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123-129, 1987.—The effects of the putative dopamine (DA) autoreceptor antagonists cis-(+)-5-methoxy-1-methyl-2-(di-n-
propylaminojtetralin, (+)-UH 232, and cis-(+)-5-methoxy-1-methyl-2-(n-propylamino)tetralin, (+)-AJ 76, on sleep-wake
activity, EEG, and motor activity in the rat were studied. Both drugs induced a dose-dependent increase in wakefulness
(W) and a reduction in non-REM sleep (NREMS). A definite tendency to a suppression of REM sleep (REMS) could also
be observed. The results of spectral analysis indicated that EEG slow wave activity, a marker of sleep intensity. was
particularly sensitive to the drugs. Slight differences between the two drugs were observed: (+)-AJ 76 seemed to be more
efficacious than (+)-UH 232 in stimulating motor activity. (+)-UH 232 tended to suppress slow wave activity more strongly
than (+)-AJ 76. It is suggested that the increase in W following administration of (+)-AJ 76 resulted predominantly from
locomotor activation. while (+)-UH 232 might also act on dopaminergic mechanisms involved in the regulation of sleep.
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THE synthesis [10] and the in vivo pharmacology [22-
24] of the putative dopamine (DA) autoreceptor antago-
nists  cis-(+)-(1S,2R)-S-methoxy- 1-methyl-2-(di-n-propylami-
no)tetralin, (+)-UH 232, and cis-(+)-(1S, 2R)-methoxy-I-
methyl-2-(n-propylamino)tetralin, (+)-A)J 76, were re-
cently described. Both drugs produced a marked elevation
of brain DA synthesis rate and turnover with only slight
effects on the synthesis and turnover of serotonin (5-HT)
and noradrenaline (NA) being noted. The apomorphine-
induced decrease in DA synthesis rate in gamma-
butyrolactone treated animals was completely blocked
by (+)-UH 232 and (+)-AJ 76. In activity experiments
using habituated animals, (+)-UH 232 and (+)-AJ 76
induced locomotor hyperactivity and weak stereotypies and
antagonized the sedative effects of low doses of apomor-
phine. Locomotor stimulation was also observed in non-
habituated rats; a slight hypomotility was noted only after
the highest doses (52-204 umol/kg) of (+)-UH 232. These
effects contrast those produced by classical DA receptor
antagonists, which are known to induce strong hypomotility
and catalepsy. It was concluded that (+)-UH 232 and (+)-AJ
76 produce behavioural stimulation via a preferential antag-

onism.on central DA autoreceptors, an action different from
that of all known stimulants including, e.g., apomorphine
and d-amphetamine.

Patients with Parkinson’s disease suffer from sleep dis-
turbances [1]. A low dose of the dopamine agonist apomor-
phine has been shown to induce sedation and sleep in human
subjects [6], and this effect is absent in patients treated with
L-DOPA for severe Parkinsonism [2]. These observations
indicate that dopaminergic neurotransmission may contrib-
ute to the regulation of sleep-wake activity. Reviews of the
results of the pharmacological experiments on animals led to
the conclusion that DA in the central nervous system plays a
role as a vigilance enhancing ‘*instrument’” [14]; the normal
activity of DA neurons is required for motor behaviour, and
thereby DA-mechanisms are involved in the maintenance of
wakefulness [25].

The aim of the present experiments was to study the way
in which the behavioural stimulation induced by (+)-AJ 76
and (+)-UH 232 affects sleep-wake parameters in the rat.
Three different doses (3.2, 13 and 52 wmol/kg) of the drugs
were tested; the lowest dose being a threshold dose for lo-
comotor stimulation {22,23]. The sleep-wake activity was fol-
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lowed by means of recording the EEG and motor activity. In
order to establish the drug effects on EEG slow wave activ-
ity (a measure of the function of sleep mechanisms) [3,4],
EEG data were evaluated through spectral analysis.

METHOD

Male CFY rats (Szeged, Hungary) weighing 300-350 g
were used. Under pentobarbital anaesthesia (50 mg/kg, IP),
golden jewellery screws were implanted over the frontal and
parietal cortices and over the cerebellum for EEG recording.
The rats were allowed to recover for at least one week before
the experiments.

