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Abstract. Recently developed agents specifically acting on 
different 5-hydroxytryptamine (5-HT) receptor populations 
were used to analyze the functional role of 5-HT2 receptor 
subtypes in the sleep-wakefulness cycle of the rat. The 
5-HT2 receptor antagonist ritanserin injected intraperitone- 
ally (IP) (0.04-2.5 mg/kg) induced an increase in deep slow 
wave sleep (SWS2) duration at the expense of wakefulness 
(W), light slow wave sleep (SWS1) and paradoxical sleep 
(PS). The stimulation of 5 - H T  2 receptors by 1-(2,5-dimeth- 
oxy-4-methylphenyl)-2-aminopropane (DOM) produced a 
dose-related increase in W and a dose-dependent decrease 
in both SWS2 and PS. Pretreatment with ritanserin 
(0.16 2.5 mg/kg) or with cinanserin (2.5-5 mg/kg), another 
5-HT2 receptor antagonist, dose-dependently reversed the 
W enhancement and the SWS2 deficit produced by DOM, 
but not the PS deficit. Sleep-wakefulness alterations (in- 
crease in W and SWS1 combined with a suppression of 
SWS2 and PS) observed after IP injection of two putative 
5-HT1 receptor agonists, 8-hydroxy-2-(di-n-propylamino) 
tetralin (8-OH-DPAT) (2.5mg/kg) and 5-methoxy-3- 
(1,2,3,6-tetrahydro-4-pyridinyl)-lH-indole (RU 24969) 
(0.63 mg/kg), were not modified by ritanserin pretreatment 
(0.16-2.5 mg/kg). These results further support the hypo- 
thesis that the serotonergic system plays an active role in 
the regulation of the sleep-wakefulness cycle in the rat and 
that 5-HT2 receptors are involved in this action. In addi- 
tion, it is suggested that 5-HT1 receptor subtypes are unlike- 
ly to interact with 5-HT2 receptors in the sleep-wakefulness 
modulation mediated through 5-HT2 receptors. 
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Serotonergic mechanisms underlying the control of the 
sleep-wakefulness cycle have been extensively investigated. 
Historically, brain serotonin has been associated with the 
initiation and maintenance of sleep (Jouvet 1969). However, 
electrophysiological experiments on dorsal raphe nucleus 
unit activity (McGinty and Harper 1976; Trulson and Ja- 
cobs 1979) and studies on serotonin release during the sleep- 
wakefulness cycle (Cespuglio et al. 1979; Pnizillout et al. 
1979) have produced results which are inconsistent with 
this model. Recently, Jouvet (1983) proposed that serotonin 
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released as a neurotransmitter during waking might also 
act as a neurohormone by inducing the synthesis and/or 
the liberation of hypnogenic factors. 

In accordance with a direct role of serotonin in sleep 
triggering, the serotonin antagonists metergoline, methio- 
thepine and methysergide have been reported to reduce 
both slow wave sleep (SWS) and paradoxical sleep (PS) 
in cats (Radulovacki 1982; Sallanon et al. 1982), and to 
have different sleep suppressing effects in rats (Fuxe and 
Kiianmaa 1978; Adrien et al. 1980; Laguzzi 1981). How- 
ever, there seems to be a contradiction between data ob- 
tained in animals and clinical results. Methysergide reduces 
rapid eye movement (REM) sleep and stage 4 but increases 
stage 3 in humans (Mendelson et al. 1975). Sandoz FQ27- 
096 and FU29-245, which have been reported to display 
serotonin receptor blocking properties, increase SWS in hu- 
man volunteers (Spiegel 1981 ; Oswald et al. 1982). On the 
other hand, systemic administration of the serotonin-mi- 
metic quipazine also results in SWS and PS suppression 
in rats (Fornal and Radulovacki 1981). However, these 
compounds are relatively non-specific: methiothepine and 
metergoline have mixed serotonin/dopamine activities (En- 
jalbert etal. 1978; Hamon et al. 1981) and methysergide 
and metergoline have serotonin antagonistic/agonistic 
properties (Kehr 1977; Bourgoin et al. 1978). Therefore, 
it is difficult to draw definitive conclusions from experi- 
ments using these pharmacological tools. 

