
Introduction

Self-grooming – rubbing, scratching, preening,

licking, nibbling, stroking and otherwise lavishing

attention on the body surface – is a common part

of any rodent’s daily routine; it helps to keep the

animal’s fur clean, to keep cool and probably to

help wounds heal. Self-grooming in rodents is ste-

reotypically sequenced and naturally occurs after

arousal, novelty or stress.

Under laboratory conditions (e.g. the social in-

teraction test or the elevated plus-maze test)

anxiety-provoking situations or anxiogenic com-

pounds (e.g. cholecystokinin or corticotropin-

releasing hormone) induce self-grooming in rats

[41,42]. The 5-HT2C/2B receptor agonist m-CPP is

also known to produce dose-dependent self-

grooming [4]. m-CPP-induced self-grooming can

be attenuated by mianserin, LY-53857 and

metergoline which are antagonists with high

affinity for the 5-HT2C and the 5-HT2B receptor

site [4].
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5-HT2C RECEPTOR AKTIVÁCIÓJA SZTEREOTIP
MOSAKODÁST VÁLT KI PATKÁNYBAN: LEHET-
SÉGES KAPCSOLAT A KÉNYSZERBETEGSÉGGEL
A kényszerbetegség experimentális állatmodell-

jeiben megfigyelt fokozott sztereotip mosako-

dást (self-grooming) egyes kutatók az emberi

kényszeres cselekvések (pl. rituális kézmosás)

megfelelõjének tekintik. Korábbi farmakológiai

kísérletek alapján feltételezhetõ volt bizonyos

szerotonin2 (5-HT2) receptor altípusok szerepe a

self-grooming szabályozásában. Kényszerbete-

gekkel folytatott klinikai vizsgálatokban egyes

5-HT2 receptor agonisták fokozták a betegség tü-

neteit. Jelen vizsgálatunk azt igazolja, hogy a

központi idegrendszeri szerotonin2C (5-HT2C) re-

ceptorok szelektív aktiválása fokozza a patká-

nyokban a sztereotip mosakodást. Eredménye-

ink alátámasztják azt a feltételezést, hogy az

5-HT2C recepor aktivációja felelõs a fent említett

klinikai vizsgálatokban tapasztalt kényszeres tü-

netek fokozódásáért. Kísérleteink segíthetnek

megérteni a kényszerbetegségben szerepet játszó

szerotonerg mechanizmusokat, és hozzájárulhat-

nak e pszichiátriai zavar hatékonyabb gyógyítá-

sához.
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SUMMARY
Excessive self-grooming in animal models of

obsessive-compulsive disorder (OCD) is re-

garded as an equivalent of compulsive behaviour

in OCD patients. Previous studies have sug-

gested a key modulatory role of certain seroto-

nin2 receptor subtypes both in grooming behav-

iour and OCD. Certain 5-HT2 receptor agonists

were reported to exacerbate symptoms in OCD

patients. Here we report that activation of the se-

rotonin2C (5-HT2C) receptor induces self-groom-

ing in rats, which result supports the hypothesis

that selective stimulation of central 5-HT2C re-

ceptors exacerbates symptoms also in OCD. The

present findings may help to understand seroton-

ergic mechanisms underlying psychiatric disor-

ders of the obsessive-compulsive spectrum and

may progress the development of novel anxiolyt-

ic and anti-OCD medications.
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Excessive grooming in animals is regarded

similar to the symptoms of obsessive-compulsive

disorder (OCD) and other obsessive-compulsive

(OC)-spectrum disorders in humans including

trichotillomania [20,21,36,39]. A growing body

of evidence about OCD, including

neuropharmacologic studies, links this classic

psychiatric syndrome to 5-HT2 receptors. The be-

havioural and neuroendocrine effects of the

5-HT2B/2C agonist m-CPP were studied in patients

with OCD and healthy controls. Twelve patients

and 20 controls were given a single dose of 0.5

mg/kg of m-CPP, administered orally under dou-

ble-blind, placebo-controlled, ran-

dom-assignment conditions. Following m-CPP,

but not following placebo, patients with OCD ex-

perienced a transient but marked exacerbation of

obsessive-compulsive symptoms [44]. Some indi-

cation that this symptom exacerbation did not sim-

ply represent a nonspecific response to the

anxiogenic effects of m-CPP comes from studies

using anxiogenic agents in OCD patients. Unlike

patients with panic disorder in whom panic attacks

occured when exposed to yohimbine, lactate or

carbon dioxide, patients with OCD did not mani-

fest significantly greater anxiety or panic attacks

with these other agents, nor did they manifest any

exacerbation of OCD symptoms [35]. Pretreat-

ment with orally administered metergoline, a

non-selective 5-HT2C antagonist, obliterated the

increases in m-CPP-induced exacerbation of OCD

symptoms [37].

The 5-HT2C and the 5-HT2B receptor are mem-

bers of the 5-HT2 receptor family. It is generally

accepted that 5-HT2 receptors are coupled to G-

proteins and activate phospholipase C and release

calcium via phosphatidylinositol hydrolysis in the

brain and other tissues [12,23]. 5-HT2C receptors

are most likely involved in several neuro-

behavioural processes including anxiety, stereo-

type movements, and penile erection [4,25,30,43].

