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Abstract
Rationale The selective serotonin (5-HT) reuptake inhib-
itors (SSRIs) represent the first-line pharmacotherapy for
obsessive–compulsive disorder (OCD), and atypical anti-
psychotic drugs, which block 5-HT2A receptors, are used
in augmentation strategies. Opiate drugs are also effective
in treatment-refractory OCD and Tourette syndrome. The 5-
HT2A-related behavior (i.e., head twitch) has been related
with tics, stereotypes, and compulsive symptoms observed
in Tourette syndrome and OCD.
Objectives The aim of this study was to explore whether 5-
HT2A-related behavior is affected by atypical opiate drugs.
Materials and methods Head-twitch response was induced
in mice by administration of either 5-hydroxytryptophan (5-
HTP) or the 5-HT2A/C agonist (±)-1-(2,5-dimethoxy-4-
iodophenyl)-2-aminopropane (DOI). Dose–effect curves of
atypical opiate drugs [(±)-tramadol, (−)-methadone and
levorphanol], morphine, and other psychoactive drugs
(fluvoxamine, desipramine, nefazodone, and clozapine)
were performed. Opioid mechanisms were investigated by
administration of naloxone.
Results All the opiates tested reduced both 5-HTP and
DOI-induced behavior in a naloxone-reversible fashion,
atypical opiates being more effective. The effects of the
other drugs depended on the protocol, clozapine being the
most effective.
Conclusions Combined 5-HT and opioid properties result
in a greater efficacy in antagonizing 5-HT2A-related

behavior. These results provide behavioral evidence to
support convergent effects of the 5-HT and opioid systems
in discrete brain areas, offering the potential for therapeutic
advances in the management of refractory stereotypes and
compulsive behaviors.

Keywords Atypical opiates . Head twitch . Opioid .
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Introduction

Obsessive–compulsive disorder (OCD) is a severe, highly
prevalent (2–3% of the population worldwide) and chron-
ically disabling disorder that usually emerges during
childhood or adolescence (Karno et al. 1988; Weissman et
al. 1994). The illness is characterized by intrusive thoughts
(obsessions) and repetitive behaviors (compulsions). Some-
times, OCD is associated with tics, particularly related to
Tourette syndrome (Pauls 1992), a disorder within the OCD
spectrum. Although its pathophysiology is not yet fully
elucidated, clinical evidences strongly implicate an abnor-
mal regulation of brain serotoninergic function. Currently,
the selective serotonin (5-HT) reuptake inhibitors (SSRIs)
represent the first-line pharmacotherapy for OCD. Never-
theless, they have a slow onset of action and 30–50% of
patients do not respond at all to these agents.

The effects of 5-HT are mediated by a large number of
receptor subtypes (Barnes and Sharp 1999); among them,
5-HT2A/C subtype has been suggested to be involved in
both the pathogenesis and the treatment strategies of
various neuropsychiatric disorders. It has been proposed
that the reduction in 5-HT2C receptor responsivity induced
by chronic SSRIs may be of particular relevance to their
unique efficacy in OCD (Kennett et al. 1994a) and may
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explain the long latency period and high doses necessary
for anti-OCD effects (Dougherty et al. 2004). Moreover,
atypical antipsychotic medications, which block 5-HT2A/C
receptors, are used in combination with SSRIs in augmen-
tation strategies for OCD (Dougherty et al. 2004). In this
sense, it has been suggested that the simultaneous specific
blockade of 5-HT2A receptors and activation of an
unknown constellation of other 5-HT receptors indirectly,
as a result of 5-HT uptake inhibition, might have greater
therapeutic efficacy than either action alone in treatment-
refractory OCD (Marek et al. 2003).

The beneficial effects of opioids in mental illness have
been known for a hundred years (Kraepelin 1921), but their
introduction in clinical practice has been limited by their
addictive properties and the introduction of effective
nonaddictive treatments (i.e., drugs affecting monoaminer-
gic systems). Nevertheless, opioid system has been impli-
cated in OCD (Insel and Pickar 1983; Keuler et al. 1996;
Urraca et al. 2004), and opiate drugs have been proved to
be effective in treatment-refractory OCD (Goldsmith et al.
1999; Koran et al. 2005; Shapira et al. 1997a; Shapira et al.
1997b; Warneke 1997). However, the mechanisms of opiate
relief of OCD symptoms are unknown, but an interaction of
opioid and monoaminergic systems is not ruled out. In fact,
agonists at μ-opioid receptors have proved to suppress 5-
HT2A-mediated electrophysiological responses in the me-
dial prefrontal cortex (Marek and Aghajanian 1998a,b)
which provides a potential mechanism for convergent
effects of serotoninergic and opioid systems in the brain.

