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MONTI, J. M., H. JANTOS, R. SILVEIRA, M. REYES-PARADA AND C. SCORZA. Sleep and waking in 5,7-
DHT-lesioned or (— )-pindolol-pretreated rats after administration of buspirone, ipsapirone, or gepirone. PHARMACOL
BIOCHEM BEHAV 52(2) 305-312, 1995. —The effects of partial 5-HT,, receptor agonists buspirone (0.010-4.0 mg/kg),
ipsapirone (0.010-6.0 mg/kg), and gepirone (0.025-4.0 mg/kg) on sleep and waking were studied in vehicle-treated and
5,7-dihydroxytryptamine (5,7-DHT)-injected rats. 5,7-DHT-treated animals showed a marked and significant serotonin and
5-HIAA depletion in the raphe regions of the pons and upper brain stem, cerebral cortex, hippocampus, and striatum.
Subcutaneous administration of the partial agonists to both the vehicle-infused and the 5,7-DHT-treated animals significantly
increased waking (W) and reduced light sleep (LS), slow-wave sleep (SWS), and REM sleep (REMS). Pretreatment with
(—)-pindolol (2.0 mg/kg) reversed the effects of buspirone and gepirone on W and non-REM sleep (LS + SWS) whereas
REMS remained suppressed. (—)-Pindolol failed to reverse the effects of ipsapirone on sleep and W. The present results tend
to indicate that increased W after acute administration of buspirone, ipsapirone, or gepirone depends upon the activation of
postsynaptic 5-HT,, receptors. The well-known anxiolytic action observed after chronic administration of the azapirones

seems to be related to mechanisms other that these involved in their stimulant effect.
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ON THE basis of operational, structural, and transductional
criteria, a new nomenclature for 5-HT receptors has been pro-
posed (16). In this respect, the 5-HT, receptor subtype was
subdivided into 5 different subsets that differ in their bio-
chemical and pharmacological characteristics, and have been
termed 5-HT,,, 5-HT,5, S-HT,p, 5-HT,;, and 5-HT . The
5-HT,¢ receptor, widely accepted as a S-HT, receptor subtype,
is now referred to as the 5-HT, site.

The 5-HT,, receptor is found in structures belonging to
the limbic system, including the hippocampus, septal nuclei,

amygdala, and enthorhinal cortex, and in the dorsal and me-
dian raphe (37). 5-HT,, receptors in the raphe nuclei act as
somatodendritic autoreceptors regulating the firing of sero-
tonergic neurons. On the other hand, 5-HT,, receptors located
in limbic structures function as postsynaptic receptors. Selec-
tive serotonergic lesions using 5,7-dihydroxytryptamine (5,7-
DHT) induce a marked decrease of autoreceptor density while
postsynaptic sites remain intact (36). A number of selective
agonists for the 5-HT,, receptor are available. They include 8-
hydroxy-2-(di-n-propylamino) tetralin (8-OH-DPAT), which
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acts as full agonist at somatodendritic and postsynaptic sites,
and the azapirones buspirone, ipsapirone, and gepirone,
which function as full agonists at 5S-HT,, autoreceptors, and,
depending on the paradigm used, either show partial agonist
activity or virtually full antagonistic activity at postsynaptic
5-HT,, receptors (8,9). The affinity values of buspirone, ip-
sapirone, and gepirone for the 5-HT,, receptor (K| in nM) do
not differ considerably, amounting to 15, 5.5, and 26 nM,
respectively (25). The K;s of buspirone, ipsapirone, and gepir-
one at D, receptor are 42, 420 and 560 nM, respectively (25),
which tends to support the proposal that buspirone, through a
presynaptic antagonist action on dopaminergic neurotrans-
mission, might impact several behavioral paradigms (33).

The B-adrenoceptor antagonist pindolol, which blocks
both pre- and postsynaptic 5-HT,, and 5-HT, receptors, has
been shown to antagonize the 8-OH-DPAT-induced behav-
ioral syndrome in the rat (17,30). An enantiomeric selectiv-
ity has been noted, with the most potent compound associated
with the (—) sign of optical rotation (14,15). Moreover, results
of binding studies have shown that affinity values of (—)-
pindolol for 5-HT,, and 5-HT,; receptor subtypes (pK val-
ues) are almost similar, amounting to 7.71 and 7.75, respec-
tively (13).

