vigor-
ously until dissolved, Physiological saline was then added
to dilute to 0.075 or 0.05 mg/ml for subcutaneous injec-
tion at 0.075 or 0.05 mgjkg (again, at a volume of 1 ml/kg).
Enough drug was made for the whole experiment, which
was then stored in the freezer until required. The drug
solutions were protected to minimize exposure to light
and air during storage and use. Physiological saline was
used as a vehicle control and was administered at an
equivalent volume per kg weight. Rats received three
doses of drug or saline (in the home cage between 12.00
and 16.00 h) over 6 days, with the final dose given on day
6,48 h before EPM testing (on day 8).

In the open field, PPI, carrousel maze and Morris water
maze, psilocin is behaviorally effective in the range of
0.25-4 mg/kg (Palenicek et al., 2011; Rambousek (It al,
2014). For our lower dose, we selected Q,05 mg/kg (1 % of

the highest effective dose tested previously), and our
higher dose of 0.075 mg/kg was selected on the basis of
unpublished pilot data and was also within the 1-10%
range that constitutes a 'microdose', Across a variety of
behavioral tasks (open field, PPI, forced swim test, and
the EPM), ketamine is behaviorally effective at 5---50mgjkg.
Our lowest dose, 0.5 mg/kg, is 10% of the lowest and 1% of
the highest behaviorally effective doses reponed for keta-
mine. Three mg/kg (rather than 5 mglkg) was selected as
our higher dose as 10% of 50 mg/kg (an anyway unusually
high dose for behavioral resting) is 5 mg/kg, which con-
stitutes a 'full' behaviorally effective dose.

Statistical analySiS
For each drug, each dependent variable was analyzed
using a separate one-way analysis of variance. The a
criterion for rejection of the null hypothesis was set at P
less than 0.05 (two tailed) unless specifically stated
otherwise. Planned comparisons to explore significant
main effects used independent z-tesrs based on the
individual error terms. Where Levene's test for equality
of variances Was significant, corrected statistics are given
(adjusted degrees of freedom are rounded to the nearest
whole number for presentational purposes).

Results
Ketamil'!e
One animal in the 3-mg/kg ketarnine group was excluded
from all analyses because initial exploration of the data
showed that this animal's behavior was aberrant (>2 SDs
from the mean) on entries, % time, and distance traveled
(ethological behaviors were therefore nor scored for this
animal).

There was a marginally significant effect of drug treat-
ment on frequency of entries into the open arms
[F(2,20)=3.23, P=0.06; Fig. 1aJ, As analysis of variance
can be insensitive with smaller experimental group sizes,
we followed up this marginal effect; z-tests showed that
compared with saline, 0.5 mg/kg significantly reduced the
number of visits (0 the open arms [1(8) = 2.41, P < 0.05],
but 3 mg/kg did not [1(13) = 1.56, NS]. Drug treatment
did not affect total arm entries, nor did it affect the fre-
quency of entries into the closed arms or center zone
[maximum F(2, 20) = 0.84, NS].

Means for % time in maze zones suggested that ketarnine
reduced time in the open arms and center and increased
time in the closed arms compared with saline (Fig. lb);
however, statistically these differences were not sig-
nificant, except for a marginally significant effect on time
in the center [F(2, 20) = 1.96, P= 0.08, one tailed].
Independent z-tests showed that 3 mg/kg marginally
reduced % time in this Zone [1(13)= 1.68, P=0.06, one
tailed], but there was no significant difference between
0.5 mg/kg kctarnine versus saline, or between doses
[maximum 1(9) = 1.13, NSj.
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Data are shown by drug treatment group (a-c: saline, 0.5 mg/kg ketamine, 3 mg/kg ketamine; d-f: saline, 0.05 mg/kg psilocin, 0.075 mg/kg psilocin).
(a,d) Frequency of arm entries for maze zones (open and closed arms, center, and total); (b, e) mean percentage time spent in open and closed arms
and the central square; and (C, f) mean distance traveled per visit to open and closed arms. Error bars show ± 1 SEM. Small asterisks indicate a
significant (one tailed) difference from saline at P< 0.05. Large asterisks indicate significant (two tailed) differences from saline at P< 0.05. Small
hash indicates marginally significant (one tailed) difference from saline. Connecting lines show significant differences between doses, one tailed,
P<0.05.