The animals were raised in a light-dark cycle of 12 hours

each (light on from 8:30 to 20:30), and at an ambient tempera-
ture of 21°C. The same conditions were maintained in the
sound-attenuated recording chambers, which were equipped
with loudspeakers providing low-level continuous noise. The
rats were housed individually in Plexiglas cages in the exper-
imental chamber with food and water continuously available.
In order to habituate the animals to the recording conditions,
the rats were connected to the flexible recording cables for 5
days before the experiments. The subcutaneous (SC) injec-
tion of the drugs or the solvent (saline) was timed 15 to 10
min before light onset. The animals received saline (SC) for 5
days and the sleep-wake activity, EEG and motor activity
were recorded on day 5; these records were regarded as
baselines. Test drugs were administered the following morn-
ing.
The (1S,2R)-(+)-enantiomers of cis-5-methoxy-1-meth-
yl-2-(di-n-propylaminojtetralin hydrochloride, UH 232,
and cis-S-methoxy-1-methyl-2-(n-propylamino)tetralin hy-
drochloride, AJ 76, were dissolved in saline (0.9% NaCl) and
injected SC at a volume of 5 ml/kg. Both drugs were tested at
the doses 3.2, 13 and 52 umol/kg and each dose was adminis-
tered to a group of 8§ rats. Due to technical failures, one
animal in the group injected with 13 wmol/kg (+)-UH 232
was discarded from the analysis of sleep-wake activity and
EEG.

The EEG and motor activity were recorded on a paper
chart (7.5 mm/sec). An electromagnetic transducer activated
by cable movements was used to record motor activity. The
vigilance states were scored in 40-sec intervals as wakeful-
ness (W), non-REM sleep (NREMS) and REM sleep
(REMS) according to conventional visual criteria, i.e., W:
EEG theta activity plus motor activity; NREMS: syn-
chronized EEG (slow waves and/or spindels) without motor
activity; and REMS: highly regular EEG theta activity with
occasional “‘activity’’ twitches. A 40-sec epoch was scored
according to the predominant vigilance state. The percentage
distribution of the vigilance states was calculated for 1 hour
periods. Following analysis of variance, the paired f-test
(two-sided) was used to evaluate the difference between the
results on the drug day and the saline day.

EEG signals (filtering: below 0.53 Hz and above 30 Hz at
6 dB/octave) in the first 3 hours of the recording period were
subjected to an analogue-to-digital conversion (sampling
rate: 100 Hz), and fed into a computer for spectral analysis
through the fast Fourier transformation. Power density val-
ues (uV%0.5 Hz) were computed for consecutive 2.5 sec
periods. The power density spectra were averaged for 1 min
periods, and the values were integrated for 2 Hz frequency
ranges between 0.5 and 12 Hz, and for 4 Hz frequency ranges
between 12.5 and 20 Hz. Finally, the mean power density
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values were calculated for the consecutive | hour periods.
The differences between the results on the drug day and the
saline day were expressed as percentages of the baseline
power density values. Paired r-test (two-sided) was used to
estimate the significance of the differences.

Effects on motor activity were quantified in the case of 13
wnmol/kg of (+)-UH 232 and (+)-AJ 76. The motor activity
(assessed as integrated activity counts (cable movements)
per 30 sec) recorded in the first 2 hours was fed into a com-
puter and the differences between the results on the drug day
and on the saline day were evaluated by means of paired
t-test (two-sided).

RESULTS
Effects on Sleep-Wake Activity

The baseline percentages of the vigilance states calcu-
lated for the 12 hours light period were similar in the groups
injected with (+)-UH 232 (W: 25-29%; NREMS: 58%;
REMS: 14-17%) or (+)-AJ76 (W: 28-31; NREMS: 55-57%:
REMS: 13-15%).

The lowest dose (3.2 umol/kg) of (+)-UH 232 increased
W and reduced NREMS in hour 1; thereafter the percentage
amounts of the vigilance states oscillated around the baseline
values (Fig. 1, upper part). Increased doses of (+)-UH 232
enhanced the arousing effect; the rats were awake for 1 hour
after 13 umol/kg, and the increase in W was statistically
significant 2 hours after 52 pumol/kg of (+)-UH 232. The
changes in NREMS were opposite to those in W. REMS
tended to be suppressed for 2 and 3 hours following adminis-
tration of 13 and 52 umol/kg of (+)-UH 232, respectively,
however, statistical significance was not reached. A trend
towards reduced REMS was observed throughout the 12-
hour recording period after the highest dose of (+)-UH 232.
A rebound-like compensatory increase in NREMS was
noted 3 hours after administration of each dose of (+)-UH
232, although statistical significance was obtained only in the
case of 52 umol/kg.