Studies aimed at determining the role of 5-HT,, receptor
on sleep and waking (W) have shown 8-OH-DPAT to induce
biphasic effects such that a low dose (0.010 mg/kg) reduced
W and increased slow wave sleep (SWS) whereas a higher dose
(0.375 mg/kg) induced opposite effects. REM sleep (REMS)
was decreased over the whole range of doses given (22,23).
Intraventricular administration of the neurotoxin 5,7-DHT re-
sulted in lasting damage of presynaptic 5-HT structures and in
the suppression of the low-dose 8-OH-DPAT-induced increase
of SWS and reduction of W. On the other hand, the large-dose
8-OH-DPAT-induced increase of W and decrease of SWS was
still present, thus suggesting their dependence on postsynaptic
5-HT,, receptors (24).

Concerning the azapirones, buspirone (3.0-10.0 mg/kg)
has been shown to increase total wake time and to decrease
non-REM sleep and REMS in rats (18). In a preliminary
study, ipsapirone (1.0-3.0 mg/kg) was shown to increase W
and to reduce REMS. The effects of ipsapirone persisted after
infusion of the neurotoxin 5,7-DHT into the dorsal raphe
nucleus, thus suggesting the involvement of postsynaptic 5-
HT,, receptors (35).

The present study was designed to gain further insight into
the mechanisms involved in the action of the azapirones
buspirone, ipsapirone, and gepirone on sleep and W. To this
purpose, the compounds were given over a wide range of dos-
ages to rats pretreated with (—)-pindolol or selectively de-
pleted of serotonin from central regions after administration
of the neurotoxin 5,7-DHT.

METHOD
Animals

Male Wistar rats (School of Medicine Breeding Labora-
tories, Montevideo, Uruguay) weighing 320-350 g were im-
planted under general anesthesia (sodium pentobarbital 40.0
mg/kg) with Nichrome electrodes (200 um diameter) for
chronic sleep recording from frontal and occipital cortex and
from dorsal neck musculature. Rats were injected prior to
surgery with 25.0 mg/kg desipramine-HCl dissolved in dis-
tilled water, IP. Thirty minutes later, 200 ug 5,7-DHT (Sigma,
USA) dissolved in 25 ul saline-ascorbate vehicle (n = 6) or
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vehicle alone (n = 8) was injected into the left lateral ventricle
(0.8 mm posterior to bregma, 1.4 mm lateral from the midline,
and 4.0 mm below the top of the skull) [coordinates according
to Paxinos and Watson (26)]. The animals were housed indi-
vidually in a temperature-controlled room (20 + 1°C), under
121 : 12D cycle (lights went on at 0700 h and went off at 1900
h), and food and water were available ad lib. Ten days after
surgery the animals were habituated to a sound-proof cham-
ber fitted with slip-rings and cable connectors. The electro-
graphic activity in 50-s periods was analysed and assigned to
the following categories based on the waveform: W [charac-
terized by low-voltage fast waves in frontal cortex, and mixed
theta rhythm (4-7 Hz) in occipital cortex and relatively high
EMG activity]; LS (high-voltage slow cortical waves inter-
rupted by low-voltage fast EEG activity); SWS (continuous
high-amplitude slow frontal and occipital waves combined
with a reduced EMG), and REMS (low-voltage fast frontal
waves, a regular theta rhythm in the occipital cortex, and a
silent EMG except for occasional twitchings) (21).

Pharmacological Procedure

We studied the effect of control solution, buspirone (Bris-
tol-Myers, USA) 0.010-4.0 mg/kg, ipsapirone (Bayer-Tro-

TABLE 1

EFFECTS OF BUSPIRONE ON WAKEFULNESS, LIGHT SLEEP,
SLOW-WAVE SLEEP, AND REM SLEEP IN VEHICLE-TREATED
RATS DURING 6-h SESSIONS