In the last decade, identification and classification of 
multiple 5-hydroxytryptamine (5-HT) receptor subtypes 
(5-HT1A, 5-HTI~, 5-HT2) (Leysen et al. 1978; Peroutka 
and Snyder 1979; Pedigo et al. 1981) and the availability 
of drugs which selectively stimulate or block a given recep- 
tor site (see Bradley et al. 1986), have led to the hypothesis 
that each receptor subtype is differently involved in the 
regulation of physiological processes mediated by serotonin 
(see Conn and Sanders-Bush 1987). It has been recently 
shown that a specific serotonin antagonist at central 5-HT2 
receptors, ritanserin (Leysen et al. 1985), substantially in- 
creases SWS (stages 3 and 4) in human volunteers (Claren- 
bach et al. 1986; Idzikowski et al. 1986; Declerck et al. 
1987) and in dysthymic patients (Paiva et al. 1988). This 
effect persisted during at least 2 weeks of chronic treatment 
(Idzikowski et al. 1987). 

In an attempt to clarify whether 5-HT2 receptors have 
a specific role in the modulation of sleep, sleep-wakefulness 
patterns were analyzed in rats after pharmacological block- 
ade and/or stimulation of these receptors by ritanserin and 



the preferential 5-HT 2 receptor agonist l-(2,5-dimethoxy-4- 
methyiphenyl)-2-aminopropane (DOM) (Shannon et al. 
1984). In addition, the interactions between ritanserin and 
two putative 5-HT1 receptor agonists 8-hydroxy-2-(di-n- 
propylamino)tetralin (8-OH-DPAT), and 5-methoxy-3- 
(1,2,3,6-tetrahydro-4-pyridinyl)-I H-indole (RU 24969), 
suggested to bind on 5-HT~A (Middlemiss and Fozard 1983) 
and 5-HT1B (Sills et al. 1984) sites, respectively, were exam- 
ined. 

Materials and methods 

Implantation procedure. A total of 37 male adult Wistar 
rats weighing 250 to 300 g were used in this study. 

Under pentobarbital anesthesia [50 mg/kg injected in- 
traperitoneally (IP)] electrodes for standard polygraphic 
monitoring were implanted. Electrodes were positioned on 
the frontal and parietal cortices, subcutaneously on each 
side of the orbit, and in the neck muscles. After surgery, 
the animals were housed in individual sound proof record- 
ing cages, maintained at a temperature of 22+- 2 ~ C with 
free access to food and water and in a 12 h light-dark sched- 
ule (light on 9:30 a.m.). 

Recording procedure. At the end of an 8-10-day recovery 
period from surgery and habituation to the environment, 
polygraphic recordings were started. The animals were con- 
nected by a cable to a rotating connector for polygraphic 
recordings of electroencephalogram, electro-oculogram and 
electromyogram. 

The polygraphic activities were recorded on paper with 
a speed of 6 mm/s. Each 25-s epoch was visually classified 
as being wakefulness (W), light slow wave sleep (SWS1), 
deep slow wave sleep (SWS2) or paradoxical sleep (PS), 
using the criteria of Michel et al. (1961). The scores were 
entered into a computer (Hewlett-Packard 9816) which 
plotted the hypnograms and calculated the different sleep- 
wakefulness parameters (amount of timespent in these four 
states, number and duration of episodes for each state, 
SWS1, SWS2 and PS latencies). 

Pharmacological procedure. The different pharmacological 
protocols (drug treatments, times of injection, doses used) 
are summarized in Table 1. Ritanserin was dissolved in 
1 mM tartaric acid. DOM, cinanserin, 8-OH-DPAT and 
RU 24969 were dissolved in distilled water. All drugs were 
injected IP in a volume of 4 ml/kg body weight. Each rat 
never received the same dose of a drug more than once, 
except for the vehicle of ritanserin and saline which were 
injected three times. A minimum of 3 recovery days were 
allowed between two treatments. 