It is known that some opiates, called here atypical
opiates, are able to inhibit monoamine reuptake. These
opiates are structurally identifiable: phenanthrene opiates
without an oxygen bridge between C4 and C5 and the C6-
OH moiety, such as levorphanol, and nonphenanthrene
opiates, such as tramadol and methadone (Codd et al.
1995). Taking into account the aforementioned relationship
of the opioid and the 5-HT systems, these drugs which
involve both μ-opioid and serotoninergic properties would
be good candidates for the development of new strategies in
psychiatric research. In this regard, it is not surprising that
atypical opiates induce antidepressant effects in rodents
(Rojas-Corrales et al. 1998, 2002, 2004) and humans (De
Montis et al. 1982; Fanelli and Montgomery 1998; Shapira
et al. 2001; Spencer 2000). This is interesting, taking into
account that due to the lack of OCD models useful for drug
discovery, all compounds currently used for OCD were
developed first as antidepressants. In fact, these atypical
opiates have been proved to be effective in OCD
(Goldsmith et al. 1999; Shapira et al. 1997a,b). In this
sense, we aimed to study if 5-HT2A/C-related mechanism
may be involved in these beneficial effects of atypical
opiates and may offer the potential for therapeutic advances
in stereotypes and compulsive behaviors related with OCD.

We used an experimental approach through the study of
5-HT2A receptor-mediated behavior: the head-twitch re-
sponse induced by different experimental designs. This
response has been often used to study the function of 5-
HT2A receptors in the brain in vivo (Schreiber et al. 1995;
Vickers et al. 2001) and has been related with impulsivity
(Evenden and Ryan 1999) and the generation of obsessive–
compulsive symptoms. Moreover, it has been proposed that
shakes or twitches of the head in mice can serve as an
animal model of tics seen in Tourette’s disorder (Dursun
and Handley 1996; Gaynor and Handley 2001). The aim of
this study was to explore whether these atypical opiates
(opiates which inhibit serotonin reuptake) could modify the
5-HT2A-related behavior in vivo. We have compared these
effects with those induced by the typical opiate morphine
and several psychoactive drugs affecting differently the
serotoninergic neurotransmission.

Materials and methods

Animals

Albino male mice of the CD1 strain (25–30 g) provided by
the “Servicio de Experimentación y Producción Animal”
(SEPA) of the University of Cádiz were used. Animals
were housed in groups of five animals per cage and were
maintained under standard conditions: 12-h light–dark
schedule (light on at 8:00 A.M.) with ad libitum food and
water and constant temperature (21±1°C). The experiments
were carried out between 09:00 and 15:00 hours. The
experimental protocols were reviewed and approved by the
Local Committee for Animal Experimentation of the Faculty
of Medicine at the University of Cádiz (License number
079604). Animal care and use procedures have been carried
out in accordance with the Declaration of Helsinki and
conformed to the European Directive regarding the protec-
tion of animals used for experimental and other scientific
purposes (86/609-EEC) and Spanish Law (RD 1201/2005).
Naive mice were used only once and ten subjects were used
per group. Drugs were administered (s.c. or i.p.) in an
injection volume of 0.1 ml/10 g of body weight (Iwarson
et al. 1994)

Method and experimental design

The head-twitch response is a very distinctive behavior
related to serotoninergic mechanisms that has been well
defined as a rapid movement of the head and neck of the
rodent. This behavior may be induced either nonspecifically
by administration of 5-hydroxytryptophan (5-HTP), a
precursor of 5-HT (Corne et al. 1963), or specifically by
administration of 5-HT2A/C agonists such as DOI (Gessner
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and Page 1962), and it is considered as a specific
behavioral model for the activation of serotoninergic
neurons (Schreiber et al. 1995). This behavior has been
often used as an experimental model to study the function
of 5-HT2 receptors, or more specifically of 5-HT2A
receptors in the brain in vivo (Schreiber et al. 1995;
Vickers et al. 2001). Although DOI has similar affinity for
both 5-HT2A and 5-HT2C receptors, the head-twitch
behavior appears to be mediated primarily by 5-HT2A
receptors as this effect is blocked by selective 5-HT2A but
not 5-HT2C antagonists (Dursun and Handley 1996;
Kennett et al. 1994b; Kleven et al. 1997; Schreiber et al.
1995). We have used different experimental designs to
induce this behavior in mice and to explore how atypical
opiates are able to modify it. The rodents were placed
individually in transparent polycarbonate observation boxes
equipped with holed steel lids (10×24×8 cm, IFFA
CREDO®) containing no bedding material to facilitate the
evaluation of the head-twitch responses.

