
Abstract The mechanism underlying the sleep-inducing
effect of oleamide, an endogenous fatty acid amide, was
studied in rats. Animals implanted with cerebrocortical
and dorsal neck muscle electrodes were monitored contin-
uously by electroencephalograph (EEG) and electromyo-
graph (EMG) for 4 h after i.p. or s.c. injection of drugs.
Oleamide induced a dose-dependent increase in slow-wave
sleep (SWS), a decrease in wakefulness (W) and sleep la-
tency, but had no effect on rapid-eye-movement sleep
(REMS). The oleamide-induced increase in SWS was
prevented by 5-HT reuptake inhibitors such as fluoxetine
or fenfluramine and by agonists at 5-HT1A receptors such
as buspirone or 8-hydroxy-2-(di-N-propylamino) tetralin 
(8-OH-DPAT). Moreover, the selective 5-HT1A receptor
antagonist WAY100635 markedly antagonized the sup-
pression of the oleamide-induced increase in SWS by 
8-OH-DPAT. These data provide the first behavioural evi-
dence that the serotonergic system may be involved in the
sleep-inducing action of oleamide in rats.
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Introduction

Oleamide (cis-9,10-octadecenoamide), a lipid isolated from
the cerebrospinal fluid of sleep-deprived cats, induces
physiological sleep in rats (Cravatt et al. 1995). Previous
studies have demonstrated the sedative and hypnotic func-
tion of oleamide. For example, peripherally administered

in rats or mice, oleamide decreases sleep latency and wake
time and increases total sleep time (Boger et al. 1998a;
Mendelson and Basile 1999; Laposky et al. 2001; Huitron-
Resendiz et al. 2001). Oleamide also potentiates the hyp-
notic action of pentobarbitone sodium in mice (Yang et al.
1999) and a behavioural response to a 5-HT2 receptor ag-
onist (Cheer et al. 1999). Although oleamide appears to
potentiate the actions of 5-HT on 5-HT2A and 5-HT2C re-
ceptors, and to act via an allosteric regulatory site on 
5-HT7 receptors in vitro, its mechanism of action is not
yet understood fully (Huidobro-Toro and Harris 1996;
Mechoulam et al. 1997; Hedlund et al. 1999).

It is well established that the sleep-wakefulness cycle
is regulated by the serotonergic system. For example, both
the 5HT reuptake inhibitor fluoxetine and the 5HT re-
leaser and uptake inhibitor fenfluramine suppress slow-
wave sleep (SWS) and rapid-eye-movement sleep (REMS),
but increase wakefulness (W) (Fornal and Radulovacki
1983a; Gao et al. 1992). Buspirone, a partial agonist at 
5-HT1A receptors, reportedly increases W and decreases
SWS and REMS in rats (Monti and Jantos 1992). 8-Hy-
droxy-2-(di-N-propylamino) tetralin (8-OH-DPAT), a full
agonist at somatodendritic and postsynaptic 5-HT1A recep-
tors, has biphasic effects on the sleep-wakefulness cycle
(Lerman et al. 1986; Monti and Jantos 1994; Monti et al.
1995). The present study was designed to investigate the
involvement of the serotonergic system in the action of
oleamide on sleep in freely moving rats. The study con-
firmed the sleep-inducing effect of oleamide and demon-
strated the influence of changes in 5-HT neurotransmis-
sion on the oleamide-induced sleep parameters in rats.