Data analysis. Sleep-wakefulness parameters were analyzed 
for each of the two successive 4-h periods following the 
last injection and compared to baseline (vehicle injection 
under the same conditions). The amounts of the different 
states of vigilance were expressed in minutes and as per 
cent of baseline recordings which represent means of three 
baseline values per animal. In these conditions each rat 
was considered as its own control. Statistical tests were 
performed by means of the two-tailed Student t test. In 
addition, linear regression was calculated for drug dose- 
response effects. 
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Table 1. Summary of the different pharmacological protocols per- 
formed in this study. All compounds were administered intraperito- 
neally (IP). When the rats received two drugs in conrbination, a 
30-rain interval was allowed between the two treatments 

Pharmacological Time Dose range Num- Num- 
treatment IP ber of ber of 

injection tests rats 

5-HT2 antagonist injected alone 
Ritanserin 9: 30 0.04-2.5 mg/kg 65 11 

5-HT2 agonist injected alone 

DOM 9:30 0.16-2.5 mg/kg 24 4 

5-HT2 antagonists and 5-HT2 agonist in combination 
Ritanserin 9 : 00 0.16-2.5 mg/kg 42 6 
+ DOM 9 30 0.63 mg/kg 
Cinanserin 9: 00 2.5-5 mg/kg 24 4 
+DOM 9:30 0.63 mg/kg 

5-HT2 antagonist and 5-HT1 agonists in combination 
Ritanserin 9:00 0.16-2.5 mg/kg 46 7 
+ 8-OH-DPAT 9: 30 2.5 mg/kg 
Ritanserin 9:00 0.16-2.5 mg/kg 35 5 
+RU 24969 9:30 0.63 mg/kg 

Results 

Dose-response effects of ritanserin 

Ritanserin injected at the onset of the light period (9:30 
a.m.) induced sleep-wakefulness modifications shown in 
Fig. 1. 

Doses of 0.04 and 0.16 mg/kg produced no major effects 
on sleep-wakefulness patterns. At the dose of 0.63 mg/kg, 
ritanserin significantly increased SWS2 for 8 h. In the first 
4 h following the treatment, the mean duration of SWS2 
episodes was increased (7.2+-0.4rain, P<0.001 versus 
4.1 +_0.2 rain as the baseline value), whereas the number 
of episodes was reduced (23 +- 1, P<0.001 versus 34+_ 1 as 
the baseline value). Concurrently, a significant decrease in 
W, SWS1 and PS was observed in the first 4-h period. 
PS reduction persisted into the second 4-h period. For each 
of these states the number of episodes was decreased while 
their mean duration tended to be increased. At the highest 
dose tested (2.5 mg/kg), the SWS2 increasing effect of ritan- 
serin was less pronounced. The PS deficit was accentuated 
while no significant changes were observed in the amounts 
of W and SWS1. The SWS1 and SWS2 latencies were un- 
changed for all the doses of ritansefin tested. The latency 
for the first episode of PS was dose-dependently increased 
from the dose of 0.04 mg/kg upwards (136.1+_18.1 min, 
P<O.05 to 188.8+ 15.5 rain, P<O.O01 versus 97.5+-9.2 rain 
as the baseline value). 

Dose-response effects of DOM 

The administration of DOM (from 0.16 to 2.5 mg/kg) at 
the beginning of the light period was followed by a dose- 
related deficit in both SWS2 and PS during the first 4-h 
period (Fig. 2). This was due to a decrease in the number 
of episodes and of their mean duration. Concomitantly, 
W was dose-dependently increased from the dose of 
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Fig. 1. Dose-response effects of ritanserin on sleep-wakefulness 
states in rats during the two 4-h periods following the treatment. 
Mean values 4-SEM of 8-11 animals were expressed as per cent 
of baseline (vehicle injection under the same conditions). W wake- 
fulness; SWS1 light slow wave sleep; SWS2 deep slow wave sleep; 
PS paradoxical sleep. *P<0.05, **P<0.0I,  ***P<0.001 (two- 
tailed Student-t-test) as compared to baseline 
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Fig. 2. Dose-response effects of DOM on sleep-wakefulness states 
in rats during the first 4-h period following the treatment. Mean 
values 4- SEM of four animals were expressed as per cent of base- 
line (vehicle injection under the same conditions). W wakefulness; 
SWS1 light slow wave sleep; SWS2 deep slow wave sleep; PS 
paradoxical sleep. Linear regression (r = regression coefficient) was 
calculated for drug close-response effects on W, SWS2 and PS 