5-HTP-induced head-twitch response

Previous data showed us that single i.p. administration of
100 mg/kg of 5-HTP-induced one to two head twitches per
minute, 30 min after, without side effects. In these
conditions, we studied the possible potentiation of this
behavior performing the dose–effect curves of the drugs.
Psychoactive drugs underlying different mechanisms were:
a selective inhibitor of noradrenaline reuptake, desipramine;
a selective inhibitor of 5-HT reuptake, fluvoxamine;
nefazodone which inhibits serotonine and noradrenaline
reuptake and blocks 5-HT2-receptors; and clozapine, a
psychoactive drug which preferentially blocks 5-HT2
receptors. Morphine was used as a typical opiate, and
(±)-tramadol, R-(−)-methadone and levorphanol were used
as atypical opiates which enhance serotonin levels. The
number of head twitches was scored 30 min after i.p.
administration of 100 mg/kg of 5-HTP in 2 min; drugs
were injected 60 min before the test.

5-HTP plus carbidopa-induced head-twitch response

Carbidopa, an inhibitor of aromatic amino acid decarbox-
ylation, was associated to 5-HTP to reduce its peripheral
decarboxylation and enhance CNS effects; this design
provides a larger number of head twitches which allow a
wide range to study drug effects. Carbidopa (25 mg/kg i.p.)
was administered 15 min before 5-HTP (100 mg/kg i.p.).
The number of head twitches was scored 10 min after 5-
HTP administration in 1 h (in periods of 10 min, during
the first minute of each period, total observation time:
6 min). (±)-Tramadol was injected 15 min before the test
as the standard atypical opiate that binds to μ-opioid

receptor and enhances both noradrenline and serotonine
levels.

DOI-induced head-twitch response

The dose of the 5-HT2A/C receptor agonist DOI (Ichikawa
and Meltzer 1995) was selected on the basis of a previous
dose–effect curve performed (1.25–10 mg/kg, data not
shown) (Darmani and Gerdes 1995). Animals were placed
immediately after DOI administration (2.5 mg/kg i.p.) in
the observation boxes. The number of head twitches was
scored 10 min after DOI administration in 1 h (in periods of
10 min, during the first minute of each period; total
observation time, 6 min). Psychoactive drugs as desipra-
mine, fluvoxamine, nefazodone, and clozapine and opiates
as morphine, (±)-tramadol, (+)-tramadol, (±)-tramadol, (−)-
methadone, and levorphanol were administered 30 min before
the test. In a subsequent series of experiments, naloxone was
s.c. administered 15 min before the test to study the opioid
involvement in the effect of the drugs.

Drugs

All drug doses are given in terms of the salt, in mg per kg
of body weight. Drugs were dissolved in water. If
necessary, a few drops of acetic acid were added. 5-
Hydroxytryptophan, carbidopa, (±)-1-(2,5-dimetoxi-4-
iodofenil)-2-aminopropano HCl (DOI), and naloxone HCl
were obtained from Sigma-Aldrich-Química (Madrid,
Spain); (±)-tramadol HCl, (+)-tramadol HCl, and (-)-
tramadol HCl were gifts given generously by Grünenthal-
Andrómaco (Madrid, Spain); levorphanol tartrate and (−)-
methadone HCl were purchased from Research Biochem-
icals Inc. (Natick, MA); nefazodone HCl and clozapine
base were gifts generously given by Bristol-Myers-Squib
(Madrid, Spain) and Sandoz (Madrid, Spain), respectively,
morphine HCl was obtained from the Ministry of Health
and Consume of Spain.

Statistics

Data are expressed as mean ± standard error of the total
number of head twitches in 5-HTP-induced responses.
Normal distribution of data was analyzed by Kolmo-
gorov–Smirnov test, and nonparametric tests were used
when appropriate; i.e., Mann–Whitney U-test after signif-
icant Kruskal–Wallis H-test. Normally distributed data
were analyzed using one-way analysis of variance. Data
from DOI and 5-HTP plus carbidopa-induced responses were
expressed as the mean ± standard error of the number of head
twitches per minute and were analyzed by repeated measures
analysis of variance. Areas under curves (AUC, 0–1 h) were
also calculated by the trapezoidal rule and one-way analysis
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was subsequently performed. Significant analyses of variance
were followed by Student–Newman–Keuls post hoc test. A p
value of <0.05 was considered to be significant.