Materials and methods

Animals and surgery. Sixty male Wistar rats weighing 250–350 g
were supplied by the Experimental Animal Centre of Shenyang
Pharmaceutical University. They were kept under standard condi-
tions (environmental temperature 19±1 °C, 12:12 h light-dark cycle
with lights on at 0800 hours). Electrodes for polygraphic recording
of the electroencephalogram (EEG) and electromyogram (EMG)
were implanted (Fornal and Radulovacki 1983a) under pentobarbi-
tone sodium anaesthesia (40 mg/kg, i.p.). Four stainless-steel elec-
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trodes were inserted into the skull above the parietal cortices for
subsequent bipolar EEG recordings. Two electrodes were placed
over the left hemisphere and two other electrodes at the same posi-
tion over the right hemisphere (limb area, occipital cortex area).
For recording the EMG, two wire electrodes were inserted bilater-
ally into the dorsal neck muscles. The leads from all electrodes were
then affixed to the skull with dental cement. An antibiotic ointment
was applied to the incision before suturing to prevent scalp infec-
tion. After surgery, animals were housed in individual cages. Ex-
periments were carried out for at least 1 week after electrode im-
plantation. One day before the sleep evaluation, the rats were ha-
bituated to a cable system similar to that used in the actual record-
ing. One rat was tested at a time and all rats in a specific drug group
were tested once. In addition, animals were carefully handled at
this time to minimize the stress involved in subsequent experimen-
tal procedures, i.e. drug injection and cable attachment.

Polygraphic recording. On the day of experiment, rats were placed
in a cage and were allowed to move freely to some extent. At the
start of the recordings, rats received an injection of either saline or
drug solutions. All recordings began at 9.00 a.m. and lasted for 
4 h. Recordings were made at a chart speed of 25 mm/s using an 
8-channel EEG instrument (Nihon Kohden, Japan). The half-am-
plitude frequency response was 1–35 Hz for the EEG and 30–75 Hz
for the EMG.

Experimental protocol. Oleamide (purity better than 98%, synthe-
sized by the Department of Organic Chemistry of Shenyang Phar-
maceutical University) was dissolved in corn oil and 25, 50, 100 and
200 mg/kg oleamide were administered by i.p. injection. D,L-Fen-
fluramine hydrochloride (1 or 3 mg/kg, Huhanaki Oy Leiras, Fin-
land) or fluoxetine hydrochloride (10 or 20 mg/kg, Changzhou Phar-
maceutical Factory, China) was dissolved in saline and injected i.p.
10 min before oleamide administration. Buspirone hydrochloride
(4 or 8 mg/kg, Huatai Institute for Drug Research, Shenyang, China)
or 8-OH-DPAT (0.1 or 0.5 mg/kg, RBI, Natick, Mass., USA) was
dissolved in saline and was injected s.c. 10 min before oleamide
administration. For antagonism experiments, N-[2-(4-2-methoxy-
phenyl)-1-piperazinyl)ethyl]-N-(2-pyridynyl)cyclohexanecarboxam-
ide 3HCl (WAY 100635, 0.1 mg/kg, gift from Pharmacia, Nerviano,
Italy) was injected s.c. 20 min before 8-OH-DPAT administration.
All animal use procedures were in accordance with the Regula-
tions of Experimental Animal Administration issued by the State
Committee of Science and Technology of the People’s Republic of
China on November 14th, 1988.

Data analysis and statistics. The polygraphic results were analysed
visually and classified according to the following critia: W was
characterized by a high-frequency, low-amplitude EEG and a rela-
tively high amplitude EMG tone; SWS was a low-frequency, high-
amplitude EEG and a relatively low EMG tone; REMS was char-
acterized by a high-frequency, low-amplitude and, except for oc-
casional muscle twitches, an absence of EMG tone. The following
definitions of sleep parameters were used. SWS (Wake or REMS):
the total time of SWS (Wakefulness or REMS). Mean SWS (Wake
or REMS): mean duration of the individual SWS (Wakefulness or
REMS). The latency to SWS was defined as the time from injec-
tion to the occurrence of the first SWS episode. Results are ex-
pressed as means±SEM. All data were analysed by repeated-mea-
sures analysis of variance (ANOVA) followed by Duncan’s multi-
ple tests.

Results

Effect of oleamide on sleep

As shown in Table 1, oleamide (50, 100 or 200 mg/kg) sig-
nificantly increased the total time of SWS, the total sleep
time and the mean duration of SWS. It shortened the sleep
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latency and the total time of W with no effect on REMS.
The 100 mg/kg dose had the maximum effect on SWS, the
highest dose (200 mg/kg) did not produce any greater ef-
fect than 100 mg/kg dose.