0-2h 3-4h 5-6h
Wakefulness
Control 37.6 £ 5.6 24.0 + 2.2 26.0 + 3.2
Buspirone (mg/kg)
0.010 39,4 + 5.4 21.2 + 3.8 27.6 + 3.4
0.025 40.0 + 3.8 242 + 4.2 242 + 24
2.0 98.6 + 3.8* 26.6 + 4.0 26.0 + 3.2
4.0 104.6 + 6.4* 446 + 8.6 19.8 + 2.6
Light sleep
Control 204 + 1.0 17.6 + 1.4 18.0 + 2.0
Buspirone (mg/kg)
0.010 20.0 = 1.6 18.6 + 1.6 21.0 + 2.4
0.025 17.2 + 1.8 17.6 + 1.4 19.6 + 2.4
2.0 9.2 + 2.8t 13.0 + 2.4 18.2 + 1.8
4.0 10.0 + 4.2F 17.4 £ 4.0 14.0 + 1.6
Slow-wave sleep
Control 57.4 + 4.8 67.0 = 2.6 65.0 + 3.8
Buspirone (mg/kg)
0.010 55.0 £ 5.4 69.2 + 2.4 57.4 + 3.6
0.025 58.0 = 4.4 68.2 + 3.8 64.0 + 3.2
2.0 12.2 + 2.6*  71.6 + 3.2 64.2 + 4.8
4.0 4.8 £+ 24* 820 + 4.8 75.8 + 3.2
REM sleep
Control 46 + 1.0 11.4 £ 2.0 11.0 = 1.6
Buspirone
0.010 5.6 + 1.2 9.6 + 0.8 140 + 1.2
0.025 48 = 1.0 134 £ 20 122 + 1.4
2.0 0t 40 = 1.4 11.6 + 1.4
4.0 0.6 + 0.4} 0.4 + 0.2* 104 = 1.1

All values are mean + SEM in minutes. Eight animals were in
each experimental group. *tCompared with control values: *p <
0.01; tp < 0.05 (Wilcoxon matched pairs test).
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ponwerke, Germany) 0.010-6.0 mg/kg, or gepirone (Bristol-
Myers-Squibb, USA) 0.025-4.0 mg/kg in animals pretreated
with ICV 5,7-DHT or vehicle.

In the second set of experiments 4.0 mg/kg buspirone, 6.0
mg/kg ipsapirone, or 4.0 mg/kg gepirone was injected into
the vehicle-infused controls pretreated with (—)-pindolol
(Sandoz, Switzerland) 2.0 mg/kg.

Subcutaneous injections were given in a final volume of 1.0
ml/kg. The drugs were given 15 min apart in the interaction
experiments. The azapirones and (- )-pindolol were dissolved
in a small volume of glacial acetic acid and were diluted with
distilled water; the pH was adjusted to 6. Fifteen minutes after
SC injection a 6-h sleep recording was started at approxi-
mately 0800 h. At least 4 days were allowed to elapse between
experiments to avoid long-lasting and rebound effects on
sleep.

Statistics

The Kruskal-Wallis ANOVA by ranks was used for statis-
tical comparison of four or more samples, with post hoc com-
parisons performed by the Wilcoxon matched pairs test.

TABLE 2

EFFECTS OF IPSAPIRONE ON WAKEFULNESS, LIGHT SLEEP,
SLOW-WAVE SLEEP, AND REM SLEEP IN VEHICLE-TREATED
RATS DURING 6-h SESSIONS

0-2h 3-4h 5-6h
Wakefulness
Control 32.8 + 11.2 236 + 24 252 + 3.8
Ipsapirone (mg/kg)
0.010 500+ 9.0 224 + 4.8 26.0 + 5.2
0.025 47.6 + 4.2* 224 + 3.0 29.2 + 3.6
2.0 58.0 + 8.8f 20.8 + 2.8 254 + 3.2
6.0 62.8 + 3.6t 34.6 + 9.2 240 + 4.2
Light sleep
Control 206 + 1.2 166 = 1.2 17.0 + 2.0
Ipsapirone (mg/kg)
0.010 144 + 1.4 126 £ 1.2 172 £ 2.2
0.025 150 + 1.8t 158 + 1.4 17.6 + 1.4
2.0 11.2 + 1.2t 11.0 £ 1.6 19.4 + 1.2
6.0 150 + 2.0+ 11.8 + 3.2 14.8 + 1.0
Slow-wave sleep
Control 614 + 32 67.2 3.2 66.4 + 4.2
Ipsapirone (mg/kg)
0.010 506 + 7.2 74.0 = 2.6 65.6 + 4.2
0.025 542 + 34 704 2.6 63.8 + 4.6
2.0 498 + 8.1 822 + 2.8 63.8 + 4.0
6.0 422 + 5.0 774 + 5.6 73.4 + 3.0
REM sleep
Control 52+ 1.0 12.6 + 2.0 11.4 + 1.8
Ipsapirone (mg/kg)
0.010 5.0+ 2.0 11.0 £ 1.2 112 + 0.6
0.025 3.2+ 0.8 11.4 = 1.0 94 + 1.0
2.0 1.0 + 1.0* 60+ 1.6 114+ 1.4
6.0 0* 1.4 + 1.0t 7.8 + 3.0