0.16 mg/kg upwards  (Fig. 2). The number  of  W episodes 
was not  modif ied bu t  their mean dura t ion  was enhanced.  
SWS1 amounts  were unaffected by all the doses of  D O M  
tested. In the second 4-h per iod the amounts  o f  the different 
states o f  vigilance re turned to baseline values, except PS 
which remained reduced with doses o f  0.63 ( - - 4 2 % ,  P <  
0.01) and 2.5 mg/kg ( - - 4 4 % ,  P<0 .05 ) .  SWS1, SWS2 and 
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Fig. 3. Dose-response effects of ritanserin on sleep-wakefulness 
states in DOM-treated rats (0.63 mg/kg 1P) during the first 4-h 
period following the treatment. Mean values 4- SEM of six animals 
were expressed as per cent of baseline (vehicle injection under the 
same conditions). W wakefulness; SWS1 light slow wave sleep; 
SWS2 deep slow wave sleep; PS, paradoxical sleep. Linear regres- 
sion ( r= regression coefficient) was calculated for drug dose-re- 
sponse effects on W and SWS2. Two-tailed Student-t-test was per- 
formed for effects on SWSI and PS **P<0.01, ***P<0.001 as 
compared to baseline 

PS latencies were pro longed in a dose-dependent  manner  
(SWS1 latency: 20.7 4- 8.8 min, P < 0.05 and 
109.64-16.5 min, P <  0.001 versus 7.24-1.6 rain; SWS2 la- 
tency: 50.3 4- 6.0 min, P < 0 . 0 1  and 156 .4_4 .8 ra in ,  P <  
0.001 versus 21.84-2.8 rain; PS latency: 120.3-t-15.3 min, 
NS and 253.34-4.0 rain, P < 0 . 0 1  versus 82.54-17.6 min for 
0.16, 2.5 mg/kg and baseline, respectively). 

Effects o f  ritanserin combined with D O M  

In a first group of  rats t reated with the 5-HT2 receptor  
agonist  D O M ,  dose-response effects of  the 5-HT2 receptor  
antagonis t  r i tanserin were examined. The results are pres- 
ented in Fig. 3. The adminis t ra t ion of  D O M  (0.63 mg/kg) 
in rats pre t reated with the vehicle of  r i tanserin produced  
similar effects to those obtained in the experiment where 
the dose-response curve o f  D O M  was investigated. In the 
first 4-h period,  SWS2 and PS amounts  were significantly 
reduced, W was markedly  increased whereas SWSI was 
not  altered. The pre t rea tment  with ri tanserin (0.16-2.5 rag/ 
kg) prevented the DOM-induced  SWS2 deficit and W en- 
hancement  in a dose-dependent  manner.  This occurred 
from the dose of  0.16 mg/kg ritanserin,  a dose which by 
itself had no effect on sleep-wakefulness patterns.  Complete  
antagonism was obta ined at the dose of  0.63 mg/kg ri tan- 
serin. In  contrast ,  r i tanserin did not  modify  the PS deficit 
p roduced  by DOM.  Dur ing  the second 4-h period,  PS 
amounts  remained lower than control  values and in the 
same range for all the doses o f  r i tanserin tested (PS was 
reduced by about  30%). SWS1 and SWS2 latencies, which 
were enhanced after D O M ,  progressively decreased towards  
control  values with increasing doses of  r i tanserin (Table 
2). The latency of  the first PS episode was delayed following 
D O M  injection, and was not  modif ied by the pre t reatment  
with ri tanserin (Table 2). 