Results

5-HTP-induced head-twitch response

Table 1 resumes the effect of the different CNS active drugs
underlying different mechanisms of action on the head-
twitch response induced by 100 mg/kg of 5-HTP. The
selective noradrenaline reuptake inhibitor, desipramine, did
not induce any significant effect in this paradigm at the
doses tested (5–20 mg/kg). Fluvoxamine, a selective
inhibitor of 5-HT reuptake induced a significant (p<0.05)
enhancement of head-twitch response at 5, 10, and 20 mg/
kg. Nefazodone (5–20 mg/kg) did not modify significantly
this behavior, and clozapine significantly reduced the
number of head twitches at 2.5 and 5 mg/kg.

On the other hand, morphine (4–8 mg/kg), (±)-tramadol
(10–40 mg/kg), and (−)-methadone (2–8 mg/kg) reduced
strongly the number of head twitches while levorphanol
(0.5–2 mg/kg) slightly reduced this behavior, although it
does not reach statistical significance.

5-HTP plus carbidopa-induced head-twitch response

The inhibitor of aromatic amino acid decarboxylation,
carbidopa, enhanced the number of spontaneous 5-HTP-

Table 1 Effect of different opiate and psychoactive drugs on the number of head twitches induced 30 min after administration of 100 mg/kg
of 5-HTP in 2 min

Drug mg/kg Mean S.E. Drug mg/kg Mean S.E.

DMI – 0.90 ±0.28 MOR – 1.00 ±0.33
5 1.30 ±0.90 5 0.40 ±0.31
10 2.30 ±0.80 10 0.00 ±0.10*
20 0.60 ±0.31 20 0.00 ±0.10*

FVX – 2.00 ±0.68 (±)-TRM – 1.00 ±0.39
5 7.90 ±0.88* 5 0.10 ±0.10*
10 9.80 ±1.31* 10 0.10 ±0.10*
20 10.56 ±2.92* 20 0.20 ±0.13*

NFZ – 1.00 ±0.45 (−)-MET – 0.70 ±0.30
5 2.20 ±0.63 5 0.00 ±0.00*
10 2.67 ±0.99 10 0.00 ±0.00*
20 2.10 ±0.55 20 0.00 ±0.00*

CLZ – 1.00 ±0.30 LEV – 0.70 ±0.21
1,25 0.80 ±0.42 1.25 0.50 ±0.22
2,5 0.00 ±0.10* 2.5 0.40 ±0.22
5 0.00 ±0.10* 5 0.10 ±0.10

DMI Desipramine, FVX fluvoxamine, NFZ nefazodone, CLZ clozapine, MOR morphine, (±)-TRM (±)-tramadol, (−)-MET (−)-methadone, LEV
levorphanol
*p<0.05 vs control (saline treated)
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Fig. 1 Effect of (±)-tramadol (i.p.) on the head-twitch response
induced by 5-HTP plus carbidopa. Upper graph: time–course
evolution of the number of head twitches (HT) per minute, in periods
of 10 min, in 1 h after drug administration. Open circles: saline,
triangles: 10 mg/kg of (±)-tramadol, squares: 20 mg/kg of (±)-
tramadol, diamonds: 40 mg/kg of (±)-tramadol, and closed circles:
80 mg/kg of (±)-tramadol. Lower graph: areas under curves from the
time–course evolution curves. Asterisks: p<0.05 vs saline group
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induced head twitches in the animals. Upper graph in Fig. 1
shows the time evolution of the number of head twitches.
Repeated analysis of variance shows an effect of time in
each experimental group (intra-subject effect, p<0.05) and
an effect of treatment (inter-subject effect p<0.001).
Subsequent one-way analysis of variance of the AUC
values obtained for each time–effect curve (Fig. 1, lower
graph), shows that (±)-tramadol reduced dose-dependently
and significantly (p<0.05) this behavior at all the doses
tested (10–80 mg/kg).