The effects of (+)-AJ 76 on the sleep-wake activity re-
sembled those of (+)-UH 232. The smallest dose (3.2
umol/kg) of (+)-AJ 76 tended to increase W and decrease
NREMS in hour 1, whereas REMS remained unaffected
(Fig. 1, lower part). The increase in W and the reduction in
NREMS persisted for 2 hours after the administration of 13
and 52 umol/kg of (+)-AJ 76 and REMS was reduced for 3
hours following 52 umol/kg. The NREMS suppression elic-
ited by 13 and 52 umol/kg of (+)-AJ 76 was followed by an
increase in NREMS and the rebound-like changes in W were
also obvious. After the initial decrease, the REMS percent-
ages returned to baseline levels.

Analysis of EEG Spectra

As described by Borbély ¢r al. [4], the power density
spectra of the rat EEG (recorded through the same deriva-
tion as in our experiments) are interpreted as follows: the
power density values in the low-frequency range (up to 6 Hz)
are a measure of slow wave activity and a sensitive indicator
of the slow wave sleep portion of NREMS. The theta activity
characteristic of W and REMS is reflected by relatively high
power density values in the 6 to 9 Hz frequency range, but
these values may also be appreciably high in NREMS.
Spindles, appearing primarily in shallow NREMS and less
frequently for short periods of quiet W, and low-amplitude
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FIG. 1. Effects of (+)-UH 232 (upper part) and (+)-AJ 76 (lower
part) on sleep-wake activity in the rat. W, NREMS and REMS de-
note wakefulness. non-REM sleep and REM sleep, respectively.
The doses used were 3.2, 13 and 52 pmol/kg, n=8 (except 13
umol/kg of (+)-UH 232: n=7). Shown are the mean deviations
(+S.E.M.) from the baseline values expressed as % of the recording
time for each hour in the 12-hour light period. Drugs were injected at
light onset. Statistics: analysis of variance followed by paired -test
(two sided): *»<0.05 vs. baseline (saline control) values.

waves found occasionaly during W and shallow NREMS,
relate to frequencies beyond 9 Hz. In accordance with this, it
was earlier reported [4,26] that the highest power density
values in the frequency range from 10 to 20 Hz are recorded
in NREMS.

(+)-UH 232 and (+)-AJ 76 markedly reduced the slow
wave activity. The two highest doses of these drugs also
decreased the power density in the high-frequency range,
whereas only slight changes in the power density values in
the theta range (6-9 Hz) were noted (Fig. 2). This general
picture varied somewhat with the two drugs and the doses
used.

The lowest dose (3.2 umol/kg) of (+)-UH 232 produced a
marked reduction in the slow wave activity in hour 1. This
reduction was apparent, though less pronounced, also in
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hour 2 (Fig. 2, upper part). The same dose of (+)-UH 232
increased the power density in the high-frequency range in
hour 2 and 3, and there was also a trend towards increased
slow wave activity in hour 3. Administration of 13 or 52
umol/kg of (+)-UH 232 elicited decreases in both the slow
wave and high-frequency activities in hour 1. The reduction
in the power density in the low-frequency range was evident
also in hour 2. An increase in the power density in the high-
frequency range was noted in hour 3 after the two highest
doses of (+)-UH 232. The middle dose of (+)-UH 232 in-
creased the power density in the theta range (6-9 Hz) during
the first two hours, whereas the highest dose of (+)-UH 232
was less effective in this respect.

A decrease in slow wave activity was noted after 3.2
umol/kg of (+)-AJ 76 in hour 1 (Fig. 2, lower part). This
effect was followed by a rebound-like enhancement in slow
wave activity in hour 3. Both low and high-frequency activi-
ties were reduced in animals treated with 13 or 52 wmol/kg of
(+)-AJ 76, and this reduction persisted for 2 hours after the
highest dose. Enhancement of slow wave activity was ob-
served after 13 wmol/kg of (+)-AJ 76 in hour 3. In contrast to
(+)-UH 232, (+)-AJ 76 (3.2-52 umol/kg) failed to signifi-
cantly increase the power density in the high-frequency
range during the 3-hours time interval. The theta activity was
not affected by (+)-AJ 76, except for a slight decrease noted
in hour 2 after the highest dose tested.