Effects o f  cinanserin combined with D O M  

In order  to know whether 5-HTz receptor  antagonists  with 
differing chemical structure, affinity and profile, affect the 



Table 2. Dose-response effects of ritanserin on light slow wave 
sleep (SWS1), deep slow wave sleep (SWS2) and paradoxical sleep 
(PS) latencies in DOM-treated rats (0.63 mg/kg IP)~ Mean values 
+ SEM of six animals were expressed in minutes 

Ritanserin (mg/kg IP) 
in DOM-treated rats (0.63 mg/kg IP) 

Baseline 0 0.16 0.63 2.5 

SWS1 7.2 58.8 29.0 16.9 13.4 
latency -+1 .1  -+14.7" -+7.5* -+3.7* -+1.9" 

SWS2 26.8 109.7 62.9 34.1 33.4 
latency +2.9 -t-6.3"** -+11.5" -+4.1 -+6.7 

PS 98.1 222.9 194.7 233.5 218.9 
latency _ + 3 . 6  -+29.6** +41.3" _+21.3"* -+50.2* 

*P<0.05, **P<0.01, ***P<0.001 (two-tailed Student-t-test) as 
compared to baseline (vehicle injection under the same conditions) 
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Fig. 4. Dose-response effects of cinanserin on sleep-wakefulness 
states in DOM-treated rats (0.63 mg/kg IP) during the first 4-h 
period following the treatment. Mean values _+SEM of four ani- 
mals were expressed as per cent of baseline (vehicle injection under 
the same conditions). W wakefulness; SWS1 light slow wave sleep; 
SWS2 deep slow wave sleep; PS paradoxical sleep. Linear regres- 
sion (r=regression coefficient) was calculated for drug dose-re- 
sponse effects on W, SWS2 and PS 

sleep-wakefulness states in a similar way, a second group 
o f  rats underwent  the same pharmacologicaI  procedure  with 
cinanserin, another  5-HT2 receptor antagonis t  (Leysen 
et al. 1981). Cinanserin alone was previously tested in these 
animals. Adminis t ra t ion  of  2.5 mg/kg cinanserin had no 
significant effect on sleep-wakefulness patterns,  but  at a 
higher dose (5 mg/kg) PS dropped  by 40% (P<0.001)  dur-  
ing 8 h (not shown). In combinat ion  with D O M  (0.63 mg/ 
kg) cinanserin dose-dependent ly  prevented the decrease of  
SWS2 and the increase of  W due to the 5-HT2 receptor  
agonist  (Fig. 4). The lowest effective dose o f  cinanserin for 
antagonizing the SWS2 deficit and the W enhancement  was 
2.5 mg/kg and complete antagonism was obtained at the 
dose of  5 mg/kg. PS deficit produced by D O M  was less 
pronounced  after pre t reatment  with cinanserin, though PS 
amounts  remained substantial ly reduced (Fig. 4). 

Effects o f  ritanserin combined with 8-OH-DPA T and 
R U 24969 

Dose-response effects of  the 5-HT2 receptor  antagonist  ri- 
tanserin were analyzed in rats  t reated with two different 
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Table 3. Dose-response effects of ritanserin on sleep and wakeful- 
ness duration in 8-OH-DPAT-treated rats (2.5 mg/kg IP) during 
the first 4-h period following the treatment. Mean values -+SEM 
of 5-7 animals were expressed in minutes 

Ritanserin (mg/kg IP) 
in 8-OH-DPAT-treated rats (2.5 mg/kg IP) 

Baseline 0 0.16 0.63 2.5 

W 71.5 128.4 113.1 112.3 114.7 
+5.6 -+7.3*** -+11.0"* -+15.3" +11.6" 

SWSI 30.7 46.1 52.9 51.1 47.1 
+2.2 3-2.4*** -+5.7** +6.2* -t-1.6"* 

SWS2 128.0 64.9 73.1 75.8 77.8 
-+4.8 _+7.1"** -+8.5*** +17.2" _+11.7" 

PS 9.8 0.6 1.0 0.8 0.4 
__+2.1 • +1.0"* -+0.8* _+0.4* 

W, wakefulness; SWS1 light slow wave sleep; SWS2 deep slow 
wave sleep; PS paradoxical sleep 
*P<0.05, **P<0.01, ***P<0.001 (two-tailed Student-t-test)as 
compared to baseline (vehicle injection under the same conditions) 