Activation of this receptor subtype efficiently al-

ters the release of other neurotransmitters like

noradrenaline, adrenaline, dopamine, glutamate

or gamma-amino butyric acid (GABA) [13,14,33]

and the release of neuropeptides like corticotropin

releasing hormone (CRH), oxytocin and vaso-

pressin [3,4,10]. However, there are little avail-

able data on the functional effects of central 5-HT2B

receptors. Studies on the actions of the 5-HT2B re-

ceptor agonist BW 723C86 indicate a role for the

5-HT2B receptor in anxiety. BW 723C86 has been

reported to have an anxiolytic-like profile in the

rat social interaction test after subcutaneous ad-

ministration or after direct injection into the me-

dial amygdala, which contains detectable amounts

of 5-HT2B receptor-like immunoreactivity [15,16,

28]. In a recent experiment BW 723C86 was re-

ported to reduce the frequency of grooming bouts

of rats in observation cages [27].

As mentioned before, a restraining aspect of

previous inspections on role of the various 5-HT

receptors involved in grooming behaviour has

been the lack of subtype-selective agents [17,23,

31]. The purpose of our study was to explore the

role of 5-HT2C and 5-HT2B receptors in self-

grooming in rats observed in single cages, using

the selective 5-HT2C antagonist SB-242084 [8,9,

31] the selective 5-HT2B antagonist SB-215505

[29] and the 5-HT2C/2B agonist m-CPP [23,25].

Materials and Methods

All procedures used were performed in accor-

dance with the NIH Guide for the Care and Use of

Laboratory Animals. The protocols were ap-

proved by the local Ethical Committee. Male

Sprague-Dawley rats (280-340 g, Crl:CDRBR,

Charles River, Hungary), were used in the studies.

The animals (4 per cage) were kept under standard

condition, with standard food and water freely

available. The temperature was 21±1oC, the 12

hour light-dark cycle started at 06.00 hour. In

these experiments animals were placed to single

observation cages immediately after m-CPP or ve-

hicle injections. Display of grooming behaviour

was scored every 15 s by a trained person, begin-

ning with the injection of the compounds [4]. Vi-

bration, face and head washing, body grooming,

scratching, paw licking, head shaking and genital

grooming were included as components of groom-

ing behaviour. Animals were scored for 30 min,

thus, the maximum of the available score during

the observation period was 120.

1-[3-chlorophenyl]piperazine hydrochloride

(m-CPP) was dissolved in physiological saline.

SB-242084 (6-chloro-5-methyl-1-[2-(2-methyl-

pyridyl-3-oxy) pyrid-5-yl carbamoyl] indoline)

was dissolved in a solution of 25 mM citric acid

and 10% hydroxypropyl-β-cyclodextrin and neut-

ralised by diluted NaOH. SB-215505 (6-chloro-

5-methyl-1-[5-quinolylcarbamyl]indoline) was

dissolved in a solution of 25 mM citric acid and

40% hydroxypropyl-β-cyclodextrin and neutral-

ised by diluted NaOH. All drugs were injected
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intraperitoneally in a volume of 1 ml/kg.

SB-242084 and SB-215505 were administered 20

min before the agonist as a pretreatment.

The data were analyzed using Kruskal-Wallis

test followed by Mann-Whitney rank sum test.

Groups consisted of 6-8 animals. Each rat was

tested only once. Data in the figures and in the text

are expressed as mean±SEM.

Results

Effect of different doses of the 5-HT2C/2B receptor

agonist m-CPP (0.1-2.5 mg/kg, i.p.) on self-groom-

ing is shown in Figure 1. m-CPP caused dose-

dependent increase of self-grooming (H5,41=

14.81, P<0.02). The effect showed a bell-shaped,

bimodal dose-response curve. Maximal effect was

observed at the dose of 0.6 mg/kg of m-CPP.

Effect of the selective 5-HT2C receptor antag-

onist SB-242084 (20 min pretreatment) on

m-CPP-induced self-grooming is shown in Figure

2. SB-242084 (0.5 mg/kg, i.p.) inhibited m-CPP-

induced (0.6 mg/kg) self-grooming (H3,27=13.98,

P<0.02). SB-242084 alone did not alter self-

grooming.

Effect of the selective 5-HT2B antagonist

SB-215505 (20 min pretreatment) on m-CPP-

induced self-grooming is shown in Figure 3. Pre-

treatment with SB-215505 (1 mg/kg, i.p.) did not

change the effect of m-CPP (0.6 mg/kg) on self-

grooming (H3,27=11.47, P<0.01). SB-215505 alone

did not induce self-grooming.