There was a significant effect of drug treatment on the
mean distance traveled per visit to the open arms
[H2, 20)= 4.00, P= 0.04; Fig. Ic]; z-tests showed that
0.5 mg/kg increased the distance traveled in open arms
[1(14)=3.26, P<O.Ol], but 3rng/kg did not (and there
W4S no difference between doses) [1(13)= 1.11, NSj. By
contrast, drug treatment did not affect the mean distance
traveled per visit to the closed arms [maximum
F(2, 20)=0.15, NS], nor did it affect total distance tra-
veled [F(2, 20)= 0.53, NS (data not shownj].

Analysisof ethologicaldata showed no effect of ketamine on
total frequency of stretch-attend postures or head dips
[maximum F(Z, 20)= 1.34,NS]. There was a marginaleffect
of ketamine on total frequency of rears [F(2, 20)=2.18,
P= 0,07,one tailed], manifested as increased rears at the low
dose [1(13)= 1.87, P <0,05, one tailed]. The high dose was
not significantly different from saline, nor were there

Table 1 Total mean frequencies (and SE in italics) of rears, head
dips, and stretch-attend postures after saline, O.S-mg/kg ketamine,
3-mg/kg ketamine, O.OS-mg/kg psilC)cin, and O.07S-ma/ka psilocin

Ethological behaviors

Drug treatments Rears Head dips Stretch attend

Saline 21.13 (2.81) 11.25 (2.53) 17.00 (1.80)
0.5·mg/kg ketamine 28.00 (2.24)" 13.00 (1.02) 14.71 (173)
3-mg/kg kelamine 26.00 (2.00) 8.63 (2.06) 18.75 (1.62)
0.05-mg/kg psilocin 24.29 (1.57) 9.71 (3.58) 16.71 (1.19)
0.075-mg/kg psilocin 26.25 (2.36) 7.88 (1.22) 17.50 (1.58)

'A significant (one tailed) difference from saline.

differences between doses [maximumt(14)= 1.41,NS]. Se~
Table 1 for descriptive statistics.

Psilocin
Means suggested that psilocin reduced the number of
entries into the open arms; however, the main effect was
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marginal [F(2, 21)=2.02, P=0.07, one tailed; Fig. Id]. As
with ketamine, We followed up the marginal effect with
z-tests, which showed that O.OS-mg/kgpsilocin marginally
reduced open arm entries [/(14)=1,87, P<O.OS, one
tailed], but 0.075 mg/kg did not, nor was the difference
between doses significant [maximum 1(14)= 1.17, NSj.
Drug treatment did not significantly affect total arm
entries, nor entries into the closed arms or central square
[maximum F(2, 21)=0.68, NSj.

There was a significant effect of drug treatment on % time
in open arms and closed arms [minimum F(Z, Zl) = 2.60,
p< 0.05, one railed; Fig. l e]. Independeru z-testsshowed a
reduction in % open arm time, and concomitant increase in
% closed arm time that was significant for the 0.075mg/kg
psilocin dose [minimum 1(14)= 2.15, P < 0.03, one tailed]
and marginalforthe O.OSmglkgdose [maximumt (14)= 1.53,
p= 0.07, one railed].Psilocin affected % time in the central
square [F(Z, 21)= 2.13,P= 0.07,one tailed].We followedup
chismarginaleffect: z-testsshowed that 0.075-mglkgpsilocin
reduced % time in the centralzone [1(14) = 1.89,P <0.04,one
tailed], but 0.05mg/kg did not [1(14)=0.51,NS]. There was
also a significant difference between doses [1(14)= 1.83,
P<O.04, one railed].

Drug treatment did not significantly affect total distance
traveled in the maze [F(2,21)=0.1O, P=0.90 (data not
shownj], nor mean distance traveled per visit to open or
closed arms [maximum F(2, 21)= 1.66, NS; Fig. Ie].
Psilocin had no effect on total frequency of stretch-attend
postures, or on rears [maximum F(2, 20)= 1.25, NS;
Table 1].

