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Abstract
Rationale Preclinical data suggest a possible role for 5-HT6
receptors in depression and anxiety. However, the results of
pharmacological studies are equivocal since both blockade
and stimulation of 5-HT6 receptors may evoke antidepressant-
and anxiolytic-like effects.
Objectives In the present study, the effects of the 5-HT6
receptor agonist EMD 386088, administered intrahippocam-
pally (i.hp.) to rats, were assessed in behavioral tests
commonly used for evaluating antidepressant- and anxiolytic-
like activities.
Results EMD 386088 (10 and 20 μg, i.hp.) exerted a
significant antidepressant-like effect as revealed by decreased
duration of rats' immobility in the forced swim test. This
effect was blocked by systemic administration of the selective
5-HT6 receptor antagonist SB-399885. Additionally, the
anxiolytic-like activity was demonstrated in the Vogel conflict
and elevated plus maze tests, as EMD 386088 reduced the
number of punished responding (5–20 μg, i.hp.) and increased
the percentage of open arm entries (10 and 20 μg, i.hp.). The
tested 5-HT6 agonist (5–20 μg, i.hp.) affected neither distance
traveled in the open field test nor motor coordination assessed in
the rotarod test.
Conclusions The results of the present study demonstrate
that the 5-HT6 agonist produces antidepressant- and
anxiolytic-like effects and that the hippocampus could be
one of the brain regions involved in this action.
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Introduction

Awide body of evidence suggests that the 5-hydroxytryptamine
6, serotonin 6 (5-HT6) receptor, one of the most recently
identified members of the serotonin receptor family, may be a
potential target for developing new therapies against psychiatric
disorders. Preclinical data provide support for the use of
serotonin 5-HT6 receptor antagonists as promising medications
for treating cognitive dysfunctions associated with Alzheimer's
disease and schizophrenia (Fone 2008). Additionally, 5-HT6
ligands may represent a new approach to the management of
obesity (Heal et al. 2008). However, while the majority of 5-
HT6 research has focused on the pro-cognitive and appetite-
suppressing effects, the role of these receptors in depression
and anxiety has also been postulated (Wesolowska 2010).

The potential involvement of 5-HT6 receptors in
depression has been suggested by Yau et al. (1997), who
demonstrated that the pharmacological blockade of the
endogenous corticosterone synthesis upregulated 5-HT6
receptor expression in the rat hippocampus. Since cortico-
sterone synthesis blockers (e.g., metyrapone) exert an
antidepressant-like activity (Healy et al. 1999), it may be
speculated that 5-HT6 receptors are involved in their
effects. Furthermore, the blockade of 5-HT6 receptor
expression using an antisense oligonucleotide produced an
anxiogenic response in the social interaction and elevated
plus maze tests (Otano et al. 1999; Hamon et al. 1999);
however, 5-HT6 receptor knockout mice did not display an
anxious phenotype in the elevated zero maze (Bonasera et
al. 2006). A recent development of selective agonists and
antagonists of 5-HT6 receptors allowed for further evalu-
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ation of the role of this receptor subtype in animal models
of anxiety and depression. However, the results of
pharmacological studies are equivocal and somewhat
controversial. Using the forced swim and tail suspension
tests, the antidepressant-like activity of both agonists and
antagonists of 5-HT6 receptor has been demonstrated
(Svenningsson et al. 2007; Wesolowska et al. 2007;
Wesolowska and Nikiforuk 2007; Hirano et al. 2009).
Similarly, both blockade and stimulation of 5-HT6 recep-
tors exerted anxiolytic-like effects. However, different
models of anxiety have been used for detecting this action,
i.e., the Vogel conflict test and the elevated plus maze test
were employed in the antagonist studies (Wesolowska et al.
2007; Wesolowska and Nikiforuk 2007), whereas an
anxiolytic effect of the agonist was demonstrated in the
defensive burying and novelty-induced hypophagia tests
(Carr et al. 2011)

The hippocampus is implicated in the pathophysiology of
anxiety and depression and, as demonstrated by intracerebral
infusion studies, in mediating the effects of antidepressant
and anxiolytic drugs (Campbell and Macqueen 2004; Engin
and Treit 2007). Consistent with the high expression of 5-
HT6 mRNA in the hippocampus (Monsma et al. 1993; Ruat
et al. 1993), our previous study has clearly suggested that
this brain region is involved in the antidepressant- and
anxiolytic-like activities of the selective 5-HT6 receptor
antagonist SB-258585 (Wesolowska et al. 2007). Since recent
literature data indicate that the stimulation of 5-HT6
receptors may also result in antidepressant and anxiolytic
effects (Svenningsson et al. 2007; Carr et al. 2011), we
aimed to elucidate whether the hippocampus could be
involved in these effects.