Table 4. Dose-response effects of ritanserin on sleep and wakeful- 
ness duration in RU 24969-treated rats (0.63 mg/kg 1P) during the 
first 4-h period following the treatment. Mean values -t-SEM of 
five animals were expressed in minutes 

Ritanserin (mg/kg IP) 
in RU24969-treated rats (0.63 mg/kg IP) 

Baseline 0 0.16 0.63 2.5 

W 

SWS1 

SWS2 

PS 

63.9 124.6 121.3 103.8 123.1 
+3.5 _+18.5" _+17.5" +I4 .1"  -/-21.i* 

26.2 35.7 42.6 52.9 47.1 
+3.1 -+7.2 -+9.0 +2.5** -+5.7 

136_8 79.7 76.1 83.3 69.8 
+6.0 -+11.5"* -+10.6"** +14.7" +16.4"* 

13.1 0 0 0 0 
-+1.3 

W, wakefulness; SWS1 light slow wave sleep; SWS2 deep slow 
wave sleep; PS paradoxical sleep 
*P<0.05, **P<0.0I,  ***P<0.001 (two-tailed Student-t-test)as 
compared to baseline (vehicle injection under the same conditions) 

5-HT1 receptor  agonists. As i l lustrated in Tables 3 and 4, 
the adminis t ra t ion of  8 -OH-DPAT (2.Smg/kg)  and 
R U  24969 (0.63 mg/kg) induced a significant decrease of  
SWS2 and a concomitant  increase of  W and SWS1 during 
the first 4-h period following treatment.  PS was markedly  
decreased after  8 - O H - D P A T  (Table 3) and completely sup- 
pressed after R U  24969 (Table 4). The sleep-wakefulness 
architecture showed a reduction in state transfers, consis- 
tent with a decrease in the nmnber  of  all episodes and an 
increase in their mean durat ion.  In  the second 4-h per iod 
the amounts  of  the different states o f  vigilance returned 
to control  values, except PS which was still abolished in 
R U  24969-treated rats. Pre t reatment  with ri tanserin 
(0.16-2.5 mg/kg) did not  modify  the sleep-wakefulness al- 
terations produced by 8 -OH-DPAT (Table 3) and 
R U  24969 (Table 4). The amounts  of  t ime spent in the dif- 
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ferent sleep-wakefulness states remained in the same range 
for all the tested doses of ritanserin. 

Discussion 

Using compounds which interact at different serotonin 
binding sites, the present study investigated the functional 
role of 5-HT2 receptors in the modulation of the sleep- 
wakefulness cycle of the rat. 

Ritanserin appears to be a selective and potent 5-HT2 
receptor antagonist which easily crosses the blood-brain 
barrier, since a low dose (0.08 mg/kg) injected subcutane- 
ously produces a 50% 5-HT2 receptor occupation in the 
frontal cortex in ex vivo and in vivo binding experiments 
in the rat (Leysen et al. 1985). Thus, sleep-wakefulness 
modifications can be attributed to a central action of ritan- 
serin. In agreement with preliminary data obtained in the 
rat (Dugovic and Wauquier 1987), systemic administration 
of moderate doses of ritanserin increased SWS2 at the ex- 
pense of W, SWS1 and PS (Fig. 1). Although the number 
of episodes was significantly reduced in all the states of 
vigilance, the marked prolongation of SWS2 episodes led 
to an increase in the amounts of SWS2, whereas the de- 
crease in the number of W, SWS1 and PS episodes, asso- 
ciated with only a slight increase in their mean duration, 
resulted in a reduction of the time spent in these states. 
This suggests that ritanserin alters sleep-wakefulness main- 
tenance and has probably no direct sleep-inducing action. 
This hypothesis is reinforced by the fact that the SWS la- 
tency was not changed. The most pronounced effects were 
observed at the dose of 0.63 mg/kg, which occupies more 
than 80% of frontal cortical 5-HT2 sites for 6 h (Leysen 
et al. 1985). At a higher dose (2.5 mg/kg), it cannot be ex- 
cluded that, despite a more than 90% inhibition of 5-HT2 
receptor labeling, a histaminergic component could be in- 
volved since a 60% inhibition of histamine-H1 receptor is 
observed at this dose in ex vivo binding experiments in 
guinea-pig brain. Nevertheless, ritanserin exhibits a 50-fold 
higher affinity for 5-HT2 receptors than for the histamine- 
H1 receptor (Leysen et al. 1985). 