Discussion
Our main finding was that subchronic intermittent micro-
dosing with ketaminc and psilocin (particularly at the
lower doses) appeared to produce a mildly anxiogenic
behavioral profile, as shown on the classic EPM criterion:
reduced open arm entries, Although effects were modest,
they are unlikely confounded by nonspecific motor effects
(there was no concomitant increase in closed ann entries),
by an atypical control group, nor by inadequate experi-
mental parameters (saline-treated rats, as expected, spent
- 30% of their ann time in open arms; File et al., 2000).

Ketamine
Evidence that ketamine at 0.5 mg/kg resulted in anxio-
genesis comes from the significant reduction in open ann
entries (in the absence of a reduction in total or closed
arm entries; Pellow et 01., 1985; Pellow and File, 1986;
File, 1992). It is possible char, had the sample size been
larger, the trend in reduced open arm time may also have
reached significance (as it did for psilocin). However,
0.5 mg/kg of keramine also increased the distance; tra-
veled per visit to the open arms, which does not imme-
diately appear to be consistent with anxiogenesis, and
although there was very little evidence that ketamine
affected locomotor measures, there was a marginal

increase in rears after this dose. It has been argued that
effects on DA may underpin the antidepressant effects of
(full doses of) ketamine (Can et al., 2016); therefore,
these findings (increased distance per open arm visit and
increased rears) might also reflect antidepressant action
(perhaps as increased motivation). It seems unlikely co
reflect anxiolysis: first, because open arm distance is not
an accepted measure of this, and second, this dose
reduced open arm entries (which is the only generally
agreed upon measure of anxiety). Moreover, there were
no changes in head-dipping or strerch-artend posture
frequencies that would indicate anxiolysis (or, by
the same token, would strengthen the argument for
anxiogencsis).

There was no clear effect of 3 mg/kg ketamine, with only
a marginal reduction in percentage time in the center
zone, which, although unconvincing in and of itself, does
tend co suggest reduced exploration (if anything), which
is consistent with anxiogenesis. Full doses of ketarnine
have produced inconsistent results in animal tests of
anxiety (including the EPM), with some showing anxio-
genesis (Babar et al., 2001; Becker et al., 2003), some
anxiolysis (Silvestre et 01., 2002), and others null results
(Becker et 01., 2003; Hayase et 01., 2006). Although
methodological differences might account for such
inconsistencies (Engin et 01., 2009), it may also be the
case that some tests of anxiety are not suitable for
detecting effects of ketarninc reliably. Conditioned fear
paradigms seem to produce more consistent effects;
however, it is difficult to eliminate confounding effects
such as learning (Engin et 01., 2009). Taken together, our
findings indicate that ketamine is mildly anxiogenic on
the EPM or that its effects are unclear in this test. We do
not believe we have evidence of anxiolysis, despite an
increase in distance traveled per visit to the open arms.

Psilocin
Psilocin at 0.05 mg/kg resulted in significantly reduced
open arm entries (with no concomitant reduction in
closed arm entries, which would indicate hypolocomo-
cion), which suggests anxiogenesis. In line with this
interpretation, rats also spent marginally less time in the
open arms, However, this dose did not reduce head dips
or stretch-attend postures, which would have further
supported this conclusion. Psilocin at 0.075 mg/kg
decreased time spent in open arms and in the central
square and increased time spent in the closed arms. In
addition, means suggested a trend in the direction of
reduced open ann entries. Although it has been found
previously that psilocin can reduce locomotion in the
open field (TylS et 01., 2016), this was at much higher
doses. It is therefore unlikely that the effect of psilocin
on distribution of time in the different maze zones is
confounded by a locomotor effect (moreover, there was
no effect on rears). Taken together, the findings suggest
that 0.05 mg/kg psilocin produced mild anxiogenesis.



Data for 0.075 mg/kg were also consistent with anxio-
genesis, although nonsignificant on the key measure of
open ann entries. Neither dose showed any evidence of
anxiolysis or locomotor effects. However, it should be
noted that the vehicle control group for psilocin was not
ideal, as the vehicle for drug contained a minute amount
of acid, but the control vehicle did not.

Ketamine and psilocin
Vollenweider (2001) argued that ketamine and psilocin in
humans act by a final common pathway, and each result
in similar pharmacological effects. These are character-
ized by hyperactivation of the prefrontal cortices as well
as striatal, temporo-parietal, and thalamic regions. At
psychedelic doses, both serotonergic hallucinogens and
dissociative anesthetics disrupt PPI in rodents by (direct
or indirect) effects on cortioo-striato-thalamic 5-HT 2A

receptors (Vollenweider, 2001). 5-HTzA receptors there-
fore might underlie the similarity of behavior effects that
we observed here across psilocin and ketamine.