Therefore, our present study was designed to examine
whether the 5-HT6 receptor agonist EMD 386088 would
exert antidepressant- and anxiolytic-like effects in preclin-
ical animal models after intrahippocampal administration.
EMD 386088 is a high-affinity (IC50=7.4 nM) full agonist
at 5-HT6 receptors (Mattsson et al. 2005), and its
behavioral effects have been previously demonstrated in
animal tasks assessing cognitive functions (Meneses et al.
2008; Kendall et al. 2011). In the present experiment, the
effects of EMD 386088 administration into the CA1 region
of the dorsal hippocampus of rats have been investigated in
preclinical tests previously used for revealing the
antidepressant- and anti-anxiety-like activities of 5-HT6
receptor antagonists after systemic (Wesolowska and
Nikiforuk 2007) and intrahippocampal (Wesolowska et al.
2007) administrations, i.e., in the forced swim, Vogel
conflict, and elevated plus maze tests. The compound's
impact on the rat’s activity and motor coordination was
assessed in the open field and rotarod tests, respectively.
Additionally, a separate experiment was conducted to
confirm that the antidepressant-like action of EMD

386088 is mediated specifically by the 5-HT6 receptors.
In this experiment, we assessed the ability of systemic
administration of an inactive dose of the selective antago-
nist of 5-HT6 receptors SB-399885 (Hirst et al. 2006) to
block the anti-immobility effect of EMD 386088.

Materials and methods

Animals

Male Sprague Dawley rats (Charles River, Germany)
weighing 250–280 g on arrival were used in this study.
The animals were kept in the temperature- (21±1°C) and
humidity-controlled (40–50%) colony room under 12:12-
h light/dark cycle (lights on at 0600 hours). They were
housed individually in the standard animal cages (40×27×
15 cm) with ad libitum access to food and water. The
experiments were conducted in accordance with the NIH
Guide for the Care and Use of Laboratory Animals and
were approved by the Ethics Committee for Animal
Experiments, Institute of Pharmacology.

Experimental procedures

All the experiments were conducted during the light phase
of the light/dark cycle. The forced swim and Vogel conflict
tests were performed in two separate groups of animals.
The third group of rats was subjected to a battery of tests
including open field, elevated plus maze, and rotarod tests
(Popik et al. 2006).

Surgical procedures

The rats were anesthetized with an intramuscular injection
of ketamine (100 mg/kg) and xylazine (65 mg/kg) in 0.9%
NaCl. A socket with two stainless-steel guide cannulae
(0.4 mm outer diameter, 0.3 mm inner diameter, 8.0 mm
long) was implanted stereotaxically 2 mm above the CA1
region of the dorsal hippocampus (A, 5.2 mm; L, 2.0 mm;
and H, 7.3 mm from the interaural line) (Paxinos and
Watson 1986) and fixed to the skull with stainless-steel
screws and a dental acrylic cement. Seven days later, the
rats were subjected to behavioral testing.

Forced swim test

Rats were placed individually in a 10-L glass cylinder (40 cm
height, 18 cm diameter) filled to a height of 30 cm with water
at 25°C, which was changed after every rat. Two swim
sessions were conducted: a 15-min pretest followed 24 h later
by a 5-min test. EMD 386088 or a vehicle was administered
into the hippocampus intrahippocampally (i.hp.) 10 min
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before the test. The total time spent immobile as well as the
times the rats spent on climbing and swimming was recorded
during the 5-min test session (Detke et al. 1995). Immobility
was characterized as floating in the water with minimal
movements required to keep the head above water. The
swimming behavior entailed active swimming motions, e.g.,
moving around in the cylinder. An upward-directed move-
ment of the forepaws along the wall of the cylinder was
scored as a climbing behavior.