All values are mean + SEM in minutes. Seven animals were in
each experimental group. *tCompared with control values: *p <
0.05; tp < 0.01 (Wilcoxon matched pairs test).
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TABLE 3

EFFECTS OF GEPIRONE ON WAKEFULNESS, LIGHT SLEEP,
SLOW-WAVE SLEEP, AND REM SLEEP IN VEHICLE-TREATED
RATS DURING 6-h SESSIONS

0-2h 3-4h 5-6h
Wakefulness
Control 33.0 + 3.6 255 + 2.2 27.4 + 3.2
Gepirone
0.025 46.0 + 5.2* 274 + 3.0 236 + 4.4
0.100 48.0 + 4.8t 23.6 £ 3.4 29.6 + 5.4
2.0 66.8 + 6.2t 24.0 + 3.8 26.4 + 3.2
4.0 75.0 + 3.6t 23.2 * 3.0 30.8 + 4.6
Light sleep
Control 204 £ 1.6 16.6 + 1.2 18.0 + 2.0
Gepirone (mg/kg)
0.025 134 + 1.8f 142+ 14 13.8 + 1.6
0.100 13.4 + 2.6t 142 + 2.4 148 + 1.6
2.0 11.8 + 1.4t 162 + 1.4 18.0 + 1.8
4.0 104 + 1.4t 10.0 + 1.4 15.8 + 1.4
Slow-wave sleep
Control 61.6 + 2.6 67.0 + 2.6 63.4 + 3.8
Gepirone (mg/kg)
0.025 56.4 + 5.0 69.2 + 2.4 67.2 + 3.2
0.100 524 + 40 68.2 + 3.8 61.8 + 5.8
2.0 414 + 541 71.6 + 3.2 62.8 + 2.2
4.0 346 + 3.6t 82.0 + 4.8 64.4 + 4.2
REM sleep
Control 5.0 + 0.8 109 + 1.8 11.2 £ 1.6
Gepirone (mg/kg)
0.025 4.2 + 0.8 92 + 1.0 154 + 2.0
0.100 6.2 + 0.8 140 = 1.4 13.8 £+ 2.0
2.0 0t 8.2 + 0.8 12.8 + 1.6
4.0 ot 4.8 + 1.2t 9.0 + 1.0

All values are mean + SEM in minutes. Eight animals were in
each experimental group. *tCompared with control values: *p <
0.05; Tp < 0.01 (Wilcoxon matched pairs test).

Biochemical Assays

Immediately after completion of experiments animals were
killed by decapitation and each brain removed. Serotonin,
5-hydroxyindolacetic acid (5S-HIAA), and norepinephrine lev-
els were assayed in the raphe regions (pons and upper brain
stem), hippocampus, cerebral cortex, and striatum using re-
verse-phase high pressure liquid chromatography with electro-
chemical detection (11).