Effects of fluoxetine and fenfluramine 
on the sleep-inducing action of oleamide

Oleamide 50 mg/kg, which produced the smallest observ-
able effect on SWS, was used to study the interactions of
oleamide with 5-HT reuptake inhibitors. As shown in
Figs. 1 and 2, both fluoxetine (20 mg/kg, i.p.) and fenflur-
amine (3 mg/kg, i.p.) significantly decreased the total time
of SWS. REMS almost disappeared after administration
of fluoxetine but did not change significantly after fenflu-
ramine (0.87±0.57 min for the corn oil-treated group,
0.70±0.10 min for the 3 mg/kg fenfluramine-treated group).
Pretreatment with fluoxetine or fenfluramine for 10 min
before administration of oleamide dose-dependently pre-

vented the increase in SWS induced by oleamide. More-
over, at their lower doses both drugs, which alone had no
effect on SWS, significantly suppressed the increase of
SWS induced by oleamide.

Effects of 5-HT1A agonists on sleep-inducing action 
of oleamide

Buspirone (4 and 8 mg/kg, s.c.) or 8-OH-DPAT (0.1 and
0.5 mg/kg, s.c.) had no significant effect on SWS and
REMS when administered alone (data not shown). As
shown in Figs. 3 and 4, however, both drugs produced a
dose-dependent decrease in SWS when given in combina-
tion with 50 mg/kg oleamide, but did not change REMS
significantly (data not shown). 8-OH-DPAT alone or given
with oleamide induced behavioural reactions of the 5-HT
syndrome in rats, including hind limb abduction and flat
body posture. This finding is consistent with other reports
(Sorensen et al. 2001).

459

Fig. 1 Effect of fluoxetine on the oleamide-induced increase of
slow-wave sleep (SWS) in rats. Animals were implanted chroni-
cally with cerebrocortical and dorsal neck muscle electrodes. Flu-
oxetine (10 or 20 mg/kg, i.p.) was administered alone or 10 min be-
fore injection 50 mg/kg oleamide. Animals were then continuously
monitored by EEG for 4 h. Means±SEM; n=6; *P<0.05, **P<0.01
vs. vehicle (corn oil); ##P<0.01 vs. oleamide (repeated-measures
ANOVA followed by Duncan’s multiple tests)

Fig. 2 Effect of fenfluramine on the oleamide-induced increase of
SWS in rats. Animals were prepared and monitored as in Fig. 1.
Fenfluramine (1 or 3 mg/kg, i.p.) was administered alone or 10 min
before injection 50 mg/kg oleamide.. Means±SEM, n=6; **P<0.01,
vs. vehicle, ##P<0.01 vs. oleamide (repeated-measures ANOVA
followed by Duncan’s multiple tests)

Fig. 3 Effect of buspirone on the oleamide-induced increase of
SWS in rats. Animals were prepared and monitored as in Fig. 1.
Buspirone (4 or 8 mg/kg, s.c.) was administered alone or 10 min
before injection 50 mg/kg oleamide. Means±SEM; n=6; **P<0.01
vs. vehicle, ##P<0.01 vs. oleamide (repeated-measures ANOVA
followed by Duncan’s multiple tests)

Fig. 4 Effect of 8-hydroxy-2-(di-N-propylamino) tetralin (8-OH-
DPAT) on the oleamide-induced increase of SWS in rats. Animals
were prepared and monitored as in Fig. 1. 8-OH-DPAT (0.1 or 
0.5 mg/kg, s.c.) was administered alone or 10 min before injec-
tion 50 mg/kg oleamide. Means±SEM; n=6; **P<0.01 vs. vehicle,
##P<0.01 vs. oleamide (repeated-measures ANOVA followed by
Duncan’s multiple tests)



Antagonistic effect of WAY100635 on the suppression 
of the oleamide-induced increase in SWS by 8-OH-DPAT

WAY100635, a selective and silent 5-HT1A receptor an-
tagonist, had no significant effect on any sleep parameter
at 0.1 mg/kg s.c., nor did it have any significant effect on
sleep parameters when given 20 min before oleamide or
8-OH-DPAT. It effectively reversed the suppression of the
oleamide-induced increase in SWS by 8-OH-DPAT, but
had no effect on REMS (data not shown) (Fig. 5).