Vogel conflict test

The procedure was adopted from Vogel et al. (1971) with
slight modifications (Popik et al. 2006). On the first day of
the experiment, water-deprived (for approximately 16 h)
rats were adapted to the test chamber (30×32×26 cm) for
10 min. The animals were allowed to explore the chamber
freely and drink water from the bottle spout. Afterwards,
the rats were returned to their home cages and were given
30 min access to the water followed by a 24-h water
deprivation period. The adaptation session and water
deprivation protocols were repeated on the second day of
the experiment. On the third day, rats were placed in the test
chamber 10 min after i.hp. drug administration and were
given free access to the drinking tube. After 20 licks, a 2-s,
0.2-mA, two-phase shock was delivered to the metal
drinking tube, and it was repeated after every 20 licks.
Each session lasted for 3 min from the delivery of the first
shock, and the number of punished responses was recorded.

Elevated plus maze test

The apparatus, made of Plexiglas and elevated to the height of
50 cm, consisted of two open arms (40×12 cm) and two
closed arms (40×12×20 cm) placed 90o to each other and
extending from a central platform (12×12 cm). The experi-
ments were conducted under a low-intensity light (30 lx).
The test was initiated by placing a rat on the central platform
of the maze, facing an open arm. Testing lasted for 5 min,
and the number of open- and closed-arm entries was
recorded using the Any-maze® tracking system. The per-
centage of open-arm entries (total number of entries/number
of open-arm entries×100) served as the measure of anxiety.
Additionally, the total number of arm entries and the distance
traveled were used as a measure of locomotor activity.

Open field test

Rats were placed in the corner of a dimly lit (40 lx) open
field made of black plywood (66×56×30 cm), and the
distance traveled was measured using the Any-maze®
tracking system during a 3-min test session. After each
measurement, the floor was cleaned and dried.

Rotarod test

The impact of treatment on motor coordination was assessed
using the rotarod apparatus (ENV-577; MED Associates, St.
Albans, VT). Rats were placed on a rod rotating at 6 rpm.
Those animals that did not fall off the apparatus within 2 min
were considered to have normal balance and coordination.

Histological analysis

On the completion of each experiment, the location of infusion
was verified visually. All the animals were killed on the final test
day, and their brains were removed and stored in 10% formalin
solution. To identify the position of cannula tracks, the frozen
brains were cut up in the coronal plane using a Cryo-cut. Only
data from the rats in which the cannulae were located bilaterally
in the intended structure were included in the results (Fig. 1).

Drugs

EMD 386088 (5-chloro-2-methyl-3-(1,2,3,6-tetrahydro-4-
pyridinyl)-1H-indole hydrochloride; Tocris Cookson, Bristol,
UK) was dissolved in 5% dimethylsulfoxide. SB-99885 (N-
(3,5-dichloro-2-methoxyphenyl)-4-methoxy-3-(piperazin-1-
yl)benzenesulfonamide; Ascent Scientific, Bristol, UK) was
dissolved in distilled water. EMD 386088 and its vehicle (5%
dimethylsulfoxide) were administered (i.hp.), bilaterally in a
volume of 0.5 μl/site (i.e., a dose expressed in microgram per
1 μl per rat) 10 min before each test. Intrahippocampal
injections were made using Hamilton microsyringes
connected to two stainless-steel needles (0.3 mm outer
diameter) via polyethylene tubing. The injection needles
were inserted 2 mm below the tip of the guide cannula (i.e.,
at the level of the CA1 region of the dorsal hippocampus).
Solutions were administered bilaterally for 60 s. The
injection needle remained in place for another 60 s before it
was removed and replaced with a stylet. SB-99885 was

Fig. 1 a A schematic representation of bilateral injection areas in the
dorsal hippocampus. b A representative sample showing bilateral
cannula placement
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administered intraperitoneally (i.p.), in a volume of 1 ml/kg
of body weight, 30 min prior to the FST. The inactive FST
dose of SB-399885 was chosen on the basis of our
preliminary experiments (unpublished results) and previous
literature data (Wesolowska et al. 2007; Hirano et al. 2009).