RESULTS

Effects of Buspirone, Ipsapirone, or Gepirone in
Vehicle-Infused Animals

Following the administration of 2.0-4.0 mg/kg buspirone,
0.025-6.0 mg/kg ipsapirone, or 0.025-4.0 mg/kg gepirone by
SC route to the vehicle-infused controls, W was increased
whereas LS, SWS, and REMS were significantly reduced (Ta-
bles 1, 2, and 3). Smaller doses of the azapirones were not
effective in this respect. Effects on W, LS, and SWS after
buspirone, ipsapirone, or gepirone were evident only during
the first two recording hours. On the other hand, REMS re-
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TABLE 4
EFFECTS OF 5,7-DIHYDROXYTRYPTAMINE ON MONOAMINES CONTENT IN BRAIN

Serotonin (pg/mg)

S-HIAA (pg/mg)

Norepinephrine (pg/mg)

Tissue Control Treated Control Treated Control Treated

Raphe 660.5 + 81.8 39.0 = 14.1* 591.2 = 103.3 46.4 + 17.7* 255.1 + 52.3 217.6 + 21.9
Cortex 678.4 + 35.1 90.5 + 19.2* 386.9 =+ 12.1 62.4 = 11.9* 303.5 + 32.8 321.2 + 15.8
Hippocampus 329.1 + 9.0 7.8 £ 3.8 3094 £ 104 17.8 + 4.8* 457.0 = 27.3 458.4 + 31.1
Striatum 438.8 + 17.2 21.3 £ 2.3* 4943 + 21.3 85.8 + 31.1* 109.2 £ 6.2 120.3 = 10.9

Rats were sacrificed 40-45 days after 5,7-DHT or vehicle administration. All values are mean + SEM. Six animals

were in each experimental group.
*p < 0.001 (two tailed #-test).

mained significantly reduced after the highest dose(s) of either
compound during the second 2-h period after treatment.

Effects of Buspirone, Ipsapirone, or Gepirone in
5,7-DHT-Infused Animals

5,7-DHT-treated animals showed a marked and significant
serotonin and 5-HIAA depletion in the raphe regions of the
pons and upper brain stem, cerebral cortex, hippocampus,
and striatum. In contrast, norepinephrine levels remained al-
most unchanged (Table 4).

Values corresponding to sleep-wake states after 5,7-DHT
did not differ significantly compared to the vehicle-treated
group. Subcutaneous administration of buspirone, ipsapirone,
or gepirone to the 5,7-DHT-treated animals induced changes
similar to these described in the vehicle-treated group. Accord-
ingly, W was increased whereas LS, SWS and REMS were
reduced (Tables §, 6, and 7). However, compared to the vehi-
cle-infused controls, values corresponding to W after the
4.0-mg/kg dose of buspirone were significantly smaller in the
5,7-DHT-lesioned animals.

Comparison between the lesioned and the control groups
revealed no temporal differences in the respective buspirone-
and gepirone-induced changes of non-REMS (LS + SWS)
and W.

Effects of Buspirone, Ipsapirone, or Gepirone in
( — )-Pindolol-Pretreated Animals

As can be seen from Figs. 1 and 3, (- )-pindolol (2.0 mg/
kg) effectively antagonized the increase of W and decrease of
non-REM sleep induced by buspirone (4.0 mg/kg) and gepi-
rone (4.0 mg/kg). Nevertheless, buspirone- or gepirone-
related suppression of REMS was not prevented by pretreat-
ment with (—)-pindolol. As regards ipsapirone, ( — )-pindolol
failed to reverse its effects on sleep and W (Fig. 2).

DISCUSSION

Acute injection of relatively large amounts of the azapi-
rones buspirone, ipsapirone, or gepirone in the vehicle-infused
controls significantly increased W and reduced non-REM
sleep and REMS. No decrease of W and/or increase of SWS
was observed when drugs were given in relatively low dosages.
In this respect, they contrast with 8-OH-DPAT, which induces
biphasic effects such that low doses decrease W and increase
SWS whereas higher doses induce opposite effects (23). De-

creased W and increased SWS after low doses of 8-OH-DPAT
have been related to selective activation of the somatoden-
dritic autoreceptor, whereas opposite effects have been as-
cribed to stimulation of postsynaptic receptors (24). Differ-

TABLE §

EFFECTS OF BUSPIRONE ON WAKEFULNESS, LIGHT SLEEP,
SLOW-WAVE SLEEP, AND REM SLEEP IN
5,7-DIHYDROXYTRYPTAMINE-TREATED RATS
DURING 6-h SESSIONS