DOI-induced head-twitch response

Monoaminergic drugs: Figure 2 shows the effect of monoam-
inergic drugs in DOI-induced head-twitch response. Figure 2a
shows the effect of desipramine in the DOI-induced
response. Repeated analysis of variance shows an intra-
subject (p<0.05) and inter-subject (p<0.001) effects.
Analysis of AUC 0–1 h values shows that only 40 mg/
kg of desipramine was able to significantly reduce this
behavior. On the other hand (Fig. 2b), administration of
fluvoxamine (2.5–20 mg/kg) did not induce any signifi-
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Fig. 2 Effect of several psychoactive drugs (i.p.), affecting differen-
tially serotoninergic neurotransmission, on the head-twitch response
induced by the selective 5-HT2A/C agonist DOI. Upper graphs:
time–course evolution of the number of head twitches (HT) per
minute, in periods of 10 min, in 1 h after drug administration. Open
circles: saline, triangles: 5 mg/kg of desipramine and nefazodone and
2.5 mg/kg of fluvoxamine and clozapine, squares: 10 mg/kg of

desipramine and nefazodone and 5 mg/kg of fluvoxamine and
clozapine, diamonds: 20 mg/kg of desipramine and nefazodone and
10 mg/kg of fluvoxamine and clozapine, closed circles: 40 mg/kg of
desipramine and nefazodone and 20 mg/kg of fluvoxamine and
clozapine. Lower graphs: areas under curves from the time–course
evolution curves. Asterisks: p<0.05 vs saline group
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Fig. 3 Effect of morphine and atypical opiate drugs on the head-
twitch response induced by the selective 5-HT2A/C agonist DOI.Upper
graphs: time–course evolution of the number of head twitches (HT)
per minute, in periods of 10 min, in 1 h after drug administration.
Open circles: saline, triangles: 1 mg/kg of morphine, (−)-methadone
and levorphanol and 5 mg/kg of (±)-tramadol, squares: 2 mg/kg of

morphine, (−)-methadone and levorphanol and 10 mg/kg of (±)-
tramadol, diamonds: 4 mg/kg of morphine, (−)-methadone and
levorphanol and 20 mg/kg of (±)-tramadol, closed circles: 8 mg/kg
of morphine, (−)-methadone and levorphanol and 40 mg/kg of (±)-
tramadol. Lower graphs: areas under curves from the time–course
evolution curves. Asterisks: p<0.05 vs saline group
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cant effect (inter-subject effect, p=0.330). AUC 0–1 h
values show more clearly the slight modifications, not
significant, induced by fluvoxamine vs saline-treated mice.
Figure 2c shows a decrease in the number of head twitches
per minute along the time (intra-subject effect, p<0.001)
and in nefazodone-treated mice (inter-subject effect, p<
0.001). This effect was dose-dependent; nefazodone-in-
duced AUC 0–1 h values at 10 (20.94±02.50), 20 (13.44±
4.28), and 40 (0.63±0.63) mg/kg were significantly
different (p<0.05) from saline (40.00±4.77).

The antipsychotic drug, clozapine, blocked the DOI-
induced behavior. Moreover, the block of head twitches
was maintained throughout the test period by clozapine at
10 and 20 mg/kg, as it is shown in Figure 2d. AUC 0–1 h
values show that clozapine at 2.5 (15.31±2.47) and 5 (1.25±
0.94) mg/kg also induced a significant effect vs the saline-
treated group (38.44±5.96), albeit short-lived compared to
higher doses. Opiate drugs: morphine was able to reverse the
DOI-induced head twitches (inter-subject effect, p<0.001)
(Fig. 3a). Doses of 1 and 2 mg/kg of morphine scarcely
modified (p>0.05) AUC 0–1 h values (head twitches per
time) (41.75±3.86 and 39.75±6.03, respectively) and 4 mg/
kg slightly reduced, although not significantly, this param-
eter vs the saline control group (38.25±5.53). Conversely,
8 mg/kg of morphine was able to reduce significantly this
parameter (4.25±1.83, p<0.05 vs saline).

The inhibition of the number of DOI-induced head
twitches by (±)-tramadol is shown in Fig. 3b (inter-subject
effect, p<0.001). AUC 0–1 h values show that this effect
was dose-dependent at 5 (42.50±6.10), 10 (31.25±4.86),
20 (14.00±4.57), 40 (4.50±2.44), and 80 (0.25±
0.25) mg/kg and the significant vs the saline-treated group

(65.25±7.91). Figure 3c shows the effect of (−)-methadone
(1–8 mg/kg). Administered at 4 and 8 mg/kg, (−)-
methadone totally abolished this behavior during the whole
observation period. Post hoc analysis of AUC 0–1 h values
also shows a significant effect of 1 (22.81±7.14) and 2
(14.06±4.43) mg/kg, with respect to control group (39.69
±5.91). The other opiate drug studied, levorphanol, also
abolished the head twitches at 2–8 mg/kg at the beginning
of the observation period. However, this abolishment was
only conserved along the time when 4–8 mg/kg was
administered. Significant AUC 0–1 h values vs saline
(36.56±5.55) were obtained for 1 (11.56±3.27), 2 (5.31
±2.24), 4 (1.56±1.05), and 8 (0.63±0.63) mg/kg of
levorphanol.