Behavioral effects for both compounds were observed
drug free, 48 h after the final drug administration, when
acute pharmacological effects of the drugs had subsided.
In 'Vistar rats, serum and brain levels of ketamine after
30 mg/kg, intraperitoneallv decrease to almost baseline
within 2 h, with behavioral effects subsiding within
30 min (Palenicek et al. 2011); the elimination half-life (in
Sprague-Dawley rats) for 125 mg/kg inrrapcritoncally
(anesthetic dose administered with 10mg/kg xylazine) is
- 2 h (Veilleux-Lemieux et al. 2013). It would seem
unlikely that biologically active metabolites of keramine
explain behavioral effects, as in rats (after 10mg/kg,
intraperitoneally), levels of hydroxynorketamincs, nor-
ketamine, and dehydronorketamine in brain tissue and
plasma had declined to zero by 480 min (Can et al. 2(16).
Tizabi et a/ (2012) reported clear neuroadaptive changes
(e.g. increased hippocampal NMDNAMPA receptor
density) after 10 low, chronic, daily doses of 0.5 or 2.5 mg/
kg ketamine (although only in female, but not male,
Wisear-Kvoro rats), illustrating a possible mechanism by
which ketamine might exert lasting effects on behavior.

The elimination half-life of psilocin in rats is
117.3±40.3min (Chen et al., 2011); however, the time
scale for the diminution of acute behavioral effects is not
known. Nevertheless, Rambousek et al. (2014) found that
some behavioral effects of psilocin that can persist for
days beyond the acute pharmacological phase (albeit on
conditioned rather than unconditioned avoidance beha-
vior). In the case of psilocybin (in humans), psilocin was
approaching the limit of detection after 24 h; however,
psilocin-a-glucuronide remained theoretically higher at
this time point; therefore, the possibility that behaviorally
active metabolites might still be present after 48 h cannot
be excluded (Hasler et al., 2002). Alternatively, the psy-
chedelic compound, 2,5-dimethoxy-4-iodoamphetamine,
which is also an agonist for 5-HT receptors, including
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5-HTz,\, has been shown to facilitate the rapid formation
and reorganization of synapses (jones et al., 2009). Thus,
although the precise mechanism(s) that might underlie
our findings (or their apparent abiding nature) are as yet
unknown, events involving S-HT synapses (in particular,
involvement of 5-HTzA receptors), which in the case of
ketamine is also likely to involve events involving (or
interaction with) NMDA receptors, would seem likely.

Conc;lusion
Intermittent microdoses of kctarninc or psilocin can
affect anxiety; in humans, this effect seems to be relief
from anxiety, but in a preclinical pharmacological screen,
we observed mild anxiogenesis. Our statistical findings
are modest, although the patterns of means for ketamine
and psilocin were remarkably similar across all of the
dependent variables that were measured, suggesting that
we may have observed a small, but 'psychologically sig-
nificant' effect. Nevertheless, we remain cautious in our
conclusions; our findings are based on a single test, and it
is known that drugs operating by 5-HT-ergic mechan-
isms can produce weak or variable effects in the EPM
(Handley and Mclllane, 1993). It would be useful to
establish effects in other animal models of anxiety, as
well as examine effects in models of depression.

Empirical work with ketamine and psilocybin/psilocin
can be complicated by the obvious psychoactive effects
in humans that damage 'double-blinding' in clinical trials,
and confounded by nonspecific motor effects in animal
studies (Engin et al., 2009). Our intermittent microdosing
paradigm limits psychomimeric and motor effects in
preclinical studies (as very low doses are used) and fur-
ther reduces their effects by screening for effects drug
free. Further work should establish the most suitable
preclinical screen for psychedelic microdoses, seek to
confirm present findings, and determine any neu-
ropsychological mcchanismis) responsible. Given thc
apparent 'rrendiness' of self-medication by rnicrodosing,
it is especially crucial that more scientific knowledge is
acquired to provide harm reduction and general guidance
to those who choose to self-medicate, as well as to inform
theory and clinical practice.