0-2h 3-4h 5-6h
Wakefulness
Control 45.0 + 8.0 27.0 + 4.2 254 + 6.4
Buspirone (mg/kg)
0.010 49.0 + 4.4 30.6 + 2.4 28.8 + 6.8
0.025 45.6 + 5.4 21.0 + 2.4 39.8 + 6.0
2.0 79.6 + 3.2 278 + 3.6 19.8 + 3.8
4.0 80.8 + 5.0 29.8 + 6.4 24.0 £ 6.2
Light sleep
Control 20.0 + 2.4 18.0 + 3.6 20.0 + 2.6
Buspirone (mg/kg)
0.010 150 + 1.4 15.0 + 3.0 13.2 + 0.8
0.025 16.2 + 1.7 17.6 + 2.2 14.6 + 1.0
2.0 7.8 £ 14% 124 + 1.4 13.8 + 2.0
4.0 11.4 + 1.9 164 + 1.4 19.8 + 2.2
Slow-wave sleep
Control 50.0 + 8.8 642 + 2.6 62.8 + 5.8
Buspirone (mg/kg)
0.010 50.6 = 3.8 64.2 + 4.2 66.6 + 6.0
0.025 52.0 + 2.8 70.4 + 3.6 57.0 + 4.8
2.0 323 + 32 73.8 + 3.4 69.2 + 3.0
4.0 278 + 54* 67.6 + 5.8 658 + 6.4
REM sleep
Control 5.0 + 0.8 10.8 = 1.8 1.8 + 1.6
Buspirone (mg/kg)
0.010 54 + 0.8 10.2 + 1.4 114 + 1.6
0.025 62 + 1.8 11.0 + 2.4 86 + 1.4
2.0 0.3 + 0.3* 6.0 £ 3.0 17.2 + 3.0
4.0 o* 6.0 + 6.0 10.4 + 2.0

All values are mean + SEM in minutes. Six animals were in each
experimental group. *Compared with control values: p < 0.05 (Wil-
coxon matched pairs test).
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TABLE 6

EFFECTS OF IPSAPIRONE ON WAKEFULNESS, LIGHT SLEEP,
SLOW-WAVE SLEEP, AND REM SLEEP IN
5,7-DIHYDROXYTRYPTAMINE-TREATED RATS
DURING 6-h SESSIONS

0-2h 3-4h 5-6h
Wakefulness
Control 384 + 5.2 27.0 + 4.2 250 + 6.4
Ipsapirone (mg/kg)
0.010 51.2 + 4.8 31.6 + 3.4 278 £ 44
0.025 45.6 + 4.8 324 + 4.8 26.0 + 3.8
2.0 58.6 + 3.4 280 + 5.0 36.0 + 3.4
6.0 69.4 + 4.4 21.4 + 6.8 32.6 + 5.4
Light sleep
Control 20.0 + 2.4 18.0 + 3.6 204 + 2.8
Ipsapirone (mg/kg)
0.010 11.8 + 2.0 158 + 1.2 16.2 + 1.8
0.025 13.2 + 2.2 104 £ 1.8 17.4 + 1.0
2.0 10.0 + 2.0 10.8 + 1.0 18.0 + 2.4
6.0 142 + 2.0 142 + 0.4 19.6 + 1.6
Slow-wave sleep
Control 56.8 + 6.4 64.6 + 2.6 62.8 + 5.8
Ipsapirone (mg/kg)
0.010 532 £ 5.0 63.6 + 2.4 652 + 4.4
0.025 57.6 + 5.0 67.8 £ 3.6 66.2 + 3.4
2.0 50.6 + 6.0 76.2 £ 5.0 54.8 + 6.0
6.0 36.0 + 42* 814 + 6.4* 59.0 + 3.4
REM sleep
Control 4.8 + 0.8 10.4 + 2.0 11.8 + 1.6
Ipsapirone (mg/kg)
0.010 3.8 +1.2 9.0 + 2.6 108 + 1.2
0.025 3.6 + 1.6 9.4 + 1.6 104 + 2.4
2.0 0.8 + 0.4* 5.0+ 1.8 11.2 £ 1.6
6.0 0.4 + 0.4* 3.0 + 1.0* 8.8 + 1.6

All values are mean + SEM in minutes. Six animals were in each
experimental group. *Compared with control values: p < 0.05 (Wil-
coxon matched pairs test).

ences in the effect of partial agonists and 8-OH-DPAT on
sleep variables could depend on the former acting as full ago-
nists at presynaptic sites and as antagonists in some serotonin
projecting areas, such as the cortex (6). Thus, decreased firing
rate of 5-HT neurons and the resultant reduction of W and/
or increase of SWS after small doses of the azapirones would
be tentatively prevented by the release of a facilitatory feed-
back mechanism.