It could be argued that ritanserin may also modulate 
sleep-wakefulness patterns indirectly via effects on blood 
pressure or on body temperature. However, the compound 
does not reduce blood pressure following acute or chronic 
administration in spontaneously hypertensive rats (Gradin 
et al. 1985) and in patients with essential hypertension 
(Hedner et al. 1987). Also, ritanserin fails to antagonize 
serotonin-induced hypothermia (Colpaert et al. 1985) and 
does not alter locomotor activity at doses up to 40 mg/kg 
(Awouters et al. 1988) in rats. 

An interesting point is that the SWS2-increasing effect 
of ritanserin in the rat is consistent with the reported clinical 
findings that the drug promotes stages 3 and 4 in human 
volunteers (Clarenbach et al. 1986; Idzikowski et al. 1986; 
Declerck et al. 1987). On the other hand, the decrease in 
PS amounts in the rat under ritanserin treatment apparently 
contrasts with the absence of effects on REM sleep observed 
in humans. Doses and species differences in the affinity 
for 5-HT2 receptors could account for the different results. 

The stimulation of the same receptors by using the selec- 
tive 5-HT2 receptor agonist DOM (Shannon et al. 1984) 
produced opposite effects on W and SWS2 to those ob- 
tained with ritanserin. Indeed, DOM dose-dependently in- 
creased W and decreased SWS2 (Fig. 2). This is in accord- 

ance with the reported finding that DOM elicitates hyper- 
activity which is associated with an activation of the EEG 
in rats, cats and rabbits (Florio et al. 1969). A dose-related 
PS deficit was also observed (Fig. 2), which seems to be 
a common response to the stimulation or the blockade of 
5-HT2 receptors. With regard to other binding sites, DOM 
has a 30-fold selectivity for 5-HT2 sites as compared with 
5-HT1 sites (Shannon et al. 1984), but it is only 10-fold 
more selective for 5-HTz receptors than adrenergic-e2 re- 
ceptors (Leysen 1988). It is possible that an adrenergic-c~2 
effect of DOM would have an activating influence and me- 
diate the effect on PS. Indeed, the administration of the 
adrenergic-~2 agonist clonidine is followed by a PS inhibi- 
tion in rats, cats and humans (see Gaillard 1983). 

The fact that ritanserin clearly manifested a dose-related 
antagonism of the DOM-induced W enhancement and 
SWS2 deficit (Fig. 3) is consistent with a role for 5-HT2 
receptors in the modulation of W and SWS2. Also, the 
selective 5-HT2 receptor antagonist cinanserin (Leysen et al. 
1981) dose-dependently prevented these effects of DOM 
(Fig. 4). However, cinanserin alone failed to alter the 
amount of W and SWS2. Apart from the fact that cinan- 
serin and ritanserin come from different chemical series, 
it is noteworthy that cinanserin has a 7-fold lower affinity 
for the 5-HT2 receptor. The restricted dose range presently 
studied may have been below the threshold for intrinsic 
effects of cinanserin on W and SWS2. At the highest dose 
tested (5 mg/kg) a small but non-significant increase in 
SWS2 was seen. Higher doses may therefore have similar 
effects to ritanserin. On the other hand, an interaction with 
histamine-Hi-related mechanisms could be considered, 
even though DOM as well as cinanserin show very low 
affinity for the histamine-H1 receptor (Leysen 1988). It 
would be interesting to examine whether ritanserin counter- 
acts the effects of a histamine-H1 agonist on sleep and 
wakefulness. 