Figure 4 shows the data obtained with the two isomers of
(±)-tramadol. Administration of (5–40 mg/kg) of (+)-
tramadol dose-dependently reduced (±)-DOI-induced syn-
drome (Fig. 4a). Conversion of the time–course data to
AUC 0–1 h values shows significant effects of 5 (16.56±
3.31), 10 (11.25±2.22), 20 (7.19±2.34), and 40 (1.88±
0.91) mg/kg compared with the control saline group (31.25±
5.96). Conversely, (−)-tramadol (5–40 mg/kg) reduced
slightly, but not significantly, the number of head twitches
per time (inter-subject effect, p=0.063), Fig. 4b.

Effect of naloxone

As opiates induced a strong effect in reducing the number
of DOI-induced head twitches, we studied the involvement
of opioid receptors in this behavior by coadministration of
0.8 mg/kg of naloxone. Therefore, naloxone was associated
to either the minimum effective dose of either nefazodone
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(see Fig. 2c), clozapine (see Fig. 2d), morphine (see
Fig. 3a), (±)-tramadol (see Fig. 3b), or methadone (see
Fig. 3c). As it is shown in Fig. 5, naloxone neither modified
the effect of nefazodone (Fig. 5a) nor the effect of
clozapine (Fig. 5b). Conversely, naloxone was able to
reduce significantly the effect of morphine, (±)-tramadol,
and (−)-methadone (Fig. 6)

Discussion

This study explores and compares the effect of opiates with
serotoninergic properties with those of morphine and other
psychoactive drugs in the head-twitch behavior. Head-
twitch behavior in mice has been related at the behavioral
level as an experimental model for the activation of the
CNS 5-HT2A receptors. DOI-induced head-twitch response
has been claimed to serve as an animal model of tics seen in
Tourette’s disorder (Dursun and Handley 1996; Gaynor and
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Handley 2001; Hayslett and Tizabi 2005), and the
relationship between tics and OCD compulsions have been
previously suggested (Leckman et al. 1994).

Our results show that all the opiates tested reduced both
5-HTP and DOI-induced head twitches. Studies from our
laboratory show no sedative effect induced by these
atypical opiate drugs at doses used; conversely, they
induced antidepressant-like effects implying, many times,
motor responses (Rojas-Corrales et al. 1998, 2002, 2004).
Moreover, it has been specifically demonstrated that the μ-
opioid receptor agonists suppress DOI-induced head shakes
without simultaneously having effects on locomotor activ-
ity (Marek 2003). Association of carbidopa to 5-HTP
enhances the frequency of head twitches and confirms the
dose-dependent blocking effect of (±)-tramadol. Tramadol
is a racemic mixture of two enantiomers, each one
displaying different mechanisms of action (Codd et al.
1995). (+)-Tramadol, which inhibits preferentially 5-HT
reuptake and binds to μ-opioid receptors, reduced DOI-
induced head twitches, as the racemic form did. On the other
hand, (−)-tramadol, which preferentially inhibit noradrenaline
reuptake, induced a less potent, nonsignificant, antagonism of
the number of head twitches. From these results, we suggest
that μ-opioid receptor was involved in the effect of opiates,
especially if we bear in mind that, in agreement with previous
results (Sun et al. 2003; Marek 2003), the effects of all opiates
were blocked by naloxone.

These results agree with the positive effects found with
opiates in OCD in clinical practice (Warneke 1997).
Tramadol has shown positive effects in the treatment of
Tourette’s syndrome (Shapira et al. 1997a,b), and morphine
has shown beneficial effects in the treatment of resistant
obsessive–compulsive disorder in a placebo-controlled
double blind study (Koran et al. 2005). Recently, it has
been reported that there was a case of worsening of OCD
during methadone tapering (Khazaal et al. 2006). Further-
more, several studies have demonstrated that the symptoms
of Tourette’s syndrome can be attenuated by modulation of
the opioid system (Kurlan et al. 1991; McConville et al.
1994; Meuldijk and Colon 1992; Sandyk 1986a,b), and
some authors suggest an involvement of μ-opioid receptor
gene in OCD with tics (Urraca et al. 2004). Nevertheless,
other mechanisms than opioid may underlie the reduction
of DOI-induced head twitches, as morphine was only
effective at the highest doses tested, while tramadol, which
binds with modest affinity to the μ-opioid receptor, reduced
the head twitches from the lowest dose tested. Similarly,
methadone and levorphanol, both inhibiting the 5-HT
reuptake, reduced this behavior at all the doses tested.