Data analysis

All the data are presented as mean ± SEM. The statistical
significance of EMD 386088 effects was evaluated using
one-way ANOVAs. In the antagonism experiment, data
were analyzed with a two-way ANOVA with EMD 386088
treatment (0 and 10 μg) and SB-399885 treatment (0 and
1 mg/kg) as the between-subject factors. Post hoc compar-
isons were performed using Newman–Keuls test. The alpha
value was set at the p<0.05 level. The data fulfilled the
criteria of normal distribution. Statistical analyses were
performed with the use of Statistica 7.0 for Windows.

Results

Forced swim test

As demonstrated in Fig. 2, EMD 386088 administered i.hp.
at a dose of 10 and 20 μg significantly decreased the
immobility (ANOVA: F(3,34)=26.05, p<0.001) and in-
creased the swimming times (ANOVA: F(3,34)=13.10, p<
0.001) of rats in the forced swim test. There was no
significant drug effect on the duration of climbing behavior
(ANOVA: F(3,34)=1.69; not significant, NS).

The selective antagonist of 5-HT6 receptors, SB-399885
(Fig. 3), blocked the reduction of immobility (ANOVA:

interaction: F(1,32)=17,638, p<0.001) and the increase in
swimming behavior (ANOVA: interaction: F(1,32)=5,78, p<
0.05) produced by EMD 386088. There was no effect of the
combined drug administration on climbing behavior
(ANOVA: interaction: F(1,32)=0.01, NS).

Vogel conflict test

EMD 386088 (5–20 μg) significantly increased the number
of accepted shocks during 3-min experimental sessions in
the Vogel test (Fig. 4; ANOVA: F(3,30)=6.36, p<0.01).
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Fig. 2 Effects of EMD 386088 in the forced swim test in rats. EMD
386088 and its vehicle were administered i.hp. for 10 min before the
test. Data represent the mean ± SEM of the total duration of
immobility, swimming, and climbing during the 5-min test session.
The number of animals in experimental groups was 8–10. ***p<
0.001 vs. vehicle-treated group, Newman–Keuls post hoc test
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immobility action in the forced swim test in rats. SB-399885 (1 mg/
kg, i.p.) and EMD 386088 (10 μg, i.hp) were administered 30 and
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Fig. 4 Effects of EMD 386088 in the Vogel conflict test in rats. EMD
386088 and its vehicle were administered i.hp. for 10 min before the
test. Results represent the means ± SEM of the number of shocks
accepted. The number of animals in the experimental groups was 7–
10. *p<0.05, **p<0.01 vs. vehicle-treated group; Newman–Keuls
post hoc test
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Elevated plus maze test

As shown in Table 1, EMD 386088 (10–20 μg) exhibited an
anxiolytic-like activity, reflected by an increase in the
percentage of open-arm entries (F(3,35)=3.94, p<0.05).
There was no effect of drug treatment on the total number
of arm entries and distance traveled in the elevated plus maze
apparatus (ANOVAs: F(3,35)=1.47, NS, and F(3,35)=1.58,
NS, respectively).

Open field test and rotarod test

There was no significant effect of EMD386088 administration
on the distance traveled in the open field apparatus (Table 1;
ANOVA: F(3,35)=2.36, NS). Moreover, the drug adminis-
tered up to a dose of 20 μg i.hp. did not disturb the motor
coordination of rats in the rotarod test (data not shown).

Discussion

The results of the present study demonstrate that the 5-HT6
receptor agonist EMD 386088, administered intrahippo-
campally to rats, produced antidepressant- and anxiolytic-
like effects. Specifically, EMD 386088 exerted an
antidepressant-like activity as revealed by shortening of
the immobility time in the forced swim test. This effect was
fully blocked by the selective 5-HT6 receptor antagonist
SB-399885 administered at an inactive dose. An anti-
immobility effect appeared to be specific, since EMD
386088 did not affect the rats' activity measured in the
open field apparatus. Moreover, EMD 386088 significantly
and dose-dependently increased the number of shocks
accepted in the Vogel conflict test. The anti-anxiety action
of EMD 386088 has also been demonstrated in the elevated
plus maze test, since the tested compound increased the
percentage of open-arm visits. Since the EMD 386088

compound affected neither the total number of arm visits
nor the distance traveled in the apparatus, its anxiolytic-like
action cannot be explained by competing behaviors, such as
the enhancement of locomotor activity.