Acknowledgements
This research is the result of work funded by the project
Nr. L01611 with financial support from the MEYS CR
under the NPU I program.

Conflicts of interest
There are no conflicts of interest.

References
Adams HA, Werner C (1997). From the racemate to the eutomer: (S)-ketamine.

Renaissance ef a substance? AnaeslhelisI46:1026-1042.
Aghajanian GK, Marek GJ (2000). Serotonin model of schizophrenia: emerging

role of glutamate mechanisms. Brain Res Rev 31 :302-312.
Babar E, Ozgunen T, Melik E, Polal S, Akman H (2001). Effects of ketamine on

different types of anxiety. Eur J Pharmaco/431 :315-320.



536 Behavioural Pharmacoloqy 2018, Vol 29 No 6

Barnes NM, Sharp T (1999). A review of central 5-HT receptors and their func-
ticn. Neuropharmacal 3~:1 083-11 q2.

Becker A, Peters 13, Schroeder H, Mann T, Huether G, Grecksch G (2003)_
Ketarnine-induced changes in rat behaviour: a possible animal model of
schizophrenia. Prag Neoroosycbophermecot Bio! PsyC;hiatry27:1l87-700.

Bluelighl (2017). Ketarnine-question-panic-attacks, Available at: http://www.blue
light.prg/vb!thr"ads!457045-K"tamine-question-panic-attacks. [Accessed 22
February 2017].

Bogenschutz MP, Pommy JM (2012). Therapeutic mechanisms of classic hallu-
cinogens in the treatment of addictions: From indirect evidence to testable
hypotheses, Drug Test Anal 4:543-555.

Can A. Zanos P, Moaddel R, Kang Hl, Dossou KS, Wainer IW, et al. (2016).
Effects of ketamine and kelamine metabolites on evoked striatal dopamine
release, dopamine receptors, and monoamine transporters, J Pharmacol Exp
Ther 359:159-1 70.

Chen J, Li M, Yan X, Wu E, Zhu H, Lee KJ, et al. (2011). Determining the phar-
macokinetics of psilocin in rat plasma using ultra-perforrpance liquid chroma-
tqgraphy coupled with a photodiode array detector after orally administering an
extract of Gyrnnopilus spec;tabilis.J Chrome S 879:26139-2672.

Cruz AMP, Frei F, Graeff FG (1994). Ethepharmacoloqical analysis of rat beha-
viour on the elevated plus-maze. Phermecol Biochem Sehav49:171-176.

dos Santos RG (2014). Potential therapeutic effects of psilocybin/psilocin are
rninirnized while possible adverse reactions are overrated. Ther Drug
Monitoring 36:131-132.

Engin E, Treit D, Dickson CT (2009). Anxiqlytic and antidepressant-like properties
of ketamine in behavioural and neurophysiological animal models. Neurosci
161 :359-36!J.

Erowid (2017). Ketamine dosage. Available at: https:!/erowid.arglchemica/s/
ketamine/kfltamine_dase.si1tml. [Accessed 2 December 2017].

Fadiman J (2011). The psychedelic explorer's guide: sale, therapeutic, and sacred
jaumeys. Maine: Flink street Press.

File $E (1992). Behavioural detection of anxiolytic action. In: Elliott JM, Heal OJ,
Marsden CA, editors. Experimental approaches to anxiety and depression.
Chichester: Wiley. pp. 73-85.

File SE, Lippa AS, Beer B, Lippa MT (2000). Animal tests of anxiety. Curr Ptotoc
Neurosci 10:1-19.

Geyer MA, Swerdlow DL, (lB9l'l). Multiple transmitters modulate prepulse inhibi-
tion of startle: relevance to schizophrenia In: Palomo T, Beninger RJ,
Archer T, editors. lnterective monoaminergic disorders. Madrid: Fundacion
Cerebro y Mente. pp. 343-354.

Geyer MA, Vollenl!/eider FX (~008). Serotonin research. contributions to under-
standing psychosis. Trends Pharmacal Sci 29:445-453.

Geyer MA, Krebs-Thomson K, Braff DL, Swerdlow NR (2001l. Pharmacological
studies of prepulse inhibition models of sensorimotor gating deficits in schi-
zophrenia: a decade in review. Psychopharmaco/156·117-154.