Discussion

The present study confirms that oleamide dose-dependently
increases SWS in freely moving rats. The major finding is
that the 5-HT uptake inhibitor fluoxetine or the 5-HT up-
take inhibitor and releaser fenfluramine prevented the in-
crease of SWS induced by oleamide. In addition, the 5-HT1A
receptor agonists buspirone or 8-OH-DPAT suppressed the
oleamide-induced increase in SWS significantly, this effect
being reversed by WAY100635, an antagonist at 5-HT1A
receptors.

Both fluoxetine and fenfluramine decreased SWS and
REMS, a finding consistent with other reports (Fornal and
Radulovacki 1983a, 1983b; Nicholson and Pascoe 1988;
Gao et al. 1992). However, neither 10 mg/kg fluoxetine nor
1 mg/kg fenfluramine affected SWS when given alone, but
both antagonized the oleamide-induced increase in SWS
significantly. Fluoxetine and fenfluramine may induce the
increase of 5-HT levels at the synaptic cleft (Pastel and
Fernstrom 1987; Hyttel 1994). This increase might finally
stimulate serotonergic neurotransmission, which in turn
affects the SWS increase induced by oleamide.

However, the duration of SWS in the rats treated with
oleamide and fluoxetine or fenfluramine was still longer
than in the respective comparison groups treated with the

reuptake inhibitor only. This remaining sleep effect may be
related to the ability of oleamide to modulate 5-HT recep-
tors as reported (Huidobro-Toro and Harris 1996; Thomas
et al. 1997; Boger et al. 1998b).

Identification of multiple serotonergic receptor sub-
types and their functions on sleep-wakefulness cycle have
been reported in the literature. Administration of buspirone
(0.01–4.0 mg/kg) or 8-OH-DPAT (0.375 mg/kg) in rats in-
creases of W and reduces sleep (Lerman et al. 1986; Monti
and Jantos 1992; Monti et al. 1995), whereby the effect of
8-OH-DPAT is reversed by (–)pindolol (Monti and Jantos
1994). All these data suggest that activation of 5-HT1A re-
ceptors tends to inhibit sleep behaviour. Under our exper-
imental conditions, 8-OH-DPAT (0.1 and 0.5 mg/kg) did
not change sleep parameters significantly. Drug effects
can be influenced by many factors such as the duration of
the period over which sleep was recorded, the animal spe-
cies and potential SWS ceiling effects (Mistlberger et al.
1983). This discrepancy may be due to the sleep recording
time difference (4 h vs. 8 h) and rat strain (Sprague-Daw-
ley vs. Wistar) (Monti and Jantos 1992). Interestingly, co-
administration of buspirone or 8-OH-DPAT with oleamide
significantly inhibited the SWS increase induced by
oleamide. 8-OH-DPAT reportedly inhibits the firing activ-
ity of 5-HT neurons, leading to decreased 5-HT neurotrans-
mission (De Montigny and Blier 1984). 8-OH-DPAT thus
decreases sleep time since serotonin may have a facilitat-
ing role in sleep (Cape and Jones 1998; Sakai and Crochet
2001). Whilst perfusion of oleamide onto oocytes injected
with whole brain mouse mRNA does not elicit any mem-
brane currents, oleamide substantially and reversibly poten-
tiates currents elicited by 5-HT (Huidobro-Toro and Har-
ris 1996). Thus the reduction in the duration of SWS after
co-administration of oleamide and 8-OH-DPAT may be due
to the reduction in the levels of 5-HT and serotonergic neu-
rotransmission.