Effects on Motor Activity

The motor activity was measured in rats treated with 13
pmol/kg of (+)-UH 232 (Fig. 3) or (+)-AJ 76 (Fig. 4) and the
results were compared to the activity measured on the saline
day. Both drugs caused a pronounced behavioural stimula-
tion, and concerning each 10 min interval, (+)-UH 232 and
(+)-AJ 76 produced up to four and ten-fold increases in
motor activity, respectively, compared to the saline control
values (data not shown). The mean (+S.E.M., n=8) increase
in motor activity was +243=50% (p<0.05) for (+)-UH 232
and +249+94% (p<0.05) for (+)-AJ 76 in hour 1. The in-
crease in motor activity, compared to the saline control val-
ues, appeared to be even more pronounced in hour 2. How-
ever, only the motor hyperactivity induced by (+)-AJ 76
reached statistical significance: (+)-UH 232 (+712+626%);
(+)-AJ 76 (+649+19%, p<0.05).

Observations of the gross behaviour revealed a
pronounced motor stimulation combined with weak
stereotypies (sniffing and rearing) after 52 umol/kg of
(+)-UH 232 and (+)-AJ 76. However, the latter effects were
not quantified.

DISCUSSION

The putative DA autoreceptor antagonists, (+)-UH 232
and (+)-AJ 76, produced similar effects on the rat sleep-
wake activity. (1) Both drugs induced a dose-dependent in-
crease in W and a reduction in sleep, primarily in NREMS.
(2) Spectral analysis suggested that the slow wave sleep por-
tion of NREMS was particularly sensitive to the drugs. (3) A
tendency to REMS suppression could be observed for both
drugs. (4) In agreement with previous findings [22-24] ob-
tained with a different technique, a pronounced increase in
motor activity was noted after 13 umol/kg of (+)-UH 232 and
(+)-AJ 76.

It has been shown that variations in central DA metabo-
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FIG. 2. Effects of (+)-UH 232 (upper part) and (+)-AJ 76 (lower
part) on the rat EEG power density spectra. The changes in the
power density values in the frequency bands are expressed as %
deviations from the baseline values (means+S.E.M.) for each hour
during the first 3-hour recording period. Black columns indicate
changes in the total power (T); white columns indicate changes in
the power density values in the frequency bands. Each frequency
band is marked by its upper limit. Doses and number of animals:
same as in Fig. 1. Statistics: paired ¢-test (two sided): *»<0.05 vs.
baseline (saline control) values.

lism can be correlated with the sleep-wake activity, suggest-
ing that dopaminergic mechanisms might be involved in
sleep regulation [15]. The basic observations relating central
dopaminergic mechanisms to the regulation of sleep-wake
activity derives from experiments with DA receptor
agonists, such as apomorphine. Low doses of agonists
have been demonstrated to promote sleep, while high doses
increase W [9, 11, 12, 16] and these effects can be blocked by
DA receptor antagonists [6, 9, 16]. The biphasic effects on
sleep corroborate the findings that a low dose of apomor-
phine causes behavioural depression, whereas high doses
induce hyperactivity and stereotyped behaviour [8,20]. This
phenomenon is considered to reflect stimulation of
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dopaminergic auto- and postsynaptic receptors after low and
high doses of apomorphine, respectively [5]. On the other
hand, classical DA receptor blockers, such as spiroperidol
and haloperidol, are reported to increase slow wave sleep
and decrease W [11,17]. As suggested earlier [5], a selective
antagonism of dopaminergic autoreceptors would lead to an
increased release of DA which, in turn, would result in an
activation of postsynaptic DA receptors and thus be-
havioural stimulation. Low doses of DA receptor antagonists
such as haloperidol have been shown to induce behavioural
excitation in animals [7,21]. However, the results are not
consistent and depend highly upon the models used [7], thus
reflecting the high affinity of classical antagonists to both
auto- and postsynaptic DA receptors. On the other hand, the
DA receptor antagonists (+)-UH 232 and (+)-A] 76
produced biochemical effects resembling those of, e.g., hal-
operidol. In activity experiments, however, the former com-
pounds induced locomotor stimulation over a wide dose-
range; weak stereotypies were noted only after high doses
[22-24], thus suggesting a preferential DA autoreceptor
antagonistic action of these agents (cf. Introduction).

The effects of (+)-UH 232 and (+)-AJ 76 on motor activ-
ity and sleep-wake activity were similar to those observed
after a high dose of apomorphine, though the possibility of
slight differences cannot be excluded. Thus, the increase in
W noted after a high dose of apomorphine has a duration of
about 1 hour [16] while the arousing effect of the highest
doses of (+)-UH 232 and (+)-AlJ 76 lasted for 2 hours. Fur-
thermore, high doses of apomorphine produced marked ster-
eotyped behaviour, whereas only occasional sniffing and
rearing were noted after the highest dose of (+)-UH 232 and
(+)-AJ 76 (this study and [24]).