Grob CS, Danforth AL, Chopra' GS, Hagerty M, McKay CR, Halberstadt AL,
Greer G (2011). Pilot study of psilocybin treatment for anxiety in patients with
advanced-stage cancer. Arch Gen Psychiatry 68:71-78.

Handley SL, McBlanll JW (1993). 5HT drugs in animal models of anxiety.
PsychpPharmaco/l1:Z:13-20.

Hasler F, Bourquin D, Brenneisen R, Bar T, VoHenweider FX (1)197). Determination
01 psilocin and 4-hydrQxyindole-3-acetic acid in plasma by HPLC-EC;D and
pharrnacekinetic profiles of oral and intravenous psilocybin in man. Pherm Acta
Helv 72:175-184.

Hasler F, Bourquin p, Brenneisen R, Vollenweider FX, (2002). Renal excretion
profiles 01 psilocin following oral administration of psilocybin: a conlrolled
sludy in man. j Rharm Bioflled AnaI30:331-33Q.

Hayase T, Yamamoto Y, Yamamoto K (2006). Behavioral effects of ketamine and
toxic interactions with psychostimulants. BMC Neurosci 7:25.

Horsley RR, Norman C, Cassaday HJ (2007). Lesions of the nucleus accumbens
shell can reduce activity in the elevated plus-maze. Prog Neuro-
Psychopharmac.ol Sial Psychiatry 31 :906-914.

howtousepsychedelics.orq, (2017). HoW to take ketamine to treat depression,
anxiety and PTSD. Available at: http://howtousepsychedelics.org/ketaminel.
[Accessed 27 April 2017].

Ibrahim L, Diazgranados N, Franco-Chaves J, Brutsche N, Henter ID, Kronstein P,
et ai, (2012). Course of improvement in depressive syrnptoms to a single intra-
venous infusion of ketamine vs, add-on riluzole: results from a 4-week, double-
blind, placebo-controlled study. Neuropsychopharmacol 37:1526-1533.

Irwin SA, Alglewic;z A, Nelesen RA, Lo JY, Carr CH, Romero so, Lloyd LS (2013).
Daily oral ketamine for Ihe Ireatment of depression and anxiety in patients
receiving hospice care: a 28-day open-label proof-of-concept trial, J Palliative
Med 16:958-965.

Jones KA, Srivastava DP, Allen JA, Strachan RT, Roth BL, Penzes P (2009). Rapid
modulation of spine morplWlpgy by the 5-HT2A serotonin receptor through
kalirin-7 signaling. J Pharmacal &p Ther 106:19575-19580.

Lapidus KAB, Levitch CF, Perez AM, Brallier JW, Parides MK, Soleimani L, et al.
(2014). A randomized controlled trial of intranasal ketamine in major
depressive disorder. Siol Psychiatry 76:970-976.

Mion G, VilievieiHe T (2013). Ketamine pharmacology: an update (pharmacodyramics
and molecular aspects recent findings). CNS 'Nevrpsci Ther HI:370-380.

M09haddam B, Adams F!,W (1998). Reversal of phencyclidine effects by a grgup
II metabotropic glutamate receptor agonist in rats. Science 281 :1349-1352.

Moreno FA, Wieg"nd CB, Taitano EK, Delgado PL (2006). Safely, tolerability, and
efficacy of psilocybin in 9 patients with obsessive-compulsive disorder. J Clin
Psychiatry 67:1735-1740.

Nichols DE (2004). Hallucinogens. Pharmacal Ther 101:131-181.
Paleni~ek T, Fujakova M, Brunovsky M, Balikova M, Horacek J, Gorman I, et al.

(2011). Electroencephalographic spectral and coherence analysis of keta-
mine in rats: correlation with behavioral effects and pharmacokinetics,
Neuropsychobio/63:202-218.

Parise EM, Alcantara LF, Warren BL, Wright KN, Hadad R. Sial OK, et al. (2013).
Repeated kelamine exposure induces an enduring resilient phenotype in
adolescent and adult rats. Sial Psychiatry 74:750-759.

Passie T, Seifert J, Schneider l.}, Emrich HM (2002). The pharmacology 01 psi-
locybin. Addiction Bioi 7:357-364.