Subcutaneous administration of the azapirones to the 5,7-
DHT-treated group led to an increase of W and a reduction
of sleep. However, compared to the vehicle-infused animals,
values corresponding to W after the 4.0-mg/kg dose of buspi-
rone were significantly smaller in the 5,7-DHT-lesioned ani-
mals. The discrepancy could be related to the moderate differ-
ence between the control means (vehicle-infused = 37.6 +
5.6 min; 5,7-DHT-treated = 45.0 + 8.0 min). Although
these results are not significantly different, they could cause
a bias in favor of the vehicle-treated group. In general, the
increment in W time induced by CNS stimulants is related
inversely to the control values.

In addition, it should be considered that buspirone shows
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an antagonist action on presynaptic dopaminergic neurotrans-
mission (33). Moreover, as shown recently by Callaway et al.
(2) and Schmidt et al. (29), 5-HT, and 5-HT, receptors exert a
facilitatory role on dopaminergic function, and their blockade
attenuates the presynaptic D, receptor-mediated increase in
dopamine synthesis and release. Because a good deal of evi-
dence favors a facilitatory role of dopamine antagonists on W
through a blockade of inhibitory presynaptic D, receptors
(21), it could be tentatively proposed that administration of
5,7-DHT would decrease the dopamine-dependent increase of
W after buspirone administration, in a way similar to the
pharmacological blockade of 5-HT receptors.

The finding that the azapirones-induced increase of W and
decrease of sleep were still present in the 5,7-DHT-lesioned
animals further supports their dependence on postsynaptic S-
HT,, receptors. The latter could be tentatively located in the
hippocampus where azapirones act as agonists (6). In other
words, differences in the effect of full agonists (8-OH-DPAT)
and partial agonists (azapirones) on sleep-wake states could
be related to variations in the functional response of different
postsynaptic 5-HT, , receptor populations to the latter.

The B-adrenoceptor antagonist ( — )-pindolol, which blocks

TABLE 7

EFFECTS OF GEPIRONE ON WAKEFULNESS, LIGHT SLEEP,
SLOW-WAVE SLEEP, AND REM SLEEP IN
5,7-DIHYDROXYTRYPTAMINE-TREATED RATS
DURING 6-h SESSIONS

0-2h 3-4h 5-6h
Wakefulness
Control 384 + 5.2 27.0 + 4.4 25.0 + 6.4
Gepirone (mg/kg)
0.025 50.8 + 5.6 24.0 + 3.6 332+ 74
0.100 47.0 £ 44 26.0 + 5.8 34.6 + 4.0
2.0 62.0 + 6.2 21.0 = 6.0 18.0 + 2.6
4.0 74.8 + 8.5% 242 + 2.8 348 + 7.0
Light sleep
Control 200 + 2.4 18.0 + 3.8 204 + 2.8
Gepirone (mg/kg)
0.025 17.6 + 1.0 13.8 + 0.8 19.2 + 22
0.100 15.2 + 1.8* 15.2 + 0.8 16.2 + 1.4
2.0 126 + 1.8 15.6 = 2.0 17.4 + 1.4
4.0 9.8 + 1.2* 14.6 = 0.8 18.2 + 2.4
Slow-wave sleep
Control 56.8 + 6.4 64.6 £ 2.6 62.8 + 5.8
Gepirone (mg/kg)
0.025 48.2 + 4.8 70.2 + 3.8 55.4 + 8.4
0.100 54.6 + 4.8 68.4 + 5.0 58.0 + 3.6
2.0 448 + 5.8 73.6 + 6.6 714 + 1.8
4.0 342 + 5.6 72.0 + 3.2 54.6 + 5.6
REM sleep
Control 4.8 + 0.8 10.4 + 2.0 11.8 + 1.6
Gepirone (mg/kg)
0.025 34+ 1.0 12.0 + 1.6 12.2 + 2.0
0.100 34 £ 1.2 10.4 + 2.8 112 + 1.6
2.0 0.6 + 0.6* 9.8 + 1.6 132 + 1.8
4.0 1.2 + 1.2% 92 + 1.4 124 + 2.6