Discussion

As reported in previous studies, in our present

work we provide further evidence that the

5-HT2C/2B receptor agonist m-CPP dose-depen-

dently produces self-grooming [4]. The affinities

of the 5-HT2 receptor agonist m-CPP for receptor

subtypes are 5-HT2B>5-HT2C>5-HT2A [7,35], but

functional characterization on recombinant hu-

man receptors showed that, compared to 5-HT,

m-CPP has 65%, 24% and 22% relative efficacies

on 5-HT2C, 5-HT2B and 5-HT2A receptors, respec-

tively [38]. Pharmacological studies with differ-

ent antagonists revealed that most effects of

m-CPP on the central nervous system are medi-

ated by 5-HT2B and 5-HT2C receptors rather than

by 5-HT2A receptors [4,6,30]. This is true also for

anxiety-type effects and self-grooming, behav-

iours that are evident at low, 0.3-0.6 mg/kg doses

of m-CPP [4,26,30].

Although compounds used in previous studies

could not clearly differentiate between 5-HT2B

and 5-HT2C receptors, data about low concentr-

ation and expression of 5-HT2B receptors in the

central nervous system and the opposite for the

5-HT2C receptor supported the role of the latter

[1,22,24,32,34]. However, additional studies con-

firmed the expression of 5-HT2B receptors in the

rat brain [15] and activation of the 5-HT2B recep-

tor was reported to inhibit grooming behaviour

[27].

In our study we demonstrate that pretreatment

with low doses of the selective 5-HT2C receptor

antagonist SB-242084 effectively reverses actions

of m-CPP, and pretreatment with SB-215505, a
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Figure 1.
Effect of different doses of m-CPP compared to

vehicle control (saline) on self-grooming

Each column represents the mean±SEM of 6-8 animals.
*= Significant effect of m-CPP compared to vehicle,
Mann-Whitney rank sum test, P<0.05. Results of the
Kruskal-Wallis tests are given in the text.

Figure 2.
Effect of SB-242084 pretreatment (0.5 mg/kg, i.p.)

compared to vehicle (10% hydroxypropyl- -cyclo-
dextrin) on m-CPP-induced (0.6mg/kg, i.p., vehicle:

saline) self-grooming

Each column represents the mean±SEM of 6-8 animals.
Veh= appropriate vehicle control, *= Significant effect
compared to vehicle/vehicle, Mann-Whitney rank sum
test, P<0.05. Results of the Kruskal-Wallis tests are given
in the text.



selective 5-HT2B receptor antagonist does not alter

m-CPP induced grooming. These results confirm

that 5-HT2C and not 5-HT2B receptor activation is

responsible for m-CPP-induced self-grooming.

Our results are in line with recent studies, which

reported that the 5-HT2B agonist BW 723C86 did

not produce any of the behavioural effects associ-

ated with administration of m-CPP [27]. Further-

more, the selective 5-HT2B antagonists, LY 202146

and LY 266097, failed to block m-CPP-induced

hypolocomotion in mice [18,27]. Thus, there is

compelling evidence that predominantly 5-HT2C

and not 5-HT2A or 5-HT2B receptors mediate the in

vivo effects of m-CPP in the CNS. Therefore we

can conclude that m-CPP is a useful tool for test-

ing 5-HT2C receptor function in vivo.

We can assume that 5-HT2C receptors also play

a role in obsessive-compulsive disorder in hu-

mans. m-CPP was reported to exacerbate symp-

toms of OCD [44] and pretreatment with met-

ergoline, an antagonist with very high affinity to

5-HT2C receptors obliterated this effect [37].

Thus, it seems plausible that activation of 5-HT2C

receptors is responsible for m-CPP-induced exac-

erbation of OCD symptoms.

Recent studies have found further intriguing

similarities between excessive self-grooming in

animals and compulsive symptoms in OCD pa-

tients [20,21,36,39]. Previous studies report, that

m-CPP-induced self-grooming is in whole, or in

part mediated via the hypothalamic paraventri-

cular nucleus [2,5]. The role of the paraventricular

nucleus has been postulated also in OCD [40].

Furthermore, the localization of 5-HT2C receptors

show a remarkable association with the so-called

“OCD-circuit”. Studies on the immunohistoche-

mical distribution of 5-HT2C receptors in the rat

brain [11] show that 5-HT2C receptors are highly

represented in the orbitofrontal cortex, the ante-

rior cingulate cortex, and the caudate nucleus.

These structures are referred to as the “OCD-

circuit”, because they show abnormal metabolic

activity in OCD patients [19]. Therefore, we can

truly expect that our findings on self-grooming

may also be relevant to clarifying serotonergic

mechanisms involved in OCD. Furthermore, the

future development of drugs selectively targeting

5-HT2C receptors could offer new treatment possi-

bilities for OC-spectrum disorders.
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Figure 3. Effect of SB-215505 pretreatment
(1 mg/kg, i.p.) compared to vehicle (40%

hydroxypropyl- -cyclodextrin) on m-CPP-induced
(0.6 mg/kg, i.p., vehicle: saline) self-grooming

Each column represents the mean±SEM of 6-8 animals.
Veh= appropriate vehicle control, *= Significant effect
compared to the appropriate control, Mann-Whitney
rank sum test, P<0.05. Results of the Kruskal-Wallis
tests are given in the text.
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