Pellow S, File SE (1986). Anxiolytic and anxiogenic drug effects on exploratory
activity in an elevated plus-maze: a novel test of anxiety in the rat. Pharmacal
Biochem Behev 24:525-529.

Pellow S, Chopin P, File SE, Briley M (1985). Validation of open: closed arm
entries into an elevated plus-maze as a measure of anxiety in the rat.
J Neurosci Methods 14:149-167,

Rambousek L, Palenioek T, Vales K, Stuchlik A (2014). The Effect of Psilocin on
Memory Acquisition, Retrieval, and Consolidation in the Rat. Frontiers in.
Behev Neurosci 8:180.

Reddit (2017). Microdosing ketamine or methoxetamine? Available at: https:!!
www.reddit.cemlr!microdosinglcomments!2d9sw6/microdosing.J<etamine_
orjnethoxeteminet. [Accessed 2 December 2017].

Ray TS (201 OJ. Correction: psychedelics and the human receptorome, Plos One
&lQ .

Rodgers RJ, Johnson NJT (1995). Factor analysis 01 spatio-ternporal and etho-
Iqgical measures in the murine elevated plus-maze test 01 anxiety. Pharmacal
Biochem Behav 52:297-303.

Shroomery (2017). Long term anxiety caused by mushrooms. Available at: https:/!
www,shroomery.org!forums/showflat.php/Number!15174764. [Accessed 27
April ;1017].

Silvestre JS, Pallares M, Nadal R, Ferre N (2002). Opposite effects of ethanol and
ketamine in the elevated plus-maze test in Wistar rals undergoing a chronic
oral voluntary consumption procedure. J PsychopharmacoI16:305-312.

Swerdlow NR, Geyer MA (1998). Using an animal model of deficient sensor-
imotor gating to study the pathophysiology and new treatments of schizo-
phrenia. Schizophr SI./I! 24:285-301.

Stebelska K (2013>'. Fungal hallucinpgens psilocin, ibotenic acid, and muscimol:
analytical methods and biologic activities. Ther Drug Manit 35:420-442.

Tizabi Y, Bhatti BH, Ml'naye KF, Dasa JR, Akinfiresoyea L (2Q12). Anti-
depressant-like effects of low ketamine dose is associated with increased
hippocampal AMPA/NMDA receptor density ratio in female Wistar-Kyoto rats.
Neutosci 213:72-80. .

The Third Wave (2017). The ultimate guide to micro dosing. Available at: ht;ps:!/
thethirdwave.co/microqosing-/sd-mushrooms/. [Accessed 2 December 2017].

Tyls F, Palen/cek T, Horacek J (2014). Psilocybin - summary of knowledge and
new perspectives, Eur Neuropsychopbsrmecol 24:342-356.

Tyls F, Palenicek T, Kaderabek L, Lipski M, I<;ubesova A, Horacek J (2016). Sex
differences anq serotonergic mechanisms in the behavioural effects of psi-
locin. Behav Pharmacal 27:309-320.

Veilleux-Lemieux 0, Castel A, Carrier D, Beaudry F, Vachon P (2013).
Pharmacokinetics of ketamine and xylazine in young and old Sprague-
Dawley rats. J Am Assoc Lab Anim Sci 52:567-570.

Vallenweider FX (2001). Brain mechanisms of hallucinogens and entactogens.
Dialogues Clin Neurosci 3:265-279.

Vollenweider FX, Vontobel P, Hell D, Leenders KL (1999). 5·HT modulation of
dopamine release in basal g&n9lia in psilocybin-induced psychosis in man: a
PET study with [11C]raclopride. Nf;uroPsychoph;;rmacoI20:424-433.

Vollenweider FX, Vontobel P, Oye I, Hell D, Leenders KL (2000). Eff!,cts of
S-~elamine on striatal dopamine release: a [" C]raclo!,!,ide PET study 01 a
model psychosis in humans. J Psychiatr Res 34:35-43.

White JM, Ryan CF (1996). Pharmacological properties of ketamine. Drug
Alcoho! Rev 15: 14q-155.

Zarate CA Jr, Brutsche NE, Ibrahim L, Franco-Chaves J, Diazgranados N,
Cravchik A, et a/. (2012). Replication of ketarnine's antidepressant efficacy in
bipolar depression: a randomized controlled add-on trial. Biol Psychiatry
71 :93~Hi41l.