The effects of (+)-UH 232 and (+)-AJ 76 on sleep-wake
activity support the notion that postsynaptic DA activation
(in this case produced indirectly by the two (+)-enantiomers)
results in decreased sleep and increased W. Considering the
evidently enhanced motor activity, it has been suggested that
the increased W is predominantly due to a behavioural stimu-
lation resulting from the activation of the nigrostriatal DA
system [25].

However, the changes in motor activity cannot fully ex-
plain the changes in sleep-wake activity following drugs act-
ing on DA mechanisms. Wauquier [25] pointed out that a
reduction of behavioural activity does not necessarily lead to
sleep. It seems therefore that, besides affecting motor activ-
ity through which the drugs interfering with DA transmission
create favourable conditions either for W or sleep, these
drugs also act on other mechanisms via inhibiting or promot-
ing active sleep mechanisms. The latter effect has been at-
tributed to DA systems not primarily involved in the genera-
tion of motor activity, probably the mesolimbic and
mesocortical systems [25]. There are also other findings
suggesting an influence of dopaminergic neurotransmission
on sleep-wake mechanisms. Thus, Kafi and Gaillard {11] ob-
served that the DA antagonist spiroperidol increased sleep
without affecting motor activity (EMG) in rats. Gessa et al. [9]
reported that antagonism of dopamine D-1 receptors by means
of a high dose of SCH 23390 resulted in decreased locomotor
activity with no effects on the EEG pattern being observed. In
contrast, the selective D-1 receptor agonist SKF 38393
produced EEG desynchronization in rats while only slight ef-
fects on the behaviour were noted [19]. Finally, as a result of
experiments on encéphale isolé cats, DA neurotransmission
has been implicated in the generation of EEG spindle activity
[13]. In fact, injection of low and high doses of DA into the
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FIG. 3. Effects of (+)-UH 232 (13 wmol/kg) on rat motor activity. The results are expressed as
integrated motor activity counts (cable movements) per 30 sec for the first 2-hour recording period
following saline treatment (left part) or drug treatment (right part). n=8. The numbers (#) to the left of

the recordings refer to the individual rats.

caudate nucleus increased and suppressed spindle activity,
respectively, in gallamaine paralysed rats, thus indicating a
direct EEG effect of DA [18].

Accepting that the increased motility is not the single
mechanism responsible for the enhanced W following
dopaminergic activation, it is worth noting that the effects of
(+)-UH 232 and (+)-AJ 76 exhibited some, but slight differ-
ences. It has been shown that (+)-AJ 76 is more efficacious
than (+)-UH 232 in stimulating motor activity [24]. In con-
trast, EEG slow wave activity (regarded as a marker of the
function of sleep mechanisms [3]), appeared to be sup-
pressed more strongly after (+)-UH 232 than after (+)-AJ 76.
Slow wave activity was still significantly reduced in hour 2
following 13 umol/kg of (+)-UH 232, while no significant
alterations in motor activity and vigiliance states were ob-
served at this time. In the case of (+)-AJ 76, the recovery
from locomotor stimulation gave way to an immediate nor-
malization of the percentages of the vigilance states (in fact,
W and NREMS were back to normal levels sooner than was
the locomotor activity after 13 wmol/kg of (+)-AJ 76), and

the baseline level of slow wave activity was recovered or
slow wave activity tended to increase. The inhibition of slow
wave activity following the administration of (+)-UH 232
declined slowly, allowing only shallow NREMS initially.
The possibility that a difference in pharmacokinetics of the
two (+)-enantiomers account for the different effects on
sleep-wake activity cannot be ruled out. However, the above
findings may also indicate the presence of (at least partly)
separate dopaminergic mechanisms, regulating motor activ-
ity and sleep-wake activity.

In  summary, the preferential DA autoreceptor
antagonists (+)-UH 232 and (+)-AJ 76 induce a dose-
dependent increase of W and a suppression of sleep, effects
that are comparable to those elicited by high doses of
apomorphine. However, the mechanisms by which apomor-
phine and the former agents produce behavioural arousal are
different. These observations support the view that
dopaminergic neurons are involved in the regulation of the
sleep-wake activity.
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FIG. 4. Effects of (+)-AJ 76 (13 umol/kg) on rat motor activity. For further information, see Fig. 3.
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