Acute inhibition of 5-HT reuptake by fluvoxamine
administration increased the number of head twitches
induced nonspecifically by 5-HTP, probably by an indirect
action at 5-HT2A receptors. Along these lines, acute

inhibition of serotonin reuptake did not inhibit the specific
(DOI-induced) 5-HT2A-related behavior. These results are
consistent with reports showing that acute fluvoxamine
potentiated 5-HTP-induced head-twitch response (Pawlowski
and Melzacka 1986) and failed to modify the number of
DOI-induced shakes (Kawakami et al. 2005). Nevertheless,
SSRIs have been proved to be effective after chronic
treatment, where a reduction in 5-HT2 receptor responsiv-
ity may have occurred in animal models related to human
OCD (Nurnberg et al. 1997). Regarding clinical studies in
OCD, SSRIs also display clinical efficacy only after chronic
treatment, and it has been recently published that relapses in
OCD symptoms may not depend solely on short-term
changes in serotonin availability (Berney et al. 2006). On
the other hand, our results and other’s show that inhibition of
noradrenaline reuptake by desipramine failed to modify the
head-twitch response induced by 5-HTP (Xu et al. 2006), but
decreased that induced by DOI (Kawakami et al. 2005). An
interaction between the serotoninergic (5-HT2) and noradren-
ergic (alpha-adrenergic) systems in the modulation of com-
pulsory responding (head shakes) has been previously
suggested (Koskinen et al. 2003), possibly involving an
enhancement of noradrenergic inhibitory transmission from
the locus coeruleus nucleus to the dorsal raphe nucleus.

The atypical antipsychotic clozapine (approved for suicide
prevention in USA), have a suppressant effect on both 5-HTP
and DOI-induced head shakes, probably due to its 5-HT2A
receptor-blocking properties; consistently, naloxone did not
affect this effect. Besides, nefazodone (discontinued for
inducing hepatic failure), which inhibits 5-HT uptake both in
vivo and in vitro while antagonizing the 5-HT2A receptor
(Kent 2000; Stahl 1998), slightly (no significant) increased 5-
HTP-induced head-twitch response and reduced, dose depen-
dently, DOI-induced head-twitch response. The discrepancies
may underlie the ability of nefazodone to inhibit 5-HT
reuptake while blocking 5-HT2A receptors.

From a neurobiological perspective, specific parts of the
frontostriatal system have been reported to be altered in
patients with OCD, and changes in anatomically connected
distant regions have been reported (Lopez-Ibor Alcocer et
al. 2000; Pujol et al. 2004). In fact, cortico–striato–
thalamo-cortical circuitry seems to be dysfunctional in
OCD (Friedlander and Desrocher 2006). Similarly, tics are
believed to be a result of dysregulation of cortical–
subcortical circuitry (Graybiel and Canales 2001; Mink
2001). More specifically, tics are presumably due to failed
inhibition within cortico–striato–thalamo–cortical circuits.
Dysregulation of this circuitry, which is also involved in
opiate reward (Mangold et al. 2000), may cause a relative
lack of serotonin in the feedback loop between the thalamus
and the orbito-frontal cortex, the caudate nucleus, and
globus pallidus and produce a compensatory increase in 5-
HT2A receptor. This mechanism probably underlies the
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increase in 5-HT2A receptor binding that has been found in
the caudate nuclei of untreated patients with OCD (Adams
et al. 2005). Therefore, 5-HT2A receptors, widespread in
the central nervous system, and enriched in these regions,
are likely to be involved in the regulation of this circuitry
by clinically effective drugs. In fact, 5-HT2A/C receptor
antagonism appears to be an important feature of antipsy-
chotic and antidepressant drugs with broad pharmacological
profiles (Leysen 2004), and down-regulation of these
receptors have been implicated in the SSRI-induced relief
of OCD symptoms.