All values are mean + SEM in minutes. Six animals were in each
experimental group. *Compared with control values: p < 0.05 (Wil-
coxon matched pairs test).



pre- and postsynaptic S-HT,, receptors, antagonized the ac-
tions of buspirone and gepirone on W and non-REM sleep,
which also adds to the involvement of 5-HT,, receptors in
their disruptive effect on sleep and W. As regards ipsapirone,
(—)-pindolol was ineffective in this respect. One possibility is
that higher amounts of (—)-pindolol could be required to pre-
vent the effects of ipsapirone. Another possibility is that
mechanisms not related to the 5-HT,, receptor are partly re-
sponsible for the increase of W (10,12).

REM sleep was suppressed after administration of the
azapirones in both the vehicle-infused and the 5,7-DHT-
treated animals, and this effect was not prevented by (—)-
pindolol. REM sleep is a very “fragile” entity in the rat and
can be disrupted by pharmacological agents with quite differ-
ent mechanisms of action. Also, changes in body temperature
induced by CNS-acting drugs can interfere with REMS occur-
rence. In this respect, ipsapirone given in doses of 2.5-10.0
mg/kg IP did not significantly modify body temperature in
the rat (19). Thus, a strict relationship between administration
of the azapirones, REMS suppression, and changes in body
temperature cannot be easily acknowledged.

It could be argued that W increase after azapirones admin-
istration is related to the 5-HT behavioral syndrome, which is
also resistant to treatment with the neurotoxin 5,7-DHT (31).
Although buspirone (50.0-200.0 mg/kg, IP) and ipsapirone
(10.0-80.0 mg/kg, IP) failed to induce the serotonin syndrome
in nonlesioned rats, gepirone (10.0-50.0 mg/kg, IP) was active
in this test (5,7). However, doses of gepirone given in our
study (0.025-4.0 mg/kg, SC) were far below the ones inducing
the 5-HT behavioral syndrome, which tends to discard its par-
ticipation in their disruption of sleep and W.

Similar sleep-disrupting effects for buspirone have been
described in insomniac patients (20). Thus, on the first night
of buspirone (10 mg) administration W after sleep onset was
significantly increased, and for the first 3 drug nights, this
value and total wake time were increased moderately.

Onset of the anxiolytic action of buspirone and gepirone
typically occurs after 2-3 weeks of administration (3,27). In
spite of that, there is no evidence of tolerance to the stimulant
action of an acute systemic challenge dose of buspirone or
ipsapirone after repeated treatment with high doses. The post-
synaptic 5-HT,, receptor also appears to be unaffected upon
chronic agonist treatment (1,32). However, in spite of buspi-
rone, ipsapirone and gepirone having a relatively low affinity
for other 5-HT receptor sites, following their chronic use, a
decrease in the number of 5-HT, and 5-HT; receptors has been
reported in the rat brain (1,5,28,32). Thus, available evidence
tends to indicate that different receptor mechanisms could be
involved in the stimulant and anxiolytic effects of the azapi-
rones.

In conclusion, the present results show that acute adminis-
tration of the 5-HT,, receptor partial agonists buspirone, ip-
sapirone, and gepirone increase W and decrease sleep. The
sleep disruption induced by the azapirones was still present
in animals lesioned with the serotonin neurotoxin 5,7-DHT.
Moreover, {— )-pindolol prevented the effects of buspirone
and gepirone on W and SWS.

FIG. 1. The effect of (—)-pindolol pretreatment on the buspirone-
induced increase in wakefulness and decrease in light sleep, slow-wave
sleep, and REM sleep during 6-h sessions. All values are the means +
SEM (min). Six animals were in each experimental group. The doses
are in mg/kg. Compared with control values: *p < 0.05 (Wilcoxon
matched pairs test).
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FIG. 2. The effect of (— )-pindolol pretreatment on the ipsapirone-
induced increase in wakefulness and decrease in slow-wave sleep and
REM sleep during 6-h sessions. Each experimental group contained
six animals. Compared with control values: *p < 0.05 (Wilcoxon
signed rank test).
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