The present demonstration of the antidepressant-like
effect of EMD 386088 following i.hp. administration is in
agreement with literature data showing the anti-immobility
action of systemic administration of another 5-HT6 agonist
in the mouse tail suspension test (Svenningsson et al. 2007)
and in the rat forced swim test (Carr et al. 2011).
Interestingly, in line with the results of Carr et al. (2011),
EMD 386088 also specifically increased swimming behavior
in the modified FST in rats. This pattern of rats' responding
has been regarded as indicative of an enhanced serotonergic
transmission and attributed to selective serotonin reuptake
inhibitors (SSRIs) action (Detke and Lucki 1996). Therefore,
it may be suggested that the activation of 5-HT6 receptors is
implicated in the behavioral response to SSRIs in the forced
swim test. The potential involvement of 5-HT6 receptor
stimulation in the antidepressant-like action of SSRIs is also
supported by biochemical data. Svenningsson et al. (2007)
has demonstrated that the 5-HT6 receptor agonist 2-ethyl-5-
methoxy-N,N-dimethyltryptamine increased the phosphory-
lation state at Thr34-DARPP-32 (a dopamine- and cAMP-
regulated phosphoprotein). This effect, observed also after
fluoxetine administration, has been involved in a fluoxetine-
mediated decrease in immobility (Svenningsson et al. 2002).
Moreover, similar to the chronic antidepressant treatment,
a direct 5-HT6 receptor activation resulted in a rapid rise in
the hippocampal brain-derived neurotrophic factor mRNA
expression (de Foubert et al. 2007). Therefore, it seems
possible that the activation of 5-HT6 receptors might
participate in the behavioral and biochemical outcome of
SSRIs and that the hippocampus might be one of the brain
regions involved in this action.

The anti-anxiety action of EMD 389088 in the Vogel
conflict and elevated plus maze tests corroborates the

Table 1 Effects of EMD 386088 in the elevated plus maze test and the open field test

Treatment Vehicle EMD 386088

5 μg 10 μg 20 μg

Elevated plus maze

Open arm visits (%) 45.9±2.8 52.8±3.0 58.0±1.8* 57.6±3.3*

Total number of visits 19.1±2.3 22.1±1.7 16.2±1.9 16.7±2.1

Distance traveled (units) 11.1±1.1 14.4±1.6 12.2±0.8 11.1±1.2

Open field

Distance traveled (m) 11.6±0.8 15.0±1.2 13.3±0.9 13.5±0.9

Ten minutes after EMD 386088 i.hp. administration, the animals were subjected to the test “battery” performed in the following order: open field
(3 min), elevated plus maze (5 min), and rotarod tests (2 min). Results represent the mean ± SEM; N=9 to 11 animals per group

*p<0.05 vs. vehicle-treated groups, Newman–Keuls post hoc test

Psychopharmacology (2011) 217:411–418 415



results of Carr et al. (2011). These authors demonstrated
that the 5-HT6 receptor activation produced an
anxiolytic-like action in the defensive burying and
novelty-induced hypophagia tests. Literature data suggest
that the gamma-aminobutyric acid (GABA) system is
involved in the modulation of anxiety-like behavior by 5-
HT6 receptor agonists. Consistent with the localization of
5-HT6 receptors on GABAergic interneurons (Woolley et
al. 2004), the activation of 5-HT6 receptors enhanced
GABA transmission in the hippocampus as revealed by in
vivo microdialysis (Schechter et al. 2008) and electro-
physiological (West et al. 2009) techniques. Since
positive modulators of GABA receptors as well as agents
enhancing GABAergic tone have been widely used to
exert anxiolytic effects, it is possible that an elevated
GABA release underlies the anti-anxiety action of 5-HT6
receptor agonists. In addition to facilitation of GABA-
mediated inhibitory transmission, a 5-HT6 agonist also
decreased stimulated glutamate release (Schechter et al.
2008). This effect may also contribute to the effectiveness
of 5-HT6 agonists especially in the stress-related con-
ditions associated with enhanced excitatory glutamatergic
transmission.