On the other hand, it has been suggested that enhanced
5-HT2 receptor activation might underlie the beneficial
action of SSRIs. Case studies have reported that the use of
hallucinogens with 5-HT2 receptor agonistic properties,
such as lysergic acid diethylamide (LSD) and psilocybin,
results in relief of OCD symptoms (Delgado and Moreno
1998), and 5-HT2A/C receptor antagonism has been
postulated to play a role in the generation of obsessive–
compulsive symptoms in patients with a psychotic disorder.
Besides, specific agonists as mCPP have been shown to
exacerbate symptoms in some OCD patients (Zohar et al.
1987), although not in all (Khanna et al. 2001), and many
hallucinogens, including LSD and phencyclidine, caused
the head-twitch response in mice (Corne et al. 1963).
Although atypical antipsychotic drugs may induce or
exacerbate OC symptoms in patients with schizophrenia, they
may also be effective as adjunctive treatment for treatment-
refractory OCD (Atmaca et al. 2002). In fact, blockade of 5-
HT2A receptors has been suggested to be an important
component of the therapeutic effects the new generation of so-
called atypical antipsychotic (Leysen 2004) effective in
augmenting SSRIs effects in OCD. On the other hand, it
remains unclear whether the atypical antipsychotics may
induce obsessive–compulsive symptoms in some patients
and over what time course (Ongur and Goff 2005).

The differential capacity of atypical antipsychotic drugs
to block 5-HT2A receptors in different regions may also
underlie the clinical discrepancies found with such drugs
(Atmaca et al. 2002; Shapira et al. 2004). In fact, atypical
antipsychotic drugs which preferentially blocked 5-HT2A
receptors have got in Europe the indication for OCD
(risperidone) and Tourette’s syndrome (risperidone, zipra-
sidone and olanzapine) (Leysen 2004). In this sense, low
doses of risperidone have clearly shown a therapeutic effect
in resistant OCD (Hollander et al. 2003). Risperidone is an
effective 5-HT2A antagonist in the medial prefrontal
cortex, but not in the orbitofrontal cortex (Bergqvist et al.
1999). Such comparative data are lacking for the other
atypical antipsychotics.

The effect of atypical opiate tramadol may also involve
5-HT2 mechanisms, as it decreases the number of 5-HT2
receptors in frontal cortex (Hopwood et al. 2001) and

inhibits 5-HT2C receptor function and the specific binding
in a competitive manner (Ogata et al. 2004). Our results,
and some obtained by others (Sun et al. 2003), demonstrate
that typical (morphine) and atypical (tramadol, methadone,
and levorphanol) opioids damp down the number of 5-
HTP-induced head twitches after acute administration in a
naloxone-reversible fashion, being atypical ones more effec-
tive. Therefore, both opioid and 5-HT2 receptors, which have
a close correspondence distribution in both the rodent and
primate neocortex, may be involved in those effects.

Head-twitches (in mice) and wet-dog shakes (in rats)
induced by drugs such as the selective 5-HT2A/2C receptor
agonist DOI and its structural analogues, were suggested to
be mediated via central 5-HT2A receptors in the medial
prefrontal cortex (Willins and Meltzer 1997), and these
models were used as an in vivo test of 5-HT2A receptor
pharmacology (Barnes and Sharp 1999). Indeed, DOI-
induced head-twitch response is completely antagonized by
ketanserin, a selective 5-HT2A receptor antagonist
(Darmani et al. 1990). Recently, it has been published that
signaling responses induced by DOI are blocked by lithium
(Basselin et al. 2005). Lithium appears to act against
obsessions and compulsions in several conditions and has
been effective in acute OCD (Swartz and Shen 1999)

The key findings of this study are: (1) atypical opiates
which enhance serotonin levels (by inhibiting its reuptake),
and also morphine, counteract both specific and nonspecific 5-
HT2A-mediated behavior. (2) Atypical opiates inhibit the
DOI-induced selective responses through an opioid mediated
mechanism. (3) A combination of 5-HT and opioid properties
results in a greater efficacy in antagonizing behaviors related
with stereotypes and compulsory responding. These results
may link with the role of opiates in mental illness and provide
behavioral support to a mechanism for convergent effects of
5-HT and opioid systems in the brain. Further pharmacologic
studies in ethologic animal models would be of interest to
dissect the complex interactive biological systems involved in
these psychiatric disorders and further explore the beneficial
effects of these opiates. Overall, atypical opiates seem to offer
the potential for therapeutic advances in stereotypes and
compulsive symptoms.
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