The involvement of 5-HT2 receptors in PS is less clear. 
DOM induced a PS deficit which was neither potentiated 
nor antagonized by ritanserin pretreatment (Fig. 3) and was 
only partially antagonized by cinanserin pretreatment 
(Fig. 4). This makes it possible that 5-HT2 receptors are 
not directly implicated in regulating PS mechanism. How- 
ever, in neonatal and juvenile rats treated with ritanserin, 
all the sleep-wakefulness states return to control values after 
administering the 5-HT2 receptor agonist (1-(2,5-dimeth- 
yoxyphenyl-4-bromo)-2-aminopropane (DOB) (Titeler 
et al. 1985) instead of DOM (Davenne et al. 1988). The 
fact that DOB exhibits a higher affinity for 5-HT2 receptors 
than DOM (Shannon et al. 1984) could account for the 
discrepancy observed between DOM and DOB in PS ef- 
fects. On the other hand, most of drugs which alter sero- 
tonin-mediated transmission reduce PS. Thus, even though 
5-HT2 receptor antagonists delay the onset of PS at lower 
doses than those increasing SWS2, it is difficult to accept 
that PS alterations are a primary consequence of 5-HT2 
receptor blockade. Changes in PS amount after serotonergic 
drugs may also result from indirect interactions with the 
noradrenergic system, which plays an important role in PS 
regulation (Jouvet 1969). 

In the next phase of this study, tests with putative 5-HT 
receptor agonists in combination with ritanserin were con- 
ducted in order to investigate a possible interaction between 
5-HTa and 5-HTz receptor sites in modulating sleep-wake- 
fulness patterns. 8-OH-DPAT and RU 24969 are serotonin 
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agonists that  display a preferential  affinity for 5-HT1A 
(Middlemiss and Foza rd  1983) and 5-HTIB (Sills et al. 
1984) sites, respectively. Both compounds  induced a sub- 
stantial increase in W and SWS1 at the expense of  SWS2 
and PS (Tables 3 and 4). These da ta  confirm results ob- 
served by Dzoljic et al. (1987) and by Depoor tere  and Riou-  
Merle (1988) in rats. As sleep-wakefulness al terations pro-  
duced by 8 -OH-DPAT and R U  24969 were not  changed 
by ri tanserin pre t reatment  (Tables 3 and 4), it may  be hy- 
pothesized that  5-HT1 receptors are not  involved in the 
expression of  5-HT2 receptor-mediated modula t ion  of  
sleep-wakefulness patterns.  However,  we should be cautious 
in interpret ing these results. First ,  adminis t ra t ion of  8-OH- 
D P A T  or R U  24969 in rats produces  behavioural  changes 
including hyper locomot ion  that  have been proposed  to re- 
flect act ivat ion of  the 5-HT~ receptor  (Green et al. 1984; 
Tr icklebank et al. 1984). This behavioural  response could 
have contr ibuted to the increase in W observed with these 
drugs and is p robab ly  resistant to b lockade  by ritanserin. 
Second, on the basis of  recent biochemical  da ta  it has been 
suggested that  the 5-HT1A receptor  is located on both  pre- 
and postsynapt ic  sites in rat  bra in  (Gozlan et al. 1983) and 
that  either the 5-HT1A or the 5-HTIB receptor  is involved 
in the control  of  serotonin release (see Conn and Sanders- 
Bush 1987). Also,  8 - O H - D P A T  can act as an antagonis t  
of  serotonin in ra t  h ippocampus  (Colino and Halliwell 
1986). In addit ion,  since an antagonis t  to either 8-OH- 
D P A T  or R U  24969 is not  available (Bradley et al. 1986), 
it is premature  to precisely define the functional  role of  
5-HT1 sites in sleep-wakefulness regulation. 

In  conclusion, the present work  further supports  the 
proposi t ion  that  the serotonergic system plays an impor tan t  
role in the maintenance of  the sleep-wakefulness cycle and 
demonstrates  that  5-HT2 receptors are functionally in- 
volved. A relat ionship between the functional  state of  
5-HT1 receptor  subtypes and the states of  vigilance may  
also exist. However,  5-HT1 receptors do not  interact with 
5-HT 2 receptors in the sleep-wakefulness modula t ion  me- 
diated through 5-HT2 receptors. 
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