It should be noted that 5-HT6 antagonists may also
exert antidepressant- and anxiolytic-like activities in
preclinical animal models (Wesolowska et al. 2007;
Hirano et al. 2009). It is likely, however, that different
neurochemical mechanisms underlie the similar effects of
agonists and antagonists of 5-HT6 receptors. Microdialysis
studies suggest that in contrast to the 5-HT6 receptor
agonist, the antagonist may increase dopamine and nor-
adrenaline concentrations (Lacroix et al. 2004). The
involvement of these neurotransmitters in the anti-
immobility action of 5-HT6 antagonist has been supported
by a study demonstrating that a selective 5-HT6 receptor
antagonist enhanced the anti-immobility action of the
noradrenaline reuptake inhibitor (desipramine) and the
dopamine reuptake inhibitor (bupropion) in the forced
swim test (Wesolowska and Nikiforuk 2008). The
antidepressant-like action of a 5-HT6 antagonist was further
attributed to the action at dopamine D1 and D2 receptors as
well as α2-adrenoceptor (Wesolowska 2007). In contrast to
dopaminergic and noradrenergic neurotransmission, the 5-HT
system does not appear to be involved in the antidepressant-
like effect of the 5-HT6 antagonist as revealed in the study
using 5-HT-depleted animals (Wesolowska 2007). On the
other hand, the 5-HT6 receptor antagonist has been
demonstrated to counteract the anti-immobility action of
fluoxetine in the tail suspension test in mice (Svenningsson
et al. 2007). This result together with the above-cited data
related to the 5-HT6 agonist-induced antidepressant-like
action points to the role of 5-HT6 receptor stimulation in
the behavioral outcome of SSRIs.

In contrast to 5-HT6 agonists, the anxiolytic action of 5-
HT6 antagonists cannot be simply ascribed to the restora-
tion of balance between inhibitory GABAergic and excit-
atory glutamatergic transmission. In fact, the blockade of 5-
HT6 receptor counteracted the increase in extracellular
GABA concentration induced by 5-HT6 agonists
(Schechter et al. 2008) and increased glutamate levels in
the frontal cortex and dorsal hippocampus (Dawson et al.
2001). Though the 5-HT6 blockade-induced increase in
acetylcholine release has been previously suggested to
participate in anxiolytic-like effects (Wesolowska and
Nikiforuk 2007), the precise mechanism of the 5-HT6
antagonist anti-anxiety action remains unknown. Neverthe-
less, a similar action of an agonist and antagonist of 5-HT6
receptors is not restricted to animal models of depression
and anxiety. For instance, both stimulation and blockade of
5-HT6 receptors may exert pro-cognitive actions (Burnham
et al. 2010; Kendall et al. 2011, but see also Meneses et al.
2008; Loiseau et al. 2008). Similarly, the anti-obesity
actions have been demonstrated after administration of
both agonists and antagonists of these receptors (reviewed
in Heal et al. 2008).

However, while different mechanisms may be responsi-
ble for the effects of 5-HT6 agonists and antagonists, the
hippocampus appears to be involved in behavioral effects
of both 5-HT6 receptor stimulation (present study) and
blockade (Wesolowska et al. 2007). The hippocampus may
mediate the effects of compounds with diverse mechanisms
of action in preclinical models of anxiety and depression.
For example, the reduced immobility in the forced swim
test in rats has been observed after intrahippocampal
administration of tricyclic antidepressants, imipramine
(Przegalinski et al. 1997), and desipramine (Kostowski
1985); 5-HT7 receptor antagonists (Wesolowska et al.
2006); ionotropic glutamate receptor antagonist (Padovan
and Guimaraes 2004); as well as neurotrophic factors
(Shirayama et al. 2002). Moreover, the hippocampus
mediates the effects of benzodiazepines or a direct GABAA
receptor agonist (Menard and Treit 2001; Rezayat et al. 2005),
serotonin receptor (i.e., 5-HT1A and 5-HT7) ligands (Menard
and Treit 1998; Wesolowska et al. 2006), an acetylcholines-
terase inhibitor (Degroot and Treit 2002), ionotropic or
metabotropic glutamate receptor ligands (Padovan et al.
2000; Palucha et al. 2004), and neurosteroids (Bitran et al.
1999) in various models of anxiety, including the conflict
drinking test and the elevated plus maze test.

In conclusion, the present study demonstrates that the
hippocampus is involved in antidepressant- and anxiolytic-
like effects of EMD 386088, a 5-HT6 receptor agonist.
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