This result seems to be inconsistent with the observa-
tions with 5-HT reuptake inhibitors described above. Al-
though serotonin has been known for many years to play
a role in the modulation of sleep, just how and where
serotonin exerts this effect is in fact still unknown (Portas
et al. 2000). In the present study, the apparent inconsis-
tency is observed between inhibitory role and facilitatory
role played by serotonin on oleamide-induced sleep. At
least two possible explanations could be suggested. One
explanation is that serotonergic modulation might take
place through a multitude of post-synaptic receptors that
mediate different or even opposite responses. Oleamide re-
portedly potentiates 5-HT1A and 5-HT2 receptors or mod-
ulates 5-HT7 receptor functions (Huidobro-Toro and Harris
1996; Boger et al. 1998b; Thomas et al. 1998) under differ-
ent conditions. The other possible explanation is that the
achievement of a behavioural state induced by oleamide
may depend on the complex interaction between the sero-
tonergic and many other neurotransmitters systems. There
is substantial evidence that the GABAergic system and
cannabinoid-1 (CB1) receptors are involved in the sleep-
inducing action of oleamide (Laposky et al. 2001; Coyne
et al. 2002; Cravatt et al. 1996). Oleamide is thought to
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Fig. 5 Antagonistic effect of WAY100635 on the suppression of
the oleamide-induced increase of SWS in rats by 8-OH-DPAT.
Animals were prepared and monitored as in Fig. 1. WAY100635
(0.1 mg/kg, s.c.) was administered alone or 10 min before injection
of oleamide (50 mg/kg, i.p.), 20 min before injection of 8-OH-
DPAT (0.1 mg/kg, s.c.) or 20 min before 8-OH-DPAT then fol-
lowed by injection of oleamide 10 min later. 8-OH-DPAT was ad-
ministered alone or 10 min before oleamide. Means±SEM; n=6;
**P<0.01 vs. vehicle, ##P<0.01 vs. oleamide (repeated-measures
ANOVA followed by Duncan’s multiple tests)



potentiate GABAA receptor function and acts synergisti-
cally with sub-threshold doses of triazolam, a benzodi-
azepine derivative, to reduce sleep latency (Lees et al.
1998; Verdon et al. 2000; Mendelson and Basile 2000).
SR141716A, an antagonist at the CB1 receptor, inhibits
oleamide-induced sleep and analgesic effects (Pastel and
Fernstrom 1987; Mendelson and Basile 1999). Thus, the
current data also suggest that appropriate 5-HT neuro-
transmission is important for oleamide-induced increase
in SWS since any disruption of this system may induce its
modification.

Although WAY100635 reportedly has no effect on
oleamide-induced locomotor, analgesic, hypothermic and
anxiolytic actions (Fedorova et al. 2001), it significantly
reversed the suppression of oleamide-induced SWS in-
crease by pretreatment with 8-OH-DPAT in the present
study. This result suggests that activation of 5-HT1A recep-
tors may mediate the inhibition of oleamide-induced in-
crease in SWS in part. Potentiation of the 5-HT1A receptor
response is observed following application of 100 nM
oleamide in vitro (Boger et al. 1998b). The oleamide con-
centration in the CSF of normal rats is ~170 nM, but rises
to ~430 nM in rats deprived of sleep for 6 h or more
(Basile et al. 1999). Thus the concentrations of oleamide
in the CNS are adequate to affect the different serotonin
receptors including the 5-HT1A receptor. However, it seems
unlikely that oleamide increases SWS by direct potentia-
tion of 5-HT1A receptors, since WAY 100635 neither af-
fected SWS per se nor potentiated oleamide-induced
changes of SWS.

In the present study, the normal rats without any treat-
ment showed less SWS and REMS time than normal. The
sleep/wakefulness cycle in rats is sensitive to ambient tem-
perature. The higher the temperature, the longer the dura-
tion of SWS or REMS (Thomas and Kumar 2000; Obal et
al. 1983). The ambient temperature was about 18~20°C in
our study, this may be the important reason. Nevertheless,
since all groups in our experiments were exposed to the
same conditions the present results can be considered cred-
ible and compatible.

In conclusion, the increase of 5-HT neurotransmission
by fluoxetine or fenfluramine, or activation of 5-HT1A
receptors by buspirone or 8-OH-DPAT suppressed the
oleamide-induced increase in SWS. These data provide
the first behavioural evidence that the serotonergic system
may be involved in the sleep-inducing action of oleamide
